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lwpuk xgu lanHkZ esa ,d thou dkS”ky ds :i esa lapkj

Communication as a Life Skill in Information-intensive Context
Roshan Lal Raina
Indian Institute of Management, Lucknow, India
E-mail: roshan@iiml.ac.in

lkjka”k
rhu egRoiw.kZ ?kVdksa] vFkkZr~ (i) mRiknu (ii) çlaLdj.k] vkSj (iii) tkudkjh dk mi;ksx] ls ;qä ^tkudkjh
pØ* dks ,d =qfVghu :i esa cuk, j[kuk] lapkj ds fy, egRoiw.kZ gSA vkt ds is”ksojksa ds fy,] tks çfrfnu viuk
vf/kdka”k le; ¼,d l‚¶V dkS”ky dh rqyuk esa½ vius vR;f/kd ekax okys xzkgdksa vkSj çca/ku] fuos”k çnkrkvksa]
lfefr ds lnL;ksa] vkiwfrZdrkZvksa] lkfFk;ksa] ofj’Bksa] ekrgrksa lfgr vU; fgr/kkjdksa ds lkFk laokn djus esa [kpZ djrs
gSa] ^lapkj* rsth ls ,d thou dkS”ky curk tk jgk gSA lapkj] vxj çHkkoh gks rks] ;g lgh le; ij lwpuk ds
lgh ekaxdrkZ] fuekZrk vkSj mi;ksxdrkZ ds chp lgh laidZ lqfuf”pr djus ds fy, tkudkjh dk ,d fujarj vkSj
[kqyk çokg cuk, j[krk gSA bl “kks/k i= esa bl ckr dks lgh Bgjkus dk ç;kl fd;k x;k gS fd tkudkjh ds
{ks= esa yxs is”ksojksa dks is”ks esa mR—’Vrk çkIr djus ds fy, ^lapkj* dkS”ky dks lq/kkjus dh t:jr gSA
Abstract
For the ‘information cycle’ consisting of three critical components, viz., (i) generation; (ii) processing;
and (iii) use of information, to keep on happening in a seamless manner, communication holds the key.
Communication is increasingly becoming a life skill (rather than a soft skill) for today’s professional,
who spends most of his time each day communicating with his highly demanding clientele and other
stakeholders including the management, fund providers, committee members, suppliers, colleagues, seniors,
juniors, all alike. Communication, if effective, will maintain a constant and open flow of information
ensuring right contact between the right seeker, producer and user of information at right time. In this
paper, an attempt has been made to justify that professionals in the information sector need to hone
‘communication’ skills to excel in the profession.
Keywords: Communication skill, life skill

1.

Introduction
Professionals in the information sector are interfaces
between information producers and information users.
Role of these interfaces is fast changing from those
of facilitators to partners. Their approach has be a
lot ‘pro-active’ rather than ‘reactive’ or ‘passive’ if
their output has to externally effective and internally
efficient. A closer understanding of the available
skills/competencies of the professionals engaged in
the information sector reveals that they have miles to
go if they have to discharge their roles as expected
of them’ 2.
To ensure optimum use of information available in
a variety of learning resources, effective communication
is an essential perquisite. for the individuals working in
information resource centres7. Information professionals

will have to assume the role of information analysers,
synthesisers and interpreters, rather than be contented
with acquiring, organising and providing information
when asked for. Further, the role of an information
professional will include the tasks of scanning, filtering,
selecting, organising and packaging the flood of
information. In keeping with their changing role from
‘gatekeepers’ to ‘gateways to information,’ information
professionals should also be performing such tasks as
information audits, training in information literacy,
information of best practices/competencies and helping
their users to navigate through the world of information,
more meaningfully 7. Effective communication skills
will hold information professionals in good stead to
discharge this role more professionally on lines as
expected by their highly demanding clients.
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2.	Communication as a Core
Competency
The SLA 8 advocates for communication as core
and personal competencies for information professionals
on following lines:
•
Listens first and coaches staff and others to develop
their own solutions
•
Supports and participates in mentorship programs and
succession planning
•
Runs meetings effectively
•
Presents ideas clearly and enthusiastically
•
Writes clear and understandable text
•
Requests feedback on communications skills and uses
it to make improvements.’
Communication competencies for library and
information professionals are also discussed on following
lines as identified by European Council of Information
Associations 1
•
Oral communication
•
Written communication
•
Using a foreign language
•
Communication sound and images
•
Interpersonal communication
•
Corporate communication
National Knowledge Commission6 recommendations
also emphasise on the importance of communication
skills among information professionals when it advocates
for following skill sets for them:
•
Library and information handling skills
•
Service orientation
•
ICT knowledge skills
•
Communication and training skills
•	Marketing and presentation skills
•
Understanding of cultural diversity
•
Knowledge mapping skills
Given these guidelines, it is clear that ‘communication’
has been recognised as one of the core competencies
for information professionals in the present context.
3.	Communication in IT
Environment
Developments in IT have opened up enormous
opportunities for information professionals to reach out
to wider audiences and with very many innovative and
value-added information products and services. Web 2.0
services such as blogging, RSS feeds, video casting,
social book marking, social networking, podcasts and
picture sharing. These are becoming more and more
popular. These technologies have made it easier for
everybody and anybody to create, publish, share,
collaborate, influence, and connect with each other
on any scholarly pursuit 4. Information professionals
will not only have to be well versed with all these
developments but promote their use to facilitate optimum
use of the rich resources, facilities, and services, they
have put in place.
2

4.	Communication in the
Curriculum
Information professionals require specialist knowledge
on acquiring, organising, storing, retrieving, accessing,
and disseminating, sharing and using information. They
get the basic nuts and bolts of such knowledge from
formal course curricula. But, then when one compares
the service level of information professionals with
other professional service providers, let us say in
banks, hospitals, hotels, and running on competitive
lines, the clientele finds a huge gap. To fill this gap
and make sure the client leaves with delight, it is
essential that conscious efforts are put in place to
impart this life skill of ‘communication’ among the
professionals at appropriate level.
UNESCO sees the emergence of four roles of
information professionals, i.e., creators, collectors,
communicators, and consolidators (4Cs).
Curriculum for European schools5 includes aspects on
‘Communication Skills and Negotiation’ as follows 3;
•
Communication process, types and channels of communication
•
Levels of effective communication
•
Oral and written communication
•
Intercultural communication
•
Conflict management sources and types of conflicts,
conflict resolution strategies
•	Negotiation process and skills; contract negotiations.
However, a look at the model curricula developed
by the University Grants Commission9, reveals that ‘LIP
service’ is paid to helping information professionals
hone communication skills. Though a full paper is
included on information and communication, but the
part related to communication is limited to just to one
unit and that too on Information and Communication’
with sub-headings as (Module-1: Foundation of Library
and Information Science, unit-3) with coverage as
follows:
•
Information, characteristics, nature, value and use of
information
•
Conceptual difference between data, information and
knowledge
•
Communication of information; information generation
•
Communication channels; models and barriers
•
Trends in scientific communication.
This means, ‘Communication’ is not given the
treatment that it deserves. It is perceived as one of
those sets of skills that one can pick up on one’s
own. Unlike many other professional disciplines like
law, medicine, engineering, management, etc., it is
not taught like a core subject in information science
schools but just as a peripheral one to the curriculum.
Learning from these well received recognised and
flourishing disciplines, it is high time that information
science schools design, develop, and deliver a set of
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application-oriented communication courses for their
students and thus prepare them for the role expected
of them by the society they have chosen to serve.

•	Marketing of information products and services
•
Event management
•
Investor and PR initiatives

5.

7.	Conclusion
Taking a cue from what other service providers
have done to develop communication competencies
among their professionals, the information science
schools have to wake up and do everything possible
for developing this life skill in their products before
it is too late. Information professionals have to be
real good both in their ‘receptive’ and ‘expressive’
communication skills, if they want to play the role of a
‘partner’ and not just a ‘facilitator’ for the ‘generator’
and ‘user’ of information. So has to be the approach
of the information resource centres, for training of
their professionals.

IGNOU’s Effort
Indira Gandhi National Open University 5 in its
revised Programme Guide for Bachelor ’s Degree
Programme in Library and Information Science (BLIS),
which was released in July 2014, has given the subject
the treatment it deserves, at least to begin with. The
subject is covered under 5 Blocks through 18 units
as per details below:
BLI 225: Communication Skills
Block 1 : Communication fundamentals
Unit 1 : The basics
Unit 2 : Social skills
Unit 3 : Introducing the institution
Block 2 : Preparing for the job interview
Unit 4 : Your profile
Unit 5 : Preparing your portfolio
Unit 6 : Preparing your curriculum vitae
Unit 7 : The job interview
Block 3 : Workplace skills
Unit 8 : Presentation skills
Unit 9 : Telephone skills
Unit 10 : Group discussions
Unit 11 : Body language
Block 4 : Writing skills
Unit 12 : Internal communication
Unit 13 : Introducing yourselves
Unit 14 : Communication with customers
Unit 15 : Communication with service
			
providers
Block 5 : Advanced writing skills
Unit 16 : Writing proposals
Unit 17 : Writing reports
Unit 18 : Design of survey questionnaire
6.	Model Curricula on
Communication
May be IGNOU’s course, over the years, evolve
as a model course incorporating following components
and many more as per the changing information
landscape:
•
Conducting and participating in productive meetings
•	Negotiations skills
•
Conflict resolution
•
Professional etiquettes
•
E-mail communications
•
Preparing websites, portals, etc.
•
Social media communications
•
Crisis communication
•	Marketing of resources, facilities, and services

fu’d’kZ
blls igys fd cgqr nsj gks tk,] lwpuk foKku Ldwyksa dks
vU; lsok çnkrkvksa }kjk vius is”ksojksa ds chp lapkj n{krkvksa
dks fodflr djus ds fy, fd, x, ç;klksa ls çsj.kk ysdj
thou dkS”ky ds mRiknksa esa fodkl ds fy, og lc dqN djuk
pkfg,] tks laHko gSA lwpuk is”ksoj vxj lwpuk ds ^mRiknd*
vkSj ^mi;ksxdrkZ* ds fy, ek= ,d ^lqdkjd* u cudj ,d
^Hkkxhnkj* dh Hkwfedk fuHkkuk pkgrs gSa] rks mUgsa] viuh
^xzg.k”khyrk* vkSj ^vfHkO;fä* nksuksa lapkj dkS”kyksa esa okLro esa
vPNk gksuk t:jh gSA lwpuk lalk/ku dsUæksa dk Hkh vius is”ksojksa
ds çf”k{k.k ds fy, ,slk gh –f’Vdks.k gksuk pkfg,A
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lwpuk izkS|ksfxdh & xzkeh.k Hkkjr esa izHkkoh cnyko ds fy,
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lkjka”k
lwpuk izkS|ksfxdh ,d egŸoiw.kZ midj.k gS] tks xzkeh.k Hkkjr esa okbZ&QkbZ dh lqfo/kk ds fy, nsîk ds ifjn`”;
dks cny ldrk gSA orZeku lanHkZ esa] fofHkUu vkbZVh midj.kksa dks xkao eas jgus okys yksxks dksa muds thou Lrj
cukus ds fy, gh l{ke ugha fd;k x;k gS cfYd mUgaas muds oafpr gkykrksa ij dkcw ikus ds fy, dk;Zjr fd;k
x;k gSA xzkeh.k {ks=ksa ds fy,] vkbZVh rduhd dks lwpuk vkSj lapkj izkS|ksfxdh dh izfØ;k ds rgr fîk{kk ds
vf/kdkj ds fy, xkao ds cPpksa dks f”k{kk izkS|ksfxdh vkSj bZ&f”k{kk dh enn ls i<+kus ds fy, vkSj ,d rjhds ds
:i esa vius f”k{kk ds vf/kdkj ds fy, lalnh; ok;ns dks iwjk djus ds fy, tksM+k tkuk pkfg,A
Abstract
Information technology is an important tool, which can change the scenario of the country, for
wi-fi in rural India. In the present context, various IT tools are employed for the people living in the
villages to make them capable to build up not only their living standard, but also make them eligible to
overcome their deprived condition. For rural sector, IT technique should be added to teach the children
of villages for right of education under the process of information and communication technology with
the help of the education technology and elearning and as a way out to fulfill the parliamentary promise
for their right of education.
Keywords: Information technology, communication technology, rural, India

1.

Introduction
In India, most of the people belong to the villages.
Therefore villages have a greater importance for the
national growth and integration. But unfortunately,
the conditions of villages are very miserable, no one
is trying to see towards the deprived conditions of
the villages. Everyone look towards the brightness of
the city. People living in the villages want to migrate
to the city looking for their lively-hood. So many
facilities and technologies are provided to the urban
areas in priority. Question is, how then the villages
will grow? Although Panchayati Raj ensures the
decentralization of power for greater accountability and
people participation for social development in rural
areas. But technological advances are not provided
to achieve this goal.
The consumerisation of technology and digitisation
of our world have changed our physical world into
digital, for how we live, work and interact. The
developmwent of smart phones, tablets, laptops
computer technology, means we now have a wealth
of information on our person whenever and wherever

we need it. Social networks media like facebook,
whats app, twitter, etc. are changing the way people
use and share information for personal, political,
and commercial purposes and up-to-date with what
is happening around us. But regretted to say that
villages are far away from these technologies. Can
we provide all these facilities for villages?
Formerly, the villagers were self-reliant, and as
they had few wants and within this, they survived
contended life. Gradually the villages fell into ruin.
Generally poor people live in the villages. They
don’t know about the education, health, growth, etc.
In many villages, there is no school, no hospital, no
public library. So most of the villages are in wretched
condition. Lastly we can say, the villages are utterly
neglected and in poor state.
Therefore to make the India developed country, we
must have attention towards the poor conditions of the
villages at the root level. The modern technology has
To reach the village for basica and fundamental needs
of villages for education, health and livelihood.
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Hill 1 argues that learning how to use information
technologies is a key requirement for the immediate
future; “learning how to handle, evaluate and exploit
information, both new and old, is essential both for the
short term and the long term future” of education 2.
Niederman and Rollier 3 agree, suggesting that there
are two possible outcomes for the future of education:
one being that only four out of five universities would
have the capacity to support a significant student
population on the web; the other being that there could
be a online on education ofschool college, universities
enabled by modern communication technologies. for
elearning with new eduction technology
Powell and Snellman4 defined Knowledge Economy
as “production and services based on knowledgeintensive activities that contribute to an accelerated
pace of technological and scientific advancement as
well as equally rapid obsolescence.”
Lyon 5 argues that the increased capacity, rapid
development and expansion of these information
technologies, has led to notions of an ‘information
society’. Smart 6 argues that these technological and
cultural innovations have caused our society to become
increasingly centred around knowledge, instead of the
production of goods. All these research paper envisaged
that to develop the villages based, education, knowledge
and the technology will be required.
In this regard, an attempt has been made to find
the difficulties of a particular area ‘Jaitpur-Malhar’
village for the study and tools suggested to develop
the villages as a self-sufficient unit with the help of
information technology. People living in the villages,
they will be able to produce articles of daily necessity
in their own villages. Can we imagine to develop
each village into a modern city?, so that people live
their happily in the pure air and natural beauty with
the smart life. In this regard, Government attention
has been drawn for ultimate growth of the villages
providing the technological advances.

2. Tools of Information Technology
The various steps are described here, i.e., how
to increase the education and rojgar in the villages
with the help of information technology.
The basic need to grow the villages is to acquire
the knowledge economy by the peoples living in
the village. Their thinking and attitude can change
the life styles gradually and hence the village will
automatically grow. The information technology is
the only alternatives to provide the knowledge in all
fields for self development and the development of
the society. The four layers of knowledge, that can
be fulfilled by the information technology, as shown
in Fig. 1.
6

Figure 1. Four layers of knowledge, that can be fulfilled by the
information technology.

India is still moving ahead to assimilate itself in
the modern Knowledge Economy brought in by the
Information technology Revolution of the 1990s and
the signing up of the Intellectual Property Rights under
the World Trade Organisation (WTO). Now a days,
Information Technology provides the basic framework
for the acquisition and creation of knowledge repository
on various domains and the application and distribution
of knowledge for the development of villages.
To provide the knowledge and growth to the
villagers, dynamic information infrastructure required for
them. To attain this, develop one smart hall in village.
One resource officer should be appointed at the Gram
Panchayat, established in a village. Every Sunday he
should display the information on the screen with the
help of computer and projector, assembling all people
at Panchayat. There should be a proper planning for
month wise and year wise. It should be elaborated as
per the need of the villagers, as per the type of crop
production, as per the climate and weather, as per the
festival arriving, as per the current event happened at
state and National level, so that people get knowledge
and aware in all fields for future scope and planning.
It can be a part of school function.
Facility of i-Pod and Tablets: for poor home school.
One i-pod should be provided to per family initially.
Later on, it may be changed in to the tablate with
internet connectivity. As per government scheme, Akash
Tablates were provided to the students of Engineering
in Chhattisgarh and Punjab state. Likewise, these
devices can be provided to each family of village,
which will in turn educate to all the members of
family including children studying in the school or
colleges along with the parents.
i-pod should be filled with sufficient educational
material as per need of the villages. This should include
the knowledge about the agriculture, crop production,
animal growth, fisheries, birds, small scale industries,
uses of varieties of equipments performing during the
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crop production etc. This should also include the subject
area at least from LKG to 8 th class, which will help
in teaching the children of the family. Technique in
using the i-pod or tablet can be provided with help
of mentor, facilitated as per point-(1) One V-SAT set
up per village, or a particular area of the village can
be planted with wi-fi system for internet facility
Now App is also going to develop for the farmers
and women living in the villages. It will make easy
for communication in regional language.
Build up laghu udyog (small scale industries)
at village, like Dona and pattal making, Paper plate
making, cup, Match Box, Rice mill, etc. While building
these types of small scale udyog, young people will
be employed. People living in the villages, they are
generally unaware all about these things. So gram
panchayat wise appointed officer, who is showing per
week activity, he can help the villagers as mentioned in
point (1), to provide all information to the villager.

Figure 2. 	Farmer using ‘whats App’ to know about the crops
from resources.

Figure 3. Discussion with the people living at ‘Jaitpur
Village’.

What we have observed in the villages ‘Malhar’
during survey, most of the family members had migrated
to another place for rojgar, so that they can earn
money to survive the family. Therefore with the help
of information technology at village, with the add of
fund supplied by the government to Gram panchayat,
many work can be started at villages. Nobody will
migrate to city for work.
Adarsh Gram Yojana—This scheme is going to
launched by Honb’le Prime Minister Shri Narendra
Modi on 11-10-14. He is going to adopt the gram
‘Kakarahia’ and will take the responsibility for its
overall development. Up to 15 th August 2019, every
village will be developed. Every ‘sansad’ will take the
responsibility of one village every year for its overall
development. Now think, if the leader adopt one ‘village’
every year and apply all tools phase wise as mentioned
above, definitely, after 5 to 10 years, every village will
be converted into the smart village.
Case study of ‘Jaitpur’ Village under Malhar
Panchayat—Here an expectation is presented, per year
growth after utilizing various tools of information
technology, as per discussion with the people and
their demand.
No. of farmer family taken for study—100
(including low, medium and high yielding in
respect of crop production) (Data as on 15-09-14).
Literacy—30%, Crop production- Paddy per acre—9
quintal, Laghu Udyog—Nil (Table 1).
NGOs in India playing a significant role in spreading
the awareness among the people about the rights and
responsibilities of the citizen, so it can play a nodal
role in disseminating knowledge towards the information
technology for the augmentation of rural areas with
providing micro finance for self employment and
small scale industries.
Table 1. The details of Chhattisgarh state as per census in 2011.
State position–26th state of India
Description

Rural

Urban

Population (%)

76.76 %

23.24 %

Total population

19,603,658

5,936,538

Male population

9,792,514

3,035,401

Female population

9,811,144

2,901,137

Population growth

17.75 %

41.83 %

Sex ratio

1002

956

Child sex ratio (0-6)

972

932

Child population (0-6)

2,866,474

717,554

Child percentage (0-6)

14.62 %

12.09 %

Literates

11,173,237

4,425,077

Average literacy

66.76 %

84.79 %

Male literacy

78.20 %

91.63 %

Female literacy

55.40 %

77.65 %
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Figure 4. Analysis year-wise (Expected after using IT properly)
X-axis- Year; Y-Axis- Literacy growth (In %),
Production (In quintal), Laghu udyog (In No.).

Information technology can reduce the non-attainment
of school in the age group specially 10 years onwards.
As per the survey of 100 families at the village Malhar,
Bilaspur, CG, children discontinued their study after
class 5 th, 8 th, 10 th or 12 th class due to the reasons like
poverty, population, poor health condition, lack of
water and sanitation facility, which makes education
less of a priority, even if education is free.
The four main pillar of information technology
is indicated in Fig. 5.

Figure 5. Pillars of Information Technolgy.

•

The focus here required on rural health services
like telemedicine
•
home education with ipad based education technology
and elearning as govt supply
•
e-governance link of villages with govt plans,
grants, schemes
•
skill development tools and training
•
right of knowledge then right of information with
govt assisted portal.
Information technology of future reveals a lot
as indicated in Fig. 6. That should be focused and
adaptable for rural needs.
8

Figure 6. Information Technolgy of future.

3.	RURAL IT PROJECT
All govt are distiributing free ipad to villages, but
if it contains total supporting material for educating not
only childrens but parents also that can be designed
to be like a home school ion poor home in villages
where there is no school.
• It should contain all school material from class
1 to 12 for self learning
• It should contain books and library and links for
knowledge and informations as and when required
by villagers.
• It should contain voice books for even
illeterates
• It should be chargeable with solar energy and
water proof
• It should be net connected and govt connected
for problem solving, redressal links
• it should contain rural adaptble educating entertainment
material
• It should be designed with language adaptable,
e-learning, educational technology resources.
• Such resources can be easily developed with above
targets with govt assistance and Ngos.
4. 	CONCLUSIONS
Here various tools of IT are described, which
can change our society provided that the proper
management of information technology. These changes
will produce many benefits, create new jobs, promote
the growth of new markets and increased national
trade and investment.
IT will provide increasing opportunities, options
and strategies for education due to their technological
literacy, young people can derive cultural capital from
their understanding of modern information technologies,
and thereby have input into educational change. Our
dream to change the village in to ‘Smart Village’.
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In the future, education supported by the information
technology will become increasingly fruitful for the
villages provided that the proper implementation of
technological advancement is planned and executed
for them.

fu’d’kZ
;gka lwpuk izkS|ksfxdh ds fofHkUu midj.kksa dks of.kZr
fd;k x;k gS tks gekjs lekt dks cny ldrs gS o”kZrs lwpuk
izkS|ksfxdh dk leqfpr izc/ku fd;k tk,A bu ifjoRkZuksa ls
dbZ ykHk vftZr fd;s tk,saxs] jkstxkj ds u;s volj iSnk fd;s
tk,asxs] u;s cktkjksa ds fodkl dks c<+kok feysxk vkSj jk’Vªh;
O;kikj vkSj fuos”k esa o`f) gks ldsxhA
lwpuk izkS|ksfxdh dh rduhdh lk{kjrk dh otg ls
voljksa] fodYiksa] f”k{kk ds fy, uhfr esa o`f) iznku dh tk,sxh]
;qok yksx vk/kqfud lwpuk izkS|ksfxdh ds Kku ls lkaL—frd
/kjksgj izkIr dj ldrs gS vkSj bl izdkj “kS{kf.kd ifjorZu esa
fuos”k fd;k tk ldrk gSA gekjk liuk xkao dks ^LekVZ xzke*
esa cnyus dk gSA
Hkfo’; esa] xk¡o esa f”k{kk dks izHkkoh cukus ds fy, lwpuk
izkS|ksfxdh dk ;ksxnku cgqewY; gksxkA rduhd dks lgh <ax
ls viukus ds fy, mldk lqpk# rjhds ls fodkl ,oa izca/ku
gksuk gksxkA
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lkjka”k
21oha lnh esa rduhdh ;qx ds mn~Hko ds lkFk f'k{kk ls ysdj m|ksxksa rd çR;sd vuqç;kstu {ks= us vius
lapykRed çfrekuksa dks fodflr fd;k gS vkSj tgk¡ dgha Hkh laHko gS ogk¡ lwpuk çkS|ksfxdh bl fodkl dk ,d
vVwV fgLlk jgh gSA ;g isij lwpuk çkS|ksfxdh ds {ks= esa vk;s ifjorZuksa ij ppkZ djrk gS] bl l'kä midj.k
ds vuqç;kstu {ks=ksa esa orZeku ifj–'; dk fo'ys"k.k djrk gS rFkk lrr mn~Hko'khy ,oa fodkl'khy çkS|ksfxdh ds
Hkfo"; esa ,d varZ–f"V miyC/k djkus dk ç;kl djrk gSA ;g isij ikBdksa dh ml ekxZ ekufp= ds ek/;e ls
xqtjus esa lgk;rk çnku djsxk ftldk ikyu lwpuk çkS|ksfxdh vkSj blds fodkldrkZvksa us bls ç;ksxdrkZ dh
jkstejkZ dh xfrfof/k;ksa ds lkFk laxr cukus ds fy, fd;k gSA
Abstract
With the advent of technological era in 21st century, every application area, right from education to
industries, has evolved in its operational paradigms and the most indispensable part of this evolution has
been the embedding of Information technology (IT) wherever possible.This paper discusses the changes
the field of information technology has undergone, analyses the present scenario in the application areas
of this powerful tool and tries to provide an insight into the future of this ever evolving and developing
technology. This paper will help the reader to navigate through the roadmap which Information technology
and its developers have followed in order to make it compatible with every day to day activities of the
user.
Keywords: ICT, IT industry, self- sufficiency, indigenization, BPO

1.

Introduction
Information technology (IT) has become an integral
part of everyday life. From commerce and government to
scientific discovery, healthcare, education, entertainment
and environmental management, IT is indispensable
and is continuing to fuel further advances in all
facets of human endeavours. Along with providing
technological basis to every application area, IT
provides a powerful foundation for tackling many of
the problems that we face in the 21 st century. These
include data modelling and prediction to help manage
rapidly graying populations, analysis of satellite imagery
to manage deforestation or resource exploration, etc.
We have been witnessing rapid advances in IT in
recent years, and further advances in IT will help
solve, or at least mitigate, many of the problems we
are bound to face in the future.

2.

Advent of Information Technology
Information technology has evolved with the
evolution of human civilization. The developments in
the ways of communication and the increasing need of
transmitting of information has enabled the researchers
and analysts to divide the roadmap of information
technology into four time periods, each with its own
characteristic features and contributions.
2.1	Pre-Mechanical Age (3000 B.C.–1450 A.D.)
As this era was free from machines, this is known
as Pre-mechanical age. The first ever attempt to convey
information was made through simple drawings and
carvings made in rocks, known as Petroglyths and
through Pictographs which were simple sketches which
resembled the thing needed to be depicted. These
sketches and drawings were later used as symbols for
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particular syllables, consonants, and alphabets. The first
attempt in this direction was made by Greeks. With the
evolution of human brain, and civilization, the rocks
were replaced by paper, originally Papyrus, discovered
by Chinese and Egyptian. Later, the permanent storage
in form of books and scrolls was also initiated. The
primitive numbering system was also the contribution
of our ancestors. The modern numbering system, traces
its origin back to the nine digit numbering system
developed by Hindus between 100 and 200 AD and
discovery of Zero (0) in 875 AD. This time period
also saw the invention of first calculator, known as
Abacus.

2.2	The Mechanical Age (1450 A.D.–1840 A.D.)
Invention of Printing Press by Johann Gutenberg
marked the beginning of mechanical age, which was
carried forward by ‘Scale Rule’ which was the earliest
analog computer, followed by ‘Pascaline’, invented by
Blaise Pascal which is termed as the first mechanical
computing machine. These inventions acted as the pioneer
for the first prototype of the modern day computers
which are the playmakers of ever growing information
technology, ‘Difference Engine’ and ‘Analytical Engine’.
‘Difference Engine’ was invented by Charles Babbage
who is popularly known as ‘Father of computers’
and ‘Analytical Engine’ was invented by Joseph
Marie Jacquard which had remarkable similarities
with modern day machines, for instance, Binary Logic
and Punch Cards.
2.3	The Electromechanical Age (1840–1940)
Discovery of ways to harness electricity was the
major advancement which led to the revolution in the
field of communication. Using electricity, knowledge
and information could now be converted into electrical
impulses. Beginning of telecommunications was marked
by the invention of voltaic battery, which was taken
to a higher level through the advent of telegraph
and radio communication. The foundation stone of
electromechanical computing was laid by International
Business Machine, popularly known as IBM which
worked over census machine using punch cards. Another
milestone was reached with the invention of Mark 1,
which stored information on paper tape.
2.4	The Electronic Age (1940–Present)
This age was marked by the advent of properly
designed computer machines which was followed by
their miniaturization and additional features to support
user needs and increasing demands to support new
technologies. This age is divided in four generations
of digital computing with each generation having their
own characteristics and contribution to the development
of telecommunications.

(a) First generation (1951-1958) - Characterized by
the presence of vacuum tubes, punch cards and
the use of machine and assembly language and
a compiler.
(b) Second Generation (1959 – 1963) – Characterized
by the replacement of vacuum tubes by transistors,
punch cards by magnetic tape and disks and high
level languages like COBOL.
(c) Third Generation (1964 – 1979) – Beginning the age
of miniaturization with the introduction of integrated
circuits (ICs) and advanced programming language.
These developments led to the establishment of
computing giant, Microsoft.
(d) Fourth Generation (1979 – Present) - Initiated
by the microprocessors containing memory, logic
and control units, i.e., an entire CPU on a single
chip. This small step has resulted in great leaps
in the area of computing which has facilitated
the information technology to never expected
horizons, for instance, distributed environment in
computing, parallel transmissions, multiple access,
complex information processing, etc.

3.

IT industry: past till present
As it is evident from the above, information
technology has surfaced to the present level after moving
through many developmental stages. As Information
technology has matured over time, in similar manner,
countries have also grown and incorporated IT in their
skeletal framework comprising mainly of economic
aspects.
Before exploring the footprints of IT embarked
in different areas and their impact, we need to look
into the two important ethical issues answered by
every country which paved the way for Information
and Communication Technology (ICT) to become
another tool for promoting globalization. These two
issues were:
• Self-Sufficiency - With the end of the era of
colonization, and beginning of globalisation and
overseas export-import, every country participating
in the global process, entered into the global
competition of proving itself as the superpower
to its counterparts. And for this, there was an
urgent need to be self-sufficiency in every field,
which required a foolproof technology to speed up
the processing, gathering and storage of relevant
information, and here the ICT came to play by
deploying quick and efficient methods for information
transmission and telecommunication.
• Indigenisation – It was another benchmark added
to the capabilities of any country. It was in fact
an extension to the self sufficiency of countries.
By having indigenous technology, countries moved
away from relying on foreign technology. This
11
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approach mitigated the risk of intrusion by foreign
powers and also fuelled up the economic and
political agendas.
Now, we will look into the major play areas of
ICT and the changes these have undergone.

3.1 Services and Software vs Hardware
The service and software segment of IT industry
is more robust than its hardware counterparts. In the
earlier years, hardware was the major component in
ICT which underwent gradual changes, which led to
the enhancements in the field of telecommunications as
it added support for new functionalities. The services
and the softwares then were limited and quite complex
to be understood without formal training. But, with
the development of new softwares, which were more
user-friendly and interactive, and supported many
services which aided day-to-day activities, services
and software perspective of ICT took over hardware.
Another reason for the same was that the further
developments in hardware field have been quite stagnant
for the time unlike software and services.
Talking in the terms of economy, export of softwares
and related service support is a more promising area
than that of hardware after countries have consented
on self-sufficiency and indigenisation. This export has
provided a well-defined way for the growth of BPOs
which not only generate employment, but also help
in making international ties.
Keeping the growing trends in this field in mind,
countries have eased the labour laws for IT services
and softwares. The governments of countries also are
extending a lot of support to software firms, unlike to
the stringent tax structure imposed in hardware.
But, the time is changing, and with the need for
more mini versions, hardware field is again gaining
momentum, and countries like India have a great
future in hardware sector as Indian IT industry works
on the concept of ‘learning by doing’, so it can move
by leaps and bounds by assembling the sophisticated
components and providing the finished products to
the intended customers.
3.2	Export vs Domestic Markets
In the formative years, the IT industry found
the potential customers in their country itself. The
domestic market was the biggest consumer for all the
services, softwares, and hardware produced by the IT
industry. But due to limited market boundaries, limited
cliental, price specifications and constraints, limited
demand, the development in the ICT faced a slowdown
which adversely affected the revenue being generated
and technological independence of the countries. To
mitigate this, the gateways for the export pertaining
to ICT were opened. This led to tremendous increase
12

in both economic and infrastructural agenda of IT
industry. With the introduction of export markets, the
need of BPO was recognised which in return increased
employment opportunities and globalisation ties. But,
exporting the products overshadowed the presence of
domestic markets and till now, domestic markets are
lagging behind in the revenue generation.
To make up for the loss, the BPO facilities
are provided 24x7 to the domestic users and other
fascinating schemes are also being provided to the
domestic client crowd.

3.3	Human Capital and Infrastructure
Initial IT industry was constrained to employ
only few people as handling the complex hardware
and working on complicated software required great
expertise which was found in few people only. But,
with the development in our education system, and as
more and more students started pursuing their career
dreams in the field of ICT, IT industry has become
the largest employment generator. The collaboration
with the international universities and the chances
to work abroad in major software giant companies,
like Google, Facebook, Microsoft, Amazon, Apple,
etc. have also helped in endorsing the IT industry.
The major reason behind IT industry being able to
hire such a impressive human capital is the large no
of subsidiary fields. IT industry is not only about
developing softwares, instead it requires manpower in the
BPOs, maintenance and support, testing of prototypes,
human resource management, personal relationship
management, which not only requires engineering
graduates, but also needs non-engineering, as well
as management minds to work for them. This global
acceptance makes IT industry the most sought field.
The ever increasing IT industry requires a great
infrastructure to support its huge cliental as well as
human capital, which is aided by the government
as well as private investors as IT industry has great
potential of profit generation.
3.4	Economic Development
The IT industry has the potential to raise long-term
growth prospectus through increased productivity in
almost every sector of economy. With the growth in
IT industry over years, it is now capable of not only
providing economic growth, but also economic development
which depends on global demand, development of
potential domestic market, comparative advantages of
services and softwares, and impact on governance.
IT is a general purpose technology, which can
influence national economy in numerous ways, for
instance, by creating employment opportunities, reducing
illiteracy, deliver good governance, etc.
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4.

future of IT industry
ICT industry is an ever growing industry which
has created its own niche in every field, right from
political agendas to social conventions. And this
proves that this industry can never be stagnant and
will always provide some better and new technologies
in the coming few years.
Improvements in communication field can be seen
in present time itself. By collaborating information
technology in mobile devices, providing Bluetooth
and Wi-Fi as alternatives to wire approaches of
communication, and making systems more and more
robust and reliable, are a few advancements evident
for now.
Technologies like cloud computing, grid computing,
parallel computing, neural networks, soft computing,
Bayesian networks, optical communication, virtual
displays, 3-D sensitisation etc. are few fields which
are being deployed along with ICT to make the world
more compressed and transforming the world in a
mesh of telecommunications.
It can easily be predicted that in the coming
years, IT will surely be an integral part of emerging
sectors like biotechnology, pharmaceutical research,
nanotechnology, and alsothe role of IT industry in fields
of defence, accounting, meteorology, transportation
will increase manifold.
Regarding the social front, IT industry will see
more women empowerment and will allow more
international ties to work into the firms. In the economic
agenda, the Foreign Direct Investment (FDI) in the
field of Space Research and Development is the result
of the deployment of ICT in the satellites and other
aeronautical sciences.
Thus, if stated in a nut shell, the IT industry has
still a long way to go, which will surely prove beneficial
for global world as well as individual nations.
5.	Conclusion
The main aim of this paper has been to track the
roadmap of IT industry, from the scratch to the present
giant form. From analysis and study, it is evident that
IT has grown tremendously in all these years and still
has a large potential, to not only accelerate the economic
growth but also global economic development.
To realize this prediction as true, governments
need to take specific measures to promote IT use and
make it accessible to every section of the society, along
with improving infrastructure, strengthening training
and education systems and flexible labour laws.
IT should be used as a tool to improve the living
standards of common people and enriching their lives.

IT literacy awareness needs to be enhanced so that
ordinary people can derive benefits, both economically
and socially.
Thus, the full potential of IT industry can be
attained only when we realise and understand the
future perspectives of the industry keeping the past
and present in mind.

fu’d’kZ
bl isij dk eq[; mís'; lwpuk çkS|ksfxdh m|ksx ds çkjEHk
ls ysdj blds orZeku fo'kky :i rd ekxZ ekufp= ij utj
Mkyuk jgk gSA fo'ys"k.k ,oa v/;;u ls ;g Li"V gS fd bu o"kksaZ
esa lwpuk çkS|ksfxdh us vR;kf/kd çxfr dh gS vkSj blesa vHkh
Hkh u dsoy vkfFkZd çxfr dks vfirq oSf'od vkfFkZd fodkl dks
xfr nsus dh dkQh {kerk gSA
bl iwokZuqeku dks lp cukus ds fy, ljdkjksa dks lwpuk
çkS|ksfxdh ds mi;ksx dks c<+kok nsus vkSj bls lekt ds çR;sd
oxZ dks lgtrk ls miyC/k djkus ds lkFk&lkFk cqfu;knh
<k¡pkxr lqfo/kkvksa esa lq/kkj djus] çf'k{k.k ,oa f'k{kk ç.kkfy;ksa
rFkk yphys Je dkuwuksa dks l'kä cukus ds fy, fo'ks"k mik;
djus dh vko';drk gSA
lwpuk çkS|ksfxdh dk bLrseky vke yksxksa ds thou Lrj
esa lq/kkj djus rFkk muds thou dks le`) cukus ds fy, fd;k
tkuk pkfg,A lwpuk çkS|ksfxdh dh lk{kjrk dks c<+kus dh
vko';drk gS rkfd vke yksx vkfFkZd ,oa lkekftd :i ls
blds ykHk çkIr dj ldsaA
bl çdkj lwpuk çkS|ksfxdh m|ksx dh iwjh {kerk dk
mi;ksx dsoy rHkh fd;k tk ldrk gS tc ge bldh fiNyh
,oa orZeku fLFkfr dks efLr"d esa j[krs gq, m|ksx dh vkxkeh
laHkkoukvksa dk ,glkl djsa vkSj mudks le>saA
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lkjka”k
lwpuk çkS|ksfxdh ¼vkbZVh½ ,d ,slh çkS|ksfxdh gSa tks dEi;wVj }kjk lwpuk dks bdëk djuk] çlaLdj.k djuk]
Hk.Mkju djuk vkSj tkudkjh nsuk gSA ge ,d yack jkLrk vlk/kkj.k le; esa r; djds ok;jysl ds bfrgkl esa
igq¡p x;s gSA fiNys ;qx esa ok;jysl çkS|ksfxfd;ksa esa Hkkjh o`f) ntZ dh xbZ gSA vkbZVh dk fodkl daI;wVj dh
ih<+h ij vk/kkfjr gS] tksfd 0 ih<h ls ikapoh ih<h rd igq¡p x;k gSaA lwpuk çkS|ksfxd us ,dh—r mís”; ^çn”kZu
vkSj dk;Zdq”kyrk* dks iwjk djus ds fy, fofHkUu fodkloknh ekxksaZ dk ikyu fd;k gSA lwpuk çkS|ksfxdh lwpuk
ds fofHkUu :i dks n”kkZrk gSa ftudk fofHkUu mís”;ksa tSls lEesyuksa] vuqla/kku vkSj v‚fM;ks] ohfM;ks] pSV vkfn ds
fy, gksrk gSA ;g vkys[k vkbZVh ds vrhr] orZeku vkSj Hkfo’; dks ij[krk gSA ;g vkys[k lwpuk çkS|ksfxdh ds
vrhr ls “kq: djrk gSA bl vkys[k esa lwpuk çkS|ksfxdh ds fodkl vkSj fodkl Øe dks n”kkZrs gSaA ;g lwpuk
vkSj lapkj çkS|ksfxdh ¼vkbZlhVh½ ls lacaf/kr gSA lwpuk çkS|ksfxdh nqfu;k esa orZeku “krkCnh esa vU; rduhdksa dh
rqyuk esa rsth ls c<us okyh çkS|ksfxdh gSaA
Abstract
Information technology (IT) is the technology which uses the computer to gather, process, store and
precede information. A long way in an extraordinarily undersized time has been reached in the history
of wireless. Over the past era, wireless technologies have undergone massive growth. Evolution of IT
is based on the generation about the computer, reached it’s about 0G to 5G. Looking past, Information
technologies have followed different evolutionary routes targeted to unified objective: performance and
efficiency. IT represent different form of information used for different purpose like, conferences, research,
and video, audio, chats, etc. This paper examines the past, present and future of IT. This paper begins
with the past of the information technology. In this paper we also show the evolution and development
of Information technology. It is related to the information and communication technology (ICT). IT
extends around the world faster than most other technologies in current centuries.
Keywords: Information technology, information and communication technology, generations of computer,
social networking sites, information technology infrastructure library (ITIL)

1.

Introduction
Information Technology is study of skills. Modern
world is characterized by rapid growth and development
of information technology (IT) resulting in more
dependence of the society, in a wider sense, on the
individual knowledge and competence of a person in
the IT area. Although this addiction grows on day after
day basis, the human right to education and information
is not extended to IT area. IT has great potential to
improve excellence, quality, efficiency and effectiveness.
Supervision IT, human resources present a demanding
task for executives. As organizations jumble up between
positions involving in-house employment, to agile
employment, and to outsourced support for IT, the need
to efficiently obtain, supervise and raise appropriate
IT human resources assumes greater significance. The

need to develop, maintain, operate, support a portfolio
of information systems never disappears. The past
decade has seen the regular appearance of information
technology as a new computing discipline in educational
institutions. In the past, the time between introducing
and using new technologies was somewhat long.
The introduction of new Information technologies
alters the parameters of the staffing decisions constantly.
Despite economic down streams, down turns and
downsizing trends, the demand for new IT professionals
is expected to grow over the coming years [1][2].
The introduction of new IT in organizations makes
the staffing dilemma more demanding, given the lack
of acquaintance with the expertise, the education
curve connected with its incorporation, the qualified
scarcity of experienced human resources. With hurried
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development of IT and further deepening of information
production, more and more enterprises have realized
the tactical value of IT and made great reserves in it.
However, during IT implementation procedure, decisionmaking, conversion degree, and IT performance is
often substandard to the expectation. IT has became
full-fledged quickly and gratitude to a tremendously
dynamic and tight-knit academic group of people,
undergone an evolution unlike any other computing
regulation.
Information and Communication Technology including
issues related to reliability, usability, performance
and trust. ICT has the potential to “connection the
information gap” in terms of civilizing excellence
of education, increasing the magnitude of quality
educational opportunities, making knowledge building
probable through borderless and unlimited accessibility
to resources and people, and getting populations in
inaccessible areas to satisfy their basic right to education.
As various ICTs become increasingly reasonable,
reachable, and interactive, their role at all levels of
education is likely to be all the more significant in
making didactic outcomes relevant to the labour market,
in revolutionizing educational pleased and release, and
in encouragement “information literacy.”

2.

Literature Review
We followed a procedure for a systematic review,
described in review paper 3 (based on the Cochrane
Handbook for Systematic Reviews of Interventions
[4]
, the University of York’s Centre for Reviews and
Dissemination’s guidance for those carrying out or
commissioning reviews[5], and consultation with software
engineering specialists on the topic and methods.) This
procedure specifies the research questions, inclusion
and exclusion criteria, quality criteria, data extraction,
etc.
2.1	Data Sources and Data Collection
The data searching strategy included online electronic
data searches and manual searches of various national
and international conference proceedings. In this context,
following online journals databases were searched
•
ASQ Digital Library
•
IEEE Explore
•
Springer Link and Journals
•
Academia.edu
•
Research Gate
•
Science Direct –Elsevier
In addition we also searched volumes of various
conference proceedings•
ICRTES 2013
•
ICRTES 2014
•
CONFLUENCE 2013
•
ICAET 2014

•
•
•
•
•
•

ACSITEET 2014
ICACEA 2014
ICRTC 2013
SACTA 2014
SAVOIR MANTRNA 2014
IC3 2013

2.2 Acceptance and Rejection Criteria
The studies which presented quality data on
Information Technology or Information and Communication
Technology were accepted. Some very old studies were
rejected if they were not up to the mark. The author’s
main focus was to accept qualitative and quantitative
methods based research studies.
2.3 Search Strategy
For searching research papers, we used Google
search engine and MSN search engine. For this
activity, we made some combinations from the area
of information technology. Some of those combinations
are as follows•
Information technology
•
Information and communication technology
•
Evolution of information technology
•
Past of information technology
•
Generation of information technology
2.4 Quality Assessment
For doing quality assessment, the authors did
follow the criteria defined in [c]. The three main
issues defined in [6] are as follows•
Rigor-Has a thorough and appropriate approach
been applied to key research methods in the
study?
•
Credibility- Are the findings well-presented and
meaningful?
•
Relevance.-How useful are the findings to the
software industry and the research community?
2.5	Data Extraction
At this final stage, data was extracted from each
of the study. The data was extracted on the basis of
parameters like the research method used, domain,
publication etc…The extracted data will be used in
several phases of this research work.
2.6	Data Extracted
While some of these positions will, no doubt, be
filled by overseas providers, a sizeable demand still
exists. Projections from Forester Research suggest
that the U.S. shortfall will reach more than 6 million
jobs by 2015. In a survey of the top concerns of IT
executives in 2006, IT human resources were rated
the second most important issue 7. As organizations
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seek new efficiencies and as technology permits the
incorporation of alternative sources of human resources,
new creative staffing options are being added to
the traditional options of recruitment, training, and
temporary contracting 2.
In the past, the time between introducing and using
new technology was quite long. Today, however, new
technology is used immediately after it is introduced, and
because we are not always sure about the technology’s
utility or potential adverse effects, the associated risk
analysis is conducted much later. This is a major reason
that many companies face monetary and technical
risks. Furthermore, companies that have never used
software in their products or operation or developed
products with in-house software are now dependent
on software. This emerging interconnectedness with
the software industry is adding to many companies’
complexity and their vulnerability to intruders and
terrorism 13.

In fig. 1 8, one sees the growth of information
technology services on basis year wise of. In this
figure we find that number of people in India is high
relative to the people in whole world. Dashed line
shows the growth of IT services in the World and
Solid line shows the growth of IT in India.
Figure 2 9, shows the difference between online
categories with the help of percentage in India or
World.
Information technology security task forces are
shown in Table 1. Here we define the forces as on
today and tomorrow.
Table 1. IT security task forces
S.
No.

IT Security Task
Force

Today

Tomorrow

1

Education and
Training

Awareness,
SANS

Certifications

2

Policy

Acceptable use

IT Security Policy

3

Identity
Management

ID/Password,
Moderate
Assurance
Level

Digital
Certificates, High
Assurance Level

4

Applications, Data
and DB

Central DBA
(database
administrator),
Hosting

Data Classification

5

Physical Security

Control, Some
Upgrades,
Biometric Entry Networked
Biometrics

6

Desktop

Prescriptive
Guidance

Proactive Defense

7

Server

Secure Central
Servers

End to end
Security for
Services Campus
wide

8

Network

Web based
Wireless
AuthN, Device
Redundancy

Strong
Authentication,
Physical Path
Redundancy

9

Storage and
Backups

Tape, SAN
(storage area
network),
NAS (network
attached
storage).

Backup to disk

10

Communication

Ad hoc

Systematic

Figure 1. Growth of information technology: India Vs world.

Figure 2. Reach of key online categories: India Vs worldwide.
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IT security forces is based on the confidentiality,
integrity and availability. Confidentiality, integrity
and availability are the sources which represent the
security for information.
In the past few decades, mobile wireless technologies
have experienced 4 or 5 generations of technology
revolution and evolution, namely from 0G to 4G.
The cellular concept was introduced in the 1G
technology which made the large scale mobile wireless
communication possible. Digital communication has
replaced the analogy technology in the 2G which
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significantly improved the wireless communication
quality. Data communication, in addition to the voice
communication, has been the main focus in the 3G
technologies and a converged network for both voice
and data communication is emerging. With continued
R&D, there are many killer application opportunities
for the 4G as well as technological challenges [8].

3.

Social Networking Sites
Social networking sites are very wide in today’s
scenario. In present time the social networking sites
are very good for some reasons like these quickly tell
about the current news. All friends are close to each
other through social networking sites like facebook,
whatsapp, we chat, line, chat, hike, etc.
4.

Information Technology
Infrastructure Library
Information technology infrastructure library is
also very common in present time. This is used to
capture all the related information regarding IT. In this
we also perform the availability management, service
level management, risk management, etc.
5.	Past, Present, and Future
The past of IT is shown in figures 1 and 2.
In both figures we see that the past of IT in India
versus World. Social networking sites, ITIL, etc are
the parts which show the presence of IT. The future
is based on the generation of IT which comes to the
Computer generation.
5.1 Generation of IT
The generation of IT starts from the 0G and till
now this is 7G.
0G- This generation is simply based on the wireless
technology. 0G refers to the pre-call technique of
mobile phones (1970).
1G- In this generation world’s first cellular system
was launched in Saudi Arabia based on the Analog signals
NMT-450 (Nordic Mobile Telephone) (1981).
2G- In this generation Digital Cellular system was
launched named as GSM (Global system for mobile
communication) Service (1991).
2.5G- In this generation GPRS (General Packet
Radio Service) service is launched under the GSM
environment (1997).
2.75G- In this generation EDGE (Enhanced Data
rates for GSM Evolution) service is launched under
the GSM environment in 1999.
3G- In this generation UMTS (Universal Mobile
Telecommunications System) service was launched
in 2003.
4G- In this generation LTE (Long Term Evolution)
advanced WiMAX was launched.

5G- In this generation WWWW (World Wide
Wireless Web) is developed, start from 2015.
Techniques of 0G to 5G is shown in Table 2. In
this table we simply show the techniques which is
used in the various generations 10,11,12.
Table 2. Techniques used in Generations
Generations Techniques
0G

PTT (Push to Talk), MTS (Mobile Telephone
System), IMTS (Improved Mobile Telephone
Service), AMTS (Advanced Mobile Telephone
System), OLT (Norwegian for Offentlig
Landmobil Telefoni, Public Land Mobile
Telephony) and MTD (Swedish abbreviation
for Mobilelefonisystem D, or Mobile telephony
system D).

1G

Mobile Telephone System (MTS), Advanced
Mobile Telephone System (AMTS),
Improved Mobile Telephone Service (IMTS), and
Push to Talk (PTT).

2G

Time Division Multiple Access (TDMA) based
and Code Division Multiple Access (CDMA).

2.5G

Wireless Application Protocol (WAP) access,
Multimedia Messaging Service (MMS), WAP,
MMS, SMS mobile games, and search and
directory.

2.75G

EDGE is a superset to GPRS

3G

Make use of TDMA and CDMA. Services like
mobile television, GPS (global positioning system)
and video conferencing.

3.5G

High-Speed Downlink Packet Access (HSDPA) is
a mobile telephony protocol. Adaptive Modulation
and Coding (AMC), Multiple-Input MultipleOutput (MIMO), Hybrid Automatic Request
(HARQ), fast cell search, and advanced receiver
design.

3.75G

High Speed Uplink Packet Access (HSUPA) is a
UMTS / WCDMA uplink evolution technology.

4G

“MAGIC” also refers to 4G wireless technology
which stands for Mobile multimedia, Any-where,
Global mobility solutions over, integrated wireless
and Customized services.

5G

Pervasive networks, Cognitive radio technology
and Smart antennas.

6.	Results, Analysis and Discussion
In this paper, we have focused on the trends of
IT in different areas. In figure 3, we define the trends
of IT related to the different keywords. In this figure
we see that computer generation is never used from
2004 to December 2014.
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Figure 3. Findings from Google trends through various keywords related to IT: Worldwide.

We also see that in 2004 we used all things
related to IT is like Information Technology is 96%,
Information and Communication Technology is 44%,
Information Technology Infrastructure Library is 11%,
Computing is 42% and Computer generations is 0%.
But in this figure shows the partial data till December
2014 like Information Technology is 33%, Information
and Communication Technology is 20%, Information
Technology Infrastructure Library is 10%, Computing
is 21% and Computer generations is 0%. This is
calculated on the basis of worldwide data.
In Figure 4, we define the trends of IT related
to different keywords. In this figure we see that

computer generation is never used from 2004 to
December 2014.
We also see that in 2004 we used all things
related to IT like Information Technology is 98%,
Information and Communication Technology is 46%,
Information Technology Infrastructure Library is 15%,
Computing is 0% and Computer generations is 0%.
But this figure shows partial data till December
2014 like Information Technology is 8%, Information
and Communication Technology is 3%, Information
Technology Infrastructure Library is 3%, Computing
is 12% and Computer generations is 0%. This is
calculated on the basis of data gathered for India.

Figure 4. Findings from Google Trends through various keywords related to IT: India.

Figure 5. Findings from Google Trends through various keywords related to IT Techniques: Worldwide.
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Figure 6. Findings from Google Trends through various keywords related to IT Techniques: India.

Figure 7. Findings from Google Trends through various keywords related to IT with generations: Worldwide.

Figure 5 defines the relationship among techniques
used in IT. In this figure we see that in 2004 the
users used the WWW 16%, Andriod 0%, Smartphone
is 5%, Wi-Fi 6% and Bluetooth 10%. But this figure
shows the partial data till December 2014 like WWW
55%, Android 91%, Smartphone 12%, Wi-Fi 24%
and Bluetooth 11. This figure shows the relation
Worldwide.
Figure 6 defines the relationship among techniques
used in IT. In this figure we see that in 2004 the
users used the WWW 8%, Andriod 0%, Smartphone
is 8%, Wi-Fi 3% and Bluetooth 8%. But in this figure
shows the partial data till December 2014 like WWW
87%, Android 82%, Smartphone 12%, Wi-Fi 14% and
Bluetooth 5. This figure shows the relation India.
In figure 7, we define the trends of IT related
to the different generations. We see that in 2004 we
used different generations related to IT is like 1G
is 1%, 2G is 1%, 3G is 9%, 4G is 1% and 5G is
0%. But we also show the partial data till December
2014 like 1G is 2%, 2G is 6%, 3G is 40%, 4G is
41% and 5G is 2%. This is calculated on the basis
of worldwide.
In Figure 8, we define the trends of IT related
to the different areas. We see that in 2004 we used
different areas related to IT is like Internet access is

97%, Expert System is 44%, Artificial Intelligence is
34%, Image Processing is 12% and Neural network is
8%. But we also show the partial data till December
2014 like Internet access is 55%, Expert System is
1%, Artificial Intelligence is 16%, Image Processing
is 3% and Neural network is 2%. This is calculated
on the basis of data for usage worldwide.

7.	Conclusions and Future Scope
In this paper we focus on the past, present and
future of Information Technology. We see that the
relationship of different techniques, different areas are
related to IT. We also describe the past, present and
future on the basis of different analyses Worldwide
or India wide. Information technology is used in the
world like 33%, but in India it is 8%. Information
technology is the part which gives all the information
regarding all fields. Information technologies are used
in Television, Telephones, etc. Information Technology
is used in different research areas.
In future we use IT in all the fields related to
Image Processing, Neural Networks, etc. In future
Information Technology were play a vital role in all
fields like medical, generation. 6G and 7G are also
planned.
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Figure 8. Findings from Google Trends through various keywords related to different areas of IT: Worldwide.

fu"d"kZ
bl vkys[k esa ge lwpuk çkS|ksfxdh ds vrhr] orZeku
vkSj Hkfo’; ij /;ku dsafær dj jgs gSaA bl vkys[k esa ge
ns[krs gSa fd fofHkUu rduhdsa] fofHkUu {ks=] lwpuk çkS|ksfxdh ls
lEcfU/kr gSaA ge nqfu;k Hkj ;k Hkkjr Hkj ds fofHkUu fo”ys’k.k ds
vk/kkj ij Hkh vrhr] orZeku vkSj Hkfo’; dk o.kZu djrs gaSA lwpuk
çkS|ksfxdh dk nqfu;k esa 33 çfr”kr bLrseky fd;k tk jgk gS] ysfdu
Hkkjr esa dsoy 8 çfr”kr gSA ;g vkys[k gesa lwpuk çkS|ksfxdh
ds lHkh {ks=ksa ds ckjs esa tkudkjh nsrk gSA lwpuk çkS|ksfxfd;k¡ dk
Vsyhfotu] VsyhQksu] esa mi;ksx fd;k tkrk gSA lwpuk çkS|ksfxdh
dk fofHkUu vuqla/kku {ks=ksa esa ç;ksx fd;k tkrk gSA
Hkfo’; esa ge lwpuk çkS|ksfxdh dk best çkslsflax] raf=dk
usVodZ] ls lacaf/kr lHkh {ks=ksa esa bLrseky djsaxsA Hkfo’; esa lwpuk
çkS|ksfxdh fpfdRlk tSls lHkh {ks=ksa esa ,d egRoiw.kZ Hkwfedk
fuHkk,xkA 6oha vkSj 7oha ih<h dh Hkh ;kstuk cukbZ xbZ gSA
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lkjka”k
,d le; Fkk tc vk;dj tek djus ds fy, O;fä dks yach ykbuksa esa yxuk vkSj viuh ckjh dk bartkj
djuk iM+rk FkkA fj'rsnkj dks iSls Hkstus ds fy,] euh vkMZj dh FkdkÅ çfØ;k ls xqtjuk iM+rk FkkA cSad [kkrksa
ls iSls fudkyus ds fy, QkeZ Hkjus gksrs FksA xzkeh.k {ks= ds ,d O;fä dks vPNk LokLF; ijke'kZ çkIr djus ds
fy, 'kgj tkuk iM+rk FkkA ;s lkjs dk;Z buesa vkbZVhlh dks ys vkus ls vf/kd vklku vkSj vf/kd lqfo/kktud
cu x, gSaA ÞosLVuZ ;wfu;u euh VªkalQjß tSlh QeksaZ us cgqr gn rd euh v‚MZj lsokvksa ij vf/kdkj dj fy;k
gSA f¶yidkVZ-d‚e vkSj tck¡x-d‚e tSlh osclkbVsa [kjhnkjh çfØ;kvksa esa Økafr ys vkbZ gSa D;ksafd mUgksaus gesa lkbcj
e‚y dh vo/kkj.kk ls ifjfpr djk;k gSA bl i= dk mís'; 'kklu] LokLF; ns[kHkky] okf.kT; vkSj f'k{kk esa lwpuk
çkS|ksfxdh ds ç;ksx rFkk bls is'k vk jgh pqukSfr;ksa dh leh{kk djuk gSA
Abstract
There was a time when to pay the income tax one had to stand in long queues and wait for his turn.
To send the money to a relative, tedious procedures of money orders were followed. To withdraw
money from the bank accounts forms had to be filled. A person in a rural area had to travel to a city
to get good healthcare consultation. All these activities have been made easier and more convenient by
the introduction of ITC in them. Firms like “Western Union money transfer” have successfully taken
over money order services up to large extent. Websites like flipkart.com and jabong.com have become
a revolution in the shopping procedures as they have introduced us to the concept of cyber mall. This
paper aims at reviewing the use of IT in Governance, Healthcare, Commerce and Learning and the
challenges faced by it.
Keywords: e-governance, e-learning, e-commerce, e-health

1.	What is E-Governance?
“E” the prefix of the word E-governance itself
gives the meaning of the word, “E-Governance”. Like
E-mail is for mails using internet and communication
technology, similarly e-governance is for governance
using communication and internet technology. We
can say that it is the application of the information
technology and communication technology. This is
an efficient and foolproof method of providing the
citizens and business groups with the services of
the government. E-governance is often mistaken for
e-government. E-governance is basically a broader
topic that deals with the whole spectrum of networks
within government with respect to the use of IT.
E-government is a narrower discipline which deals
with the enhancement of the online services of the
government like e-tax, e- transportation, e-health,
and e-commerce. E-governance can be defined as an
intermediate application between government services
and the government.

2. 	Why E-Governance?
Earlier, to pay the telephone bill, people used
to queue up and wait for their chance and only a
single counter was active but E-governance has made
things simpler for the people. Today, the government
services can be availed on a single click sitting in
any part of the world. Earlier when internet was not
used as widely as it is being used today, a lot of
paper work was required to obtain the information
from a government body, today we can apply for the
information by simply e-mailing or posting a query
on the concerned portal, page or website. Today,
identification documents issued by the government like
passports, aadhar cards, and, PAN card can be issued
in a couple of minutes using the ITC technology.
E-governance has the potential to save a lot of
time and tedious paperwork and is definitely a much
welcomed innovation in the field of governance.

managing information technology

MP Online a portal by the government of Madhya
Pradesh provides services like tourism information,
application to government universities and colleges,
information of entrance examinations for various
government departments. Similar portals are being
run by other states also.
These portals provide citizens with services from
various departments of government like horticulture,
agriculture, transportation, tourism, fisheries, PWD,
dairy, forest department, etc.
To conclude with, e governance, in today’s era,
is certainly a remedy to the tedious disease of hectic
paperwork andit is an innovative way to manage time
in the government procedures and tasks.

3. 	E-Governance Challenges
The key challenges with electronic governance are
not technology or internet issues but some structural
issues that are described in the following sections:
3.1 Lack of Integrated Services
Most of the services which are being issued by state
or central government are not interlinked which may be
interpreted as a fact that there is a communication gap
between the different departments of the government.
The information which these departments have might
be exclusive to their department but for a citizen or
consumer, the information from the various departments
might be interlinked.
3.2 Lack of Key People
E governance projects lack key people at both
technological and ground level.
3.3	Population
This is arguably the toughest challenge faced by
the e governance. The facilities by the government
in form of “E” services are available only to the
population residing in urban areas as internet is the
basis to avail these facilities, whereas internet facilities
are not available efficiently in rural areas.
3.4 Language and Literacy
Almost all the online forums are available only
in English or Hindi. But a majority of the Indian
population still prefers to read and write in their
native languages and is unable to interact with these
online services. Illiteracy is also a reason for people
being unable to avail these facilities as there is no
knowledge of using computers at all.
4. 	E-GOVERNANCE IN INDIA
4.1 NeGP(National E-Governance Program)
National e governance plan is a plan of government
of India to make all government services available to
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the citizens via ITC medium. NeGP has been taken
up by department of electronics and information
technology and department of administrative reforms
in public grievances. This project got approval on 18 th
May 2006. The vision of this program is “make all
public services available to all the citizens in their
respective locality through common service delivery
outlets insuring efficiency, transparency and reliability
at affordable costs to realize the basic needs of
common man.”
The approach and methodology adopted for NeGP
contains the following elements:
• Common infrastructure: The implementation of
NeGP involves setting up of common and support
IT infrastructure such as state wide area networks,
state data centres, common service centres and
electronic service delivery gateways.
• Governance
• Centralized initiative, decentralized implementation
• Public private partnership model
• Integrative elements

4.2 State of E-governance in India
National Informatics Centre (NIC), have long
been committed to provide state-of-the-art solutions
to address the governance needs at all levels.
NIC is providing network backbone and e-Governance
support to central government, state governments, UT
administrations, districts and other government bodies.
It offers a wide range of ICT services including
nationwide communication network for decentralized
planning, improvement in government services and wider
transparency of national and local governments.
Listed below are the few products and services
supported by NIC to the e-governance in India:
1. Agmarknet
2. Bhuiyan - Land Records Computerization
3.	Value Added Tax (VAT)
4.3	What is E-Commerce?
E-commerce basically means electronic commerce.
It is a system that allows online buying, selling goods,
services and information. It also allows electronic
movements that support revenue generation such
as promoting the demand of goods and services. In
other words, it is the sector of the telecommunication
network in which all types of business of buying
and sellingof goods and services is done via internet
and other means of electronic communication. Even
today, some considerable time after the so called
‘dot com/internet revolution’, electronic commerce
(e-commerce) remains a relatively new, emerging and
constantly changing area of business management and
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information technology.
The wide range of business activities related to
e-commerce brought about a range of other new terms
and phrases to describe the Internet phenomenon
in other business sectors. Some of these focus on
purchasing from online stores on the Internet. Since
transactions go through the Internet and the Web, the
terms I-commerce (Internet commerce), I commerce
and even Web-commerce have been suggested but
are now very rarely used. Other terms that are used
for on-line retail selling include e-tailing, virtualstores or cyber stores. A collection of these virtual
stores is sometimes gathered into a ‘virtual mall’ or
‘cybermall’.

4.4	Why E-commerce?
E-commerce is widely needed in today’s world. It
is a must for all, which is why some of the developed
countries have initiated many dealings regarding
commerce via internet. Here are some of the reasons
why it is really important –
•
Buy or sell on websites or online marketplaces.
•
Gather the data via social websites like facebook.
com.
•
Use business-to-business exchange of data, i.e.,
the data is exchanged for business.
•
Make new customers using emails and fax.
•
Use B2B buying and selling.
•
Provide secure business transactions.
•
Provides a wide variety of choices and a huge
array of collections, enabling access to products
not available in some areas.
The activities of e commerce can be divided in
two main sections:
1. E-commerce from companies to individual consumers
(business to consumer)
It represents trade between companies on one
hand and individual customers on theother hand.
For instance: flipkart.com, myntra.com, etc.
2. E-commerce from companies to companies.
It represents trade between two commercial
firms.
4.5 Importance of e-commerce for consumers
4.5.1 Saves time and effort
In today’s life a customer can place an order 24
hours a day throughout the year and at any place.
And there is no need to go to a specific place for
any product. Some firms like amazon.in give a “one
day delivery” with the liberty of getting the good
exchanged in 30 days if needed.
4.5.2 Freedom of choice
E trade allows the consumer to select the goods
from millions of products available in the cybermall.

An easy comparison of constraints like price, size,
design, and color is available.

4.6	E-banking Services
The banking systems have evolved a lot in the
past few years. There is very little documentation
and paperwork required nowadays as most of the
complex processes have been simplified and made
easily available online. People no longer need to stand
in queues at the banks; all they have to do is login
to their banks via internet. Smartphones are playing
a great role in this revolution too. A person can do
all his banking on a cellphone, including withdrawal
and transfer of money.
4.7	E-commerce in India
E- commerce in India is widely growing it is not
as much as in United States or United Kingdom but it
is growing at a rapid rate. As compared to the other
developing countries, in India internet user base is
not so strong and is restricted to only 250.2 million
till june-2014.

FIgure 1. Growth of e commerce transactions in India (Source:
FICCI)

Flipkart.com is one of the e commerce giants
in India. It is the biggest online shopping firm that
spans a vast variety of products. From electronics to
clothes, everything is available. Recently, the prime
minister of India took an initiative to help out the
khadi weavers in India by signing an MOU with
Flipkart, which makes Flipkart an intermediate between
the khadi weavers and the khadi consumers. Flipkart
now advertises khadi products.
In other countries the main reason of e-commerce
being strong is the mode of transaction being online
while in India about 80 persent of user base uses
“cash on delivery” for payments. But cash on delivery
method may harm the e-commerce in the long run and
its necessary to switch the payment method from cash
on delivery to online transaction mechanism.
In India e-commerce market is spreading at a fast
rate. India has nearly 10 million online shoppers and
the number is increasing continuously. Electronics
and apparels are the biggest categories in online
shopping.
E-commerce has contributed to employment
generation as well
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5.	FUTURE SCENARIO
E-Marketer estimates that there are over 220
million people who shop online in China today, and
this figure is estimated to grow to 420 million by
the end of 2016. The online shoppers in India are
10 million today. So the Chinese market is 22 times
bigger than Indian market, and consequently has several
e-Commerce companies either already selling products
or in line to do so. Only a handful have gone public
in India so far.
India maybe behind the curve on the numbers, but
they are growing fast, and when they reach the 200300 million online shoppers, you can safely assume
that there will at least be as many e-Commerce players
in India as there are in China. We can safely assume
that there will be 10-20 big Indian companies in the
market soon.

of medical informatics, public health and business,
referring to health services and information delivered or
enhanced through the Internet and related technologies.
In a broader sense, the term characterizes not only
a technical development, but also a state-of-mind, a
way of thinking, an attitude, and a commitment for
networked, global thinking, to improve health care
locally, regionally, and worldwide by using information
and communication technology. Most notable attribute
of e-Health is that it is enabling the transformation of
the health system from one that is narrowly focused
on curing diseases in hospitals by health professionals,
to a system focused on keeping citizens healthy by
providing them with information to take care of their
health whenever the need arises, and wherever they
may be. Hospitals and hospital associations need to
be aware of, prepare for, and properly manage, this
transformation. It will change, forever, the role of
hospitals in the business of producing health. It will
make them more efficient, improve quality and strengthen
processes. But it will also remove them as the centre
piece of the health-care system, and give hospitals a
more forward-looking and progressive role.

8.
•
Figure 2. Growth of E-commerece over the years (US$
millions).

6.	CHALLENGES FOR E-COMMERCE
Payment Fraud: Since all the transactions take
place over internet therefore an attack by hackers is
the biggest threat to the E-Commerce at present.
The other major challenges for E-commerce
are:
Cash on delivery is the preferred way of payment
: Instead of making a transaction through the online
payment portals people find it more convenient to
pay by the cash on delivery medium.
Payment gateways have a very high rate of failure
: Payment gateways do fail often in India which
creates a fear of losing the money in the customer.
Hence customers, to stay safe, prefer cash on delivery
mode.
The logistics are a problem for delivery to many
of Indian towns : Delivery and transportation facilities
to many towns in india adds to the challenges as
delivery to such area isn’t possible therefore the
company prefers to not sell goods to the customers
in those areas and loose that market.
Smartphones : Feature phones still rule the market
as people haven’t fully adapted to the Smartphones
yet.
7.	E-HEALTH
E-health is an emerging field in the intersection
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•

•

•

•

IMPORTANCE OF E-HEALTH
Efficiency - one of the promises of e-health is
to increase efficiency in health care, thereby
decreasing costs. One possible way of decreasing
costs would be by avoiding duplicative or unnecessary
diagnostic or therapeutic interventions, through
enhanced communication possibilities between
health care establishments, and through patient
involvement.
Enhancing quality of care - increasing efficiency
involves not only reducing costs, but at the same
time improving quality. E-health may enhance the
quality of health care for example by allowing
comparisons between different providers, involving
consumers as additional power for quality assurance,
and directing patient streams to the best quality
providers.
Evidence based - e-health interventions should be
evidence-based in a sense that their effectiveness
and efficiency should not be assumed but proven
by rigorous scientific evaluation. Much work still
has to be done in this area.
Empowerment of consumers and patients - by
making the knowledge bases of medicine and
personal electronic records accessible to consumers
over the Internet, e-health opens new avenues for
patient-centred medicine, and enables evidencebased patient choice.
Encouragement of a new relationship between
the patient and health professional, towards a
true partnership, where decisions are made in a
shared manner.
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•

•
•

•

•

Education of physicians through online sources
(continuing medical education) and consumers
(health education, tailored preventive information
for consumers)
Enabling information exchange and communication
in a standardized way between health care
establishments.
Extending the scope of health care beyond its
conventional boundaries. This is meant in both
a geographical sense as well as in a conceptual
sense. E-health enables consumers to easily obtain
health services online from global providers.
These services can range from simple advice to
more complex interventions or products such as
pharmaceuticals.
Ethics - e-health involves new forms of patientphysician interaction and poses new challenges and
threats to ethical issues such as online professional
practice, informed consent, privacy and equity
issues.
Equity - to make health care more equitable is
one of the promises of e-health, but at the same
time there is a considerable threat that e-health
may deepen the gap between the "haves" and
"have-nots". People, who do not have the money,
skills, and access to computers and networks,
cannot use computers effectively. As a result, these
patient populations (which would actually benefit
the most from health information) are those who
are the least likely to benefit from advances in
information technology, unless political measures
ensure equitable access for all. The digital divide
currently runs between rural vs. urban populations,
rich vs. poor, young vs. old, male vs. female
people, and between neglected/rare vs. common
diseases.

9.	CURRENT E-HEALTH SCENARIO IN
INDIA
The Indian health care services are highly skewed
in favour of urban population which is 28% of Indian
population. Nearly one million Indians die every year
due to inadequate healthcare facilities and 700 million
people have no access tospecialist care and 80% of
specialists live in urban areas. There has been undue
delay in implementing e-healthcare in India due to
following reasons:
•
Absence of competition in health sector for long
time healthcare is handled by Public Health System
(PHS) with no competition.
•
Weak customer with low bargaining power.
•
Non-existence of funding system like insurance
or social security agency.
•
Strong professional culture among doctors hostile

•
•

to new ICT applications.
Doctors and nurses believe on their skill than on
computer.
Lack of computer-aid in medical and nursing
education.

9.1	E-Health Challenges
India faces a number of obstacles in the improvement
of effective e-Health solutions. Divisions between
health-professions, the public-private sectors, facilities,
levels of government and cultural communities generally
mitigate against large national inter-jurisdictional projects
in the public sector, and new large-scale investments
in the health sector. The technologies themselves, as
well as their deployment, are challenging matters.
There are questions about how to properly automate
the health-system, which technical standards are to
be adopted, Is the current level of technology and
technological sophistication of the providers and public
sufficient to the task.
Socioeconomic, cultural and geographic influences
limit connectivity, performance and possibilities of
Internet. Public and professional acceptance of the
new technologies in the place of old ways -such as,
keying up a live on-line Internet consultation instead
of sitting in a waiting room- is essential.Clearly, large
financial and human resources must be invested in
e-health to realize the full potential of the technology.
Evidence suggests that e-Health is at least 10 years
behind other information management intense sectors,
such as banking.
9.2	E-Learning
E-learning basically means education via the
Internet, network, or standalone computer. E-learning
is essentially the network-enabled transfer of skills and
knowledge. It also refers to using electronic applications
and processes to learn. E-learning applications and
processes includeWeb-based learning, computer-based
learning, virtual classrooms and digital collaboration.
Content is delivered via the Internet, audio or video
tape, satellite TV, and CD-ROM.
9.3	Benefits of E-Learning
There are many significant advantages for the
student who learns online. Here are just a few to
consider:
9.3.1 Convenience and portability
•
Courses are accessible on your schedule
•
Online learning does not require physical
attendance
•
Learning is self-paced (not too slow, not too fast)
•
You're unbound by time - courses are available
24/7
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•
•

You're unbound by place - study at home, work,
or on the road
Read materials online or download them for
reading later

9.3.2 Cost and selection
•
Choose from a wide range of courses to meet
your needs
•
Degree, Vocational, and Certificate programs
•
Continuing Education
•
Individual courses
•
Wide range of prices to fit your budget
•
Go back to school to get a degree, learn a new
skill, learn a new craft, or just have fun!
•
From art to zoology you can do it all online in
a price range to fit your budget.
9.3.3 Flexibility
•
Online learning accommodates your preferences
and needs - it's student-centered
•
Choose instructor-led or self-study courses
•
Skip over material you already know and focus
on topics you'd like to learn
•
Use the tools best suited to your learning styles
9.3.4 Higher retention
•
Online learning will draw you to topics you like
and enjoy. Studies show that because of this and
the variety of delivery methods used to reach
different types of learners, retention is frequently
better than in a traditional classroom.
9.3.5 Greater collaboration
•
Technology tools make collaboration among
students much easier. Since many projects involve
collaborative learning, the online environment is
far easier (and often more comfortable) to work
in since learners don't have to be face-to-face.
9.3.6 Global opportunities
•
The global learning community is at your fingertips
with online learning. The technologies used give
online instructional designers the ability to build
in tools that take you to resources you may never
see in a traditional classroom.
10.	CONCLUSION
Business in the electronic form is one of the most
blooming sectors in India at the time. It has been a
gamechanger in the past few years in the business
field and now has a great impact in the same. It has
improved the life of a common man to a great extent,
saving precious time and energy. Use of information
technology in commerce section saves a lot of time,
energy and paperwork. ITC in governance has provided
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a platform to the people to do all government based
works sitting in their homes on a click of mouse.
All the works that required forming long queues is
now being done over internet. Saving time is saving
money therefore use of ITC some way or the other
saves money. Healthcare facilities can now be made
to reach people living at every corner of the world as
a doctor’s consultation is now available on internet.
Websites like khanacademy.com and youtube.com have
stored video lectures for students of various courses.
To conclude it is genuine to accept the fact that use
of information technology in daily life has made all
the tedious tasks simpler and cheaper.
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lkjka”k
bZ& xouZsal dbZ ns”kksa esa ,d “kfDr”kkyh xofuZax midj.k ds :i esa mHkj jgk gSA bZ&xouZsal lsokvksa dh
jktuhfr ;kstuk vkSj muds dke ds ifjorZu dh fn”kk esa Hkkjr esa ljdkjh laxBuksa }kjk fopkj foe”kZ fd;k x;k
gSA ys[kd }kjk ds PSGDGA Act 2010, rgr e/; izns”k ds bZ&xouZsal ds yksdlsok ?kVd dh orZeku rFkk
Hkfo’; ds ifjn`”; esa ppkZ djsaxsA ys[kd }kjk lq>k;s x;s lq/kkj bZ&lalk/kuksa ds csgrj izcU/ku rFkk csgrj ljdkjh
bZ&lalk/ku [kkst midj.k cukus esa enn fey ldrh gSA
Abstract
e-Governance is fast emerging as a powerful governing tool in many countries. e-Governance services
have been mooted by government organizations in India towards strategic planning and transformation of
their working. In this paper, we discuss the scenario – present and future - of the Lokseva component of
e-governance services of Madhya Pradesh under the Public Service Delivery Guarantee Act (PSDGA),
2010. We also indicate some points where improvements suggested by us may lead to better management
of the e resources and help in making the government e resources a better knowledge discovery tool.
Keywords: e-Governance, e-district, Lokseva, public service delivery guarantee act, public private
partnership

1.

Introduction
The US e-government Act of 2002 defines 'electronic
Government' to mean (section 3601):
'The use by the Government of web-based internet
applications and other information technologies, combined
with processes that implement these technologies,
to(A) enhance the access to and delivery of Government
information and services to the public, other agencies,
and other Government entities; or
(B) bring about improvement in Government
operations that may include effectiveness, efficiency,
service quality, or transformation'. 1
Every citizen of any nation in general and India
in particular, requires – at some point, some document
from the government in order to authenticate claims
made by him/her at different stages of their life in a
plethora of situations.

Such documents from the government are obtained
by the citizen based on his application along with a
prescribed nominal fee after some standard procedures
are followed by him in accordance with the applicable
rules. The data is generally recorded by government
agencies and is generally verifiable. In an economy
riddled with poverty, it is an enormous burden on the
citizens to forego daily wages to obtain government
services, if it involves considerable direct or indirect
expenses or time.
In this paper, we discuss the scenario–present
and future of the Lokseva component of e-governance
services of Madhya Pradesh e-district project under
the framework of Public Service Guarantee Act.

2.	EARLIER SCENARIO
When we take a retrospective look at the earlier
scenario, we find that from the conventional administrative
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systems in vogue required a service seeker to undertake
multiple visits to the district headquarter/tehsil for
the completion of any simple transaction regarding
documents and redressal of grievances. From the point
of view of the common man, the perception generally
floated was that the typical hierarchical bureaucratic
functioning of the government office makes it nearly
impossible or extremely time consuming to obtain
even simple services like domicile, caste, death and
birth certificates.
Though the service provider and the government seem
to be the driving force, the conventional administrative
mechanism was constrained by its inability to reach out
to the citizens at a comfortable convenience level.
The major bottlenecks of the conventional system
were:
a) Dependence on clerks/lekhpal for the records.
b)	No specified time frame for delivery of service
and hence delay in obtaining the services.
c) Problem of approaching the headquarters from
remote places.
d)	Hampering of the daily routine of a common man
due to requirement of repeated visits to avail
service.
e) Low transparency level.
f) Lack of mechanism to trace the status and progress
of application.
g) Lack of effective monitoring of the concerned
officials.

3.

e-GOVERNANCE
With the development of ICT and growing acceptance
of computer enabled transactions e-Government services
have been mooted by government organizations towards
strategic planning and transformation of their working
with aiming at:
•
A citizen focus while realigning government
service delivery
•
Improvement in transparency, accountability and
trust in the government functioning.
The purpose is to achieve improved citizen experience
in Government transactions at reduced time, costs and
administrative burden for government agencies.
e-Governance is expected to enable the government
to discharge its functions more effectively. However, this
would require the government to change its processing
tools and improve its e-resource management enabling
authentic flow of information with ample and secure
access impartially to all citizens. This would also
need better citizen response to the services provided
by the government agencies
Based on technical, organizational and managerial
feasibilities Layne and Lee (2001) described a four
stage growth model for e-government as being composed
of –

•
•
•
•

Cataloguing (Information)
Transaction
Vertical integration (Interactive)
Horizontal integration (Strategic, interactive) or
transformation
In order to leverage the benefits of Information
Technology and to provide more and more services
and information in an efficient, reliable and transparent
manner to the public – even at the lowest level of
service delivery related to the various departments
and agencies of the State and Central Government
as a part of e-governance initiative - the Government
of Madhya Pradesh started a chain of computerized
SAMADHAN Centers.
The SAMADHAN project sought to redefine public
service in terms of prompt delivery of services sought
by citizens. This was being rendered as a one stop
service through multiple delivery channels like physical
centers, electronic kiosks and web. Initially there were
10 service counters at the district headquarters. The
service provided can be seen in Figure 1.
Perceived advantages of SAMADHAN project:
a) Reduced dependence on clerks/lekhpal for the
records.
b) Stated specified time frame for delivery of service
(as mentioned on the acknowledgement slip) and
hence reduction in time to obtain the services.
c) Reduction in number of visits to headquarter or
SAMADHAN Kendra.
d) Improvement in the transparency level.

Figure 1. List of Services at SAMADHAN Kendra Source:
www.indore.nic.ac.in.
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4.	Functioning of SAMADHAN
Kendra shown in figure 2

The operational model involves the three key
stakeholders – (a) the State Government, (b) the service
provider/IT entrepreneurs and (c) the citizens.

6.1	The State Government
The State Government responsible for framing of
the Lokseva adhiniyam and local government (DM’s
office) is responsible for the implementation of the
adhiniyam at the grass root level and selection of
service provider agency for the implementation. The
government (DM’s office) or the e-governance society
is only responsible for providing the infrastructure
in terms of the Lokseva Centre space. The technical
know-how (software) is the responsibility of the
National Informatics Center (NIC).

Figure 2. Functioning of SAMADHAN Kendra.

5.

LOKSEVA
Incorporating advantages of SAMADHAN and
adding to it a very important aspect of providing
explicit guarantee in terms of time bounds and provision
of penalty if the services are not provided within the
stated time limit and/or unsatisfactory level of service,
Governement of Madhya Pradesh has gone one step
further and on September 25, 2010 introduced the
Madhya Pradesh Lok Sewaon ke Pradan Ki Guarantee
Adhiniyam, 2010 (hereafter called The Public Service
Delivery Guarantee Act (PSDGA), 2010 in this paper
as per the webportals www.dit..mp.gov.in/en/edistrict,
www.mpinfo.org or Lokseva in short). The adhiniyam
was duly amended in 2011.
6.	OPERATIONAL MODEL
Lokseva is a public-private partnership (PPP) of
e-Governance initiative under the umbrella of both
the district administration as well as the National
Informatics Centre (NIC) at the state level for realizing
the PSDGA, 2010.

Figure 4. Stakeholders of Lokseva Model.
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6.2	The Service Provider Agency
The Service delivery agency is to be selected
through open bid in a transparent way for a period of
3 years. The Service provider is solely responsible for
the human resource and hardware (Computer, Printer,
Scanner, furniture etc.). The service provider would
be self motivated to generate revenues and therefore
promote the services in a professional manner.
The revenue for the Lokseva Kendra comes from
the users who pay prescribed fee for accessing the
services. A nominal part of the generated revenue
shall be shared with e- governance society.
6.3	Citizens
The citizens form the target customer base in terms
of ultimate beneficiaries of the Lokseva model. The
citizens save remarkable amount of cost and effort
in getting government services through the guarantee
given by the PSDGA, 2010. The PPP mode of operation
ensures the long term sustainability at one end and
the financial viability on other.
7.

SERVICES OFFERED by Lokseva
Kendras
A wide range of services of various government
departments are guaranteed under the PSDGA. Around 20
departments and more than 100 services are facilitated
through Lokseva Kendras. Services not only listed
under Lokseva but other services are also provided in
some of the districts. Some of the common services
provided by the Lokseva kendras are to provide:
•
Caste Certificates
•
Income Certificates
•
Domicile Certificates
•
Arms License
As per the recent orders of State Government income
certificates may be self declared but there is also a
provision of obtaining one from Lokseva Kendra.
The Act serves as a guideline to administration
and makes it more people-centric, transparent and
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effective in terms of service delivery. Presently, the
Act covers more than 100 services of around 20
departments. After implementation in Madhya Pradesh
the Act has been replicated in 14 states.

8.	OBJECTIVES
The objectives of Loseva facility can be broadly
summarized as:
1. To explore the possibilities of seamless inter and
intra departmental integration of State Government
and District Administration in terms of providing
services to general public through automated
process of internal administrative workflow.
2. Provide citizens with an alternative online mechanism
to obtain notified services.
3. Reduce the possibility of delay or denial of
service by devising an effective grievance redressal
mechanism.
Government projected Lokseva is a resultant
of the commitment made to provide a system of
governance which is not only transparent but, credible
and accountable towards the public in general. It
encompasses civil, political as well as economic
and social rights by accountable and efficient public
administration for the endowing support for development
of citizens. Major flow of Functioning of Lokseva
Kendra can be seen from Figure 3.
We now discuss the current status of this new
commendable citizen centric venture by Madhya Pradesh
Government and provide our suggestive comments for
sustainable improvement of this kind of service in the
future of e-governance. PSDGA is meant to provide
increased accountability and transparency towards
public services and a major reduction in corruption
among the government offices.
One aspect that makes e-governance measures
sustainable and prone to further development is the
empowerment of common man toi. Enforce the flow of government information to
citizen
ii.	Verify and ask question if not satisfied.

Figure 3. Functioning of Lokseva Kendra.

A major point which the common man would
find to his advantage in Lokseva is that it endows
accountability to government functionaries which
enforces the government employee responsible to
do his/her duty with full sincerity and deliver public
services within the prescribed time limit mentioned in
PSDGA and/or otherwise pay fine for non delivery of
service. Thus Lokseva has taken a leap much beyond
the earlier e-governance efforts that were limited to
providing existing services electronically.
The main feature of this act is the provision that
a government employee not delivering a prescribed
service at a satisfactory level within specified timelimit is liable to pay fine and a part of that fine is
to be given as compensation to the applicant.
Accordingly this has resulted in penalization and
compensation in the state (MP) till year 2012, around
137 officers/employees were fined a sum total of Rs. 2
lakh 52 thousand 420 for not adhering to the PSDGA
and compensations made available to the applicants
were around Rs. 1 lakh 86 thousand. (Source: www.
mpinfo.gov.in).

9.

SUSTAINABILITY
Richard Heeks (2002) provided the following figure
for the trend of success rate for the e-Government
projects in developing/transitional countries.
•
35% are total failures
•
50% are partial failures
•
15% are successes
He further asserted that the experience of some of
the Governments shows that real crux of convergent/
integrated delivery of public/private services lies in
re-engineering of government/business processes (40%)
and change management (45%) rather than technology
including hardware and software (15%).
•
Viability of the Lokseva lies in the power of
accountability on a wide range of services and
departments.
•
State-wide implementation of Lokseva not only
results in good governance but also in permanent
change in government service delivery model.
•
Complete transparency via online tracking of the
application status.
•
Services are given under the specified time limit
clearly reflected by the statistics.
•
Is in line with the e-Governance four stage growth
model.
10. ACHIEVEMENTS
•
The revolutionary law has been honored with UN
Public Service Award for the year 2012.
•
The Act has been replicated in 14 states.
•
Around 20 departments and more than 100 services
facilitated through Lokseva Kendras.
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11.	BENEFITS AND IMPACT
Since the notification of the PSDGA, 2010 a
total of 1,87,44,918 (including 70155 incomplete)
complaints have been filed by the people, out of which
1,53,47,171 (84%) were resolved amicably.
12.	THE CHALLENGES AHEAD
Success of Lokseva is apparent from the statistics
provided in the above mentioned figures and the benefit
in terms of spread of awareness in citizens about
service delivery guarantee and service delivery within
time-limit. The government officers and employees not
doing their work properly are liable to be punished. The
Lokseva project is apparently successful in terms of
figures, awards, perceived benefits shown by government
agencies. However, is still a challenging task drawing
optimum benefits from the scheme. We put forth some
constructive suggestions:
1. Spreading the network of Lokseva Kendra from
district level down to tehsil, block and even at
village level would ensure greater convenience
to a wider class of citizen.
2.	More Kiosk - For the sustainability of the project,
government may add kiosks, and induce small
entrepreneurs to provide services to the networks.
This would improve physical proximity between
the service provider and the citizen and result in
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3.

4.

5.

6.

reduction of indirect expenses.
E-services - Presently service delivery is through
designated Kendra or centers only. For the effective
and efficient governance availability of 24x7
services through online portals and customer care
practice could be exercised.
Appropriate measures for customer satisfaction in
terms of quality should be developed, implemented in
a transparent manner and feedback should be used to
streamline and improve the service mechanism.
Online Application and Transaction facility from
any point may be the next step to the success
of Lokseva e.g. a citizen should be allowed to
submit an application on internet from a computer
at any time.
Similar projects may be merged or withdrawn
completely from the government sites, e.g. there is
still a samadhan link on Indore district website[10] and
Bhopal district samadhan center site [11] despite the
implementation of Lokseva in these districts.
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lkjka”k
bZ&xousZUl lekt vkSj vke turk ds fy, csgrj 'kklu&O;oLFkk dh dqath cu x;k gSA ;g bZ&'kklu
dk;kZUo;u ds fy, vkSj blds dk;kZUo;u ls lacaf/kr eqíksa ds fy, i)fr;ksa vkSj lek/kku ij /;ku dsfUær djrk
gSA Hkkjr ljdkj us 'kklu O;oLFkk dks bZ&'kklu esa cnyus ds fy, jk"Vªh; bZ&xousZUl ;kstuk ¼,ubZthih½ 'kq:
dh gSA blds eq[; ?kVd gSa& jkT; vkadM+k dsUæ] jkT;&O;kih ,fj;k usVodZ vkSj lk>k lsok dsUæA e/;çns'k esa]
bZ&xousZUl ,eihv‚uykbu iksVZy ds ek/;e ls dk;kZfUor fd;k tkrk gS] ftls VkVk dalYVsUlh lfoZl }kjk fodflr
fd;k x;kA bl iksVZy dk mís'; ukxfjdksa vkSj vU; fgr/kkjdksa ds fy, e/;çns'k ljdkj }kjk çnku dh tk jgh
lwpukvksa vkSj lsok gsrq ,dy iVy miyC/krk çnku djuk gSA bl iksVZy ds ek/;e ls e/;çns'k ljdkj jkT; esa
lwpuk çkS|ksfxdh laca/kh lwpukvksa ds laca/k esa O;kid] lVhd vkSj lwpuk dk ,dy lzksr çnku djrh gSA e/;çns'k
ljdkj varoZLrq ds dojst] fMtkbu vkSj çkS|ksfxdh dh –f"V ls v‚uykbu iksVZy dk fu;fer vk/kkj ij lao/kZu
djus vkSj mls le`) cukus dk dk;Z tkjh j[kus dk y{; j[krh gSA
Abstract
E governance has become the key to better governance for the society and common people. It focuses
on the practices and solution for e-government implementation and the issues related to its implementation.
The government of India has launched the National e-Governance plan (NeGP) to tranform governance
into e-government. It is core component are-state data center, state wide area network and common
service center. In Madhya pradesh, e-governance is implemented through mponline portal, which was
designed and developed by Tata consultancy service. The objective of the portal is to provide a single
window access to the information and service being provided by the government of MP for citizens
and other stakeholders. Through this portal Madhya pradesh government is providing comprehensive,
accurate and one-step source of information about IT related information in the state. MP government
set up a goal to continue the enhancement and enrichment of online portal in terms of content coverage,
design and technology on a regular basis.
Keywords: E-governance, MP online, portal, information technology

1.

Introduction
E-Government refers to the use of information
and communication technology by different sections
of the society to provide and improve government
services, transactions and interactions with citizens,
businesses, and other sectors of government. These
technologies can serve a variety of different ends:
better delivery of government services to citizens,
improved interactions with business and industry,
citizen empowerment through access to information,

or more efficient government management. It consists
of the digital interactions between a citizen and their
government (C2G), between government and government
agencies (G2G), between government and citizens
(G2C), between government and employees (G2E), and
between government and businesses/commerce (G2B) 1
which make government more accountable, transparent
and cost-effective. The resulting benefits can be less
corruption, increased transparency, greater convenience,
revenue growth, and/or cost reductions.The Govt. of
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India has launched the National e-Governance Plan
(NeGP) to transform governance into e-Governance.
The NeGP comprises three core components:
•
State Data Centre (SDC)
•
State Wide Area Networks (SWAN)
•
Common Service Centre (CSC)
In Madhya pradesh, NICT is setting up 2158
common service centers (CSC). They have also
established separate CSC project teams in Indore
and Ujjain division at district and block level for
better and smooth implementation of policies of
project.

2.

Activities of e-government
Within C2G, G2G, G2C, G2E, and G2B, four
kinds of activities take place 2,3.
1. Pushing information over the internet, e.g.: regulatory
services, general holidays, public hearing schedules,
issue briefs, notifications, etc.
2. Two-way communication between the agency and
stakeholders. In this model, users can engage
in dialogue with agencies and post problems,
comments, or requests to the agency.
3. Conducting transactions, e.g.: lodging tax returns,
applying for services and grants etc.
4.	Governance, e.g.: to enable citizen transition
from passive information access to active citizen
participation by: informing the citizen, representing
the citizen, encouraging the citizen to vote, consulting
the citizen, and involving the citizen.
3.	Disadvantages of e government
The main disadvantages concerning e-Government
is the lack of equality in public access to the internet,
illiteracy, electricity problem, reliability of information on
the web, False sense of transparency and accountability,
Hyper-surveillance, cost (computer and internet connections)
and hidden agendas of government groups that could
influences and biased public opinions. There are
many considerations and potential implications of
implementing and designing e-government, including
disintermediation of the government and its citizens,
impacts on economic, social, and political factors,
vulnerability to cyber attacks, and disturbances to the
status quo in these areas 4.
4.
•
•
•
•
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Advantages of e-government
The ultimate goal of the e-Government is to be
Provide information of public services to citizens
in an efficient and cost-effective manner.
To m a i n t a i n t r a n s p a r e n c y i n g o v e r n m e n t
policies.
To reduce the cost and time.
To implement these tasks efficiently with more
convenience to individuals.

•
•
•

To increase the involvement of citizens in govenrment
policies.
To increase the involvement of citizens in general
electrions.
To reduce corruption.

5.	Madhya Pradesh e-government
The Madhya pradesh government is shifting the
government working culture to paper less by adopting
e-government. Department of Information and Technology
government of Madhya pradesh has started “MP Email
policy 2014” 5. The objective this policy is to provide
information access to all citizens at an affordable cost.
The MP government is started MP online portal to
carry out various processes related to MP citizens.
MP Online has presence in all 51 districts, over 350
tehsils of the state delivering its services through more
than 10000 KIOSK. MP Online provides a number of
services for various government departments related
to admission into various educational boards, online
assessment for recruitment, counseling for admission into
various colleges, bill payments, reservation for forest
excursion booking, donation for religious services and
admission process into various universities 6. Similarly
MP government, through its official website government
started online service of various departments to provide
the information to citizens. These include 7.
•
Transport department- Online permit systemstage carriage temporary permit (inter state),
online permit system - stage carriage permanent
permit (inter state), Online permit system- stage
carriage temporary permit( regional), online permit
system - stage carriage permanent (regional),
objection on permit application, check permit
application status, learner driving license (new),
permanent driving license (new), permanent driving
license duplicate /lost, permanent driving license
conversion, permanent driving license renewal,
dealer point enrollment system, e – Sewa, sample
test (learner license).
•
Commercial tax department - VAT Registration,
CST Registration, PT Employer Registration,
PTPerson Registration, Hotel Tax Registration, BT
Registration, Returns, and Declaration Form.
•
School education - Free bicycle distribution scheme
(year 2011-12), inclusive education for children
with disabilities [secondary Stage (IEDSS)], Sudama
Pre-Matric Scholarship Scheme, Swami Vivekanand
Post-Matric Merit Scholarship Scheme, Sudama
Scholarship Scheme, Dr A P J Abdul Kalam
Encouragement Scheme for brilliant student, Other
Scholarships for Military School - Rewa, Sanskrit
Scholarships Scheme, Incentive scheme for talented
children, and Free Text-book Scheme.
•
Higher education- Distribution of free text books
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•

•

•
•
•

and stationery to students (who belong to Scheduled
Caste and Scheduled Tribe), Integrated Scholarship,
Scheme of scholarship for the children of landless
agricultural workers to gain professional education,
Ph.D. Research Scholarship for SC and ST students,
Gaon ki Beti Yojana, Pratibha Kiran, Vikramaditya
Free Education Scheme for talented poor students
of general category.
Technical education - Computer Training Scheme
to increase employability among young men and
women (for SC and ST categories), Rural Engineer
Scheme, Scholarship Scheme for students, who
belong to general poor family.
Women and child development - Ladli Lakshmi
Yojana, Mangal Diwas Yojana, Prenatal assistance
scheme for very poor women (God Bharai). MP
government website ladlilakshmi.com has received
scoch order of merit award on 19 September
2014.
Public relations- Journalist Welfare Fund
Culture - Financial assistance to necessitous
authors, artists and their dependents, assistance from
Madhya Pradesh Artists and Welfare Fund.
Medical education - Scholarship Scheme for the
students, who belong to general poor family.

6.	Conclusion
A clear road map with a set of milestones is
outlined by the Government of India with the ultimate
objective of transforming the citizen-government
interaction at all levels to the e-Governance mode
by 2020. Services produced at a reduced cost, or
made more widely available are becoming a feature
of these e-Governance experiments. Madhya Pradesh
government is adopting the paper less culture by
using e-Governance. The MP government has started
MP online portal to provide information at district
and tehsil level through kiosks.

fu’d’kZ
Hkkjr ljdkj }kjk ukxfjd&ljdkj dh vU;ksU; fØ;kvksa
dks lHkh Lrjksa ij o"kZ 2020 rd bZ&xousZUl eksM esa cny nsus
ds vafre mís'; ds lkFk ,d Li"V dk;Z&;kstuk dh :ijs[kk
rS;kj dh xbZ gS ftlesa dbZ ehy ds iRFkj gaSA ?kVh gqbZ ykxr
ij lsok dks çnku fd;k tkuk] ;k mUgsa vf/kd O;kid rkSj ij
miyC/k djk;k tkuk bu bZ&xousZUl ç;ksxksa dh fo'ks"krk cu
jgs gSaA e/; çns'k ljdkj bZ&xousZUl dk mi;ksx djds dkxt
foghu laL—fr viuk jgh gSA e/;çns'k ljdkj us NksVs dsUæksa
¼fd;ksLd½ ds ek/;e ls ftyk vkSj rglhy Lrj ij lwpuk,a
çnku djus ds fy, ,eih v‚uykbu iksVZy 'kq: fd;k gSA
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lwpuk çkS|ksfxdh dk vuqç;ksx & gFkdj?kk cqukbZ esa cqus fMtkbu dk mRiknu

Application of Information Technology in Woven Design Generation in Handloom Weaving
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lkjka”k
gFkdj?kk cqukbZ esa cquh gqbZ fMtkbu dk mRiknu ckgjh fMtkbu lzksr ls dj?kk ¼ywe½ ‘ksfMax çfØ;k esa ,d
çdkj dk tkudkjh gLrkarj.k gSA vyx&vyx le; vof/k ds nkSjku bls fofHkUu rjhdksa ls fd;k tkrk jgk gSA
çkphu dky esa] tkudkjh gLrkarj.k nLrh rkSj ij fd;k tkrk FkkA ¼/kkxk lewg }kjk½ blds ckn gFkdj?kk cqukbZ esa
tkudkjh gLrkarj.k ds fy, vnkb@taxw vkSj fNfær dkMksaZ dh fof/k dks viuk;k x;kA ;s os rjhds gSa ftUgsa “ksfMax
çHkko mRiUu djus ds fy, cqukbZ fMtkbu MsVk LFkkukarfjr djus ds fy, ç;ksx dh tkus okyh vkt dh lwpuk
çkS|ksfxdh dh Js.kh dk ekuk tkrk gSA bl vkys[k dk eq[; mís’; ;g crkuk gS fd vkj,l 485 lhfj;y cl
baVjQsl lfgr eYVhehfM;k eseksjh dkMZ ds lkFk bysDVª‚fud dkMZ ysl tSdkMZ ds Lons’kh fodkl dk mi;ksx dj
lwpuk çkS|ksfxdh dks Hkfo’; ds ifj–’; esa gFkdj?kk cqukbZ fMtkbu mRiknu ds fy, çHkkoh <ax ls dSls viuk;k
tk ldrk gSA
Abstract
The woven design generation in handloom weaving is a kind of information transfer from external
design source to loom shedding process. It has been carried out by various methods during different time
periods. During ancient period, the information transfer occurred manually by hand work. Next Adai/
Jungu (by thread group) and punched cards have been adapted for information transfer on handloom
weaving. These are the methodologies which are considered as today category of information technology
in order to transfer woven design data to make shedding effect. The main objective of this article is
how effectively information technology would be adapted for handloom woven design generation in
tomorrow scenario by using indigenous development of Electronic Card less Jacquard with Multimedia
Memory card with RS485 Serial Bus interface
Keywords: Information technology, woven design, shedding, Jacquard, RS485

1.

Introduction
An electronic jacquard mechanism uses electromechanical system to lift the warp threads found on
the loom. Developed system has no perforated cards
for generating woven designs; instead raw binary
information is read from the multimedia memory card.
The developed device reads the multimedia memory
card and does the appropriate warp lifting and the
design is generated in the Handloom Weaving. The
weft thread insertion is done manually.
Hence, this system would involve very low
recurring cost for new designs of large size which
often changeable. Now, the technology supports for
larger size in a compact form. Hence there is no
limitation on variety of designs.

The developed system supports the maximum hooks
capacity up to 16384 (means 16384 pixels in width of
designs). The client-server architecture is formed with a
single server (Master controller) and maximum of 256
nos. of RS485 clients. Every RS485 client is capable
of controlling 64 hooks. Based on this architecture the
system could support up to 16384 hooks.

2.	EMBEDDED SYSTEM IMPLEMENTATION
2.1	Background
The main purpose of the Electronic Card less
Jacquard is to reduce the time consumption in preparing
the woven designs and transfer it into a handloom.
Also to make the handloom weaver’s into comfortable
weaving mode.
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In the conventional weaving practice, punched
cards are being used to generate the design on the
woven fabric. Due to this, frequent design changing
is quite impossible and it involves more recurring
cost to prepare the punched cards.
By frequent design changing, it would create a way
for competent marketing. Hence, the handloom weaving
community people livelihood gets improvement.
Figure 1 shows the general architecture of an electronic
card less Jacquard for tomorrow technology.

and performing file operations. The block level file
accessing method is implemented using fseek, fread
file system functions.
The master controller has been designed with real
time clock interface using DS1307 chip using I2C
interface, UART1 is assigned for RS485 Serial Bus
interface in Half-Duplex mode, SSP1 (Synchronized
Serial Port) is used for SD/MMC card interface, liquid
crystal display interface uses 4-Bit data mode for 4x20
text display and switches for input interface.
for (Pos=0;Pos<24;Pos++)
Data [0][Pos]= bdata [DCnt++];
Data [0][24]=’\0’;
for (Pos=0;Pos<24;Pos++)
Data [1][Pos]= bdata [DCnt++];
Data [1][24]=’\0’;
from the above code segment shows the woven design data
parsing in embedded “C” language is illustrated.

Figure 1. System Architecture of Electronic Card less Jacquard
(Tomorrow).

2.2	Master (Server) Controller Features
The master controller has been developed using
LPC2148 Microcontroller. The master controller has
been organized to facilitate several functions like
initialize, forward, reverse, play, pending movement,
flag resetting, navigation step value adjustment, and
pending movement step value adjustment to control
the shedding device.
The master controller has a display to show the
size of the design information (width and height) along
with current row number, mode of operation such as
discrete and continuous and working status.
The master controller has a multimedia memory
card interface to access the design source upon the
user play request or foot pedal operation. Once the
woven design information is retrieved from the input
source it is segmented into several parts which are
equal to the number of client modules cascaded and
broadcasted with client identification over RS485 bus
interface.
The master controller embedded firmware incorporates
the file allocation table – file system for accessing the
woven design information. The secured digital/multi
media memory card is playing a vital role in keeping

2.3	RS485 Distribution
The Control Panel performing its functions as a
Server in order to control the RS485 Clients. Every
RS485 Client is configured with its ID. While controlling
the RS485 Clients by the control panel (Server), it uses
ID of the respective RS485 Clients to transfer data
and command. Once the RS485 client completes its
operation, the acknowledgement is sent by the RS485
client to server. After receiving the acknowledgement
by the server (control panel), it is ready for next
operation. The woven design data transmission over
RS485 takes place in the following format to buffer
the design pattern before execution.
CID
(1 to 256)

Rotation (F
/ R)

D1

D2

D3

D4

D5

D6

D7

D8

PC

Figure 2 . 	Woven design data transmission format for buffering
using RS485 Serial Bus.

2.4	Client Features
The client controller also developed using LPC2148
Microcontroller. The client controller main purpose is
to receive the woven design information from master
controller through RS485 half duplex interface.
After receiving the woven design information, it
performs parsing and delivers it to the Stepper motor
interface in TTL logic mode. Every client controller
has 8-Pin DIP Switch and it is configurable.
As and when the data comes, the client controller
locates the client ID from parsed data and it is compared
with client ID found in the hardware. When there is
a match then using the received woven design, data
it is transferred to Stepper motor interface.
The client controller features are controlled through
master controller by the RS485 data communication.
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Table 1. Woven Design data transmission detail
CID (1 to 256)

Maximum 256 Nos. of Clients could
participate

Rotation (F / R)

F denotes Forward Rotation
R denotes Reverse Rotation

D1

First LSB

D2

Second LSB

D3

Third LSB

D4

Fourth LSB

D5

Fifth LSB

D6

Sixth LSB

D7

Seventh LSB

D8

Most Significant Byte

PC

Pulse Count for the direction (Forward
or Reverse)

The status of the data reception, acknowledgement
transmission and stepper motor operation is display
on the LCD module.

2.5 Stepper Motor Synchronization
A Stepper motor converts electronic pulses into
proportionate mechanical movement. Each revolution
of the stepper motor’s shaft is made up of a series
of discrete individual steps. A step‘s’ defined as the
angular rotation produced by the output shaft each
time the motor receives a step pulse.
The step angle represents the rotation of the output
shaft caused by each step, measured in degrees. The
direction of rotation is determined by applying the
pulses to either the clockwise or counterclockwise drive
circuits. Rotor displacement can be very accurately
repeated with each succeeding pulse.
In this development every Stepper motor I/O
interface board is capable of controlling 8 numbers
of stepper motors. In the formation of shedding,
irrespective of the number of stepper motors all are
happen to execute simultaneously. To achieve this
effect double level layer digital logic system has
been implemented.
Based on the number of pulses configured as per
the user requirement in the formation of shedding, every
pulse is sent to the I/O interface by the microcontroller
to the first layer of the latch system and subsequently
a common enable signal is sent to the second layer
of the latch systems. This process is repeated for
configured number of pulses.
The Fig. 3 shows that U1 is layer 0 and U2 is layer
1 to send the data to the stepper motor driver logic.
The layer 0 is selected by Decoder Logic (74LS138)
and layer 1 is selected by the common signal.
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Figure 3. Stepper motor synchronization logic.

2.6	TTL Logic Data Transfer (Client controller
Side)
Transistor-transistor logic (TTL) is a digital logic
design in which bipolar transistor is act on directcurrent pulses. Many TTL logic gates are typically
fabricated onto a single integrated circuit (IC). A TTL
device employs transistors with multiple emitters in
gates having more than one input.
TTL is characterized by high switching speed
(in some cases upwards of 125 MHz), and relative
immunity to noise. Its principle drawback is the
fact that circuits using TTL draw more current than
equivalent circuits using metal oxide semiconductor
(MOS) logic. Low-current TTL devices are available,
but the reduced current demand comes at the expense
of some operating speed.
Every client architecture is capable of controlling
8 stepper motor I/O interfaces and every stepper
motor I/O interface is capable of controlling 8 nos.
of unipolar stepper motors (every individual stepper
motor is given a 12V DC power supply).
This electronic card less Jacquard uses positive
logic for selection.
After latching the 8-bit data to the first level latch
one after another, at last using the P0.20 pin of the
client architecture the second level latch is enabled for
the stepper motors simultaneous movement effect. This
data latch and P0.20 pin enabling will be repeated for
the number of steps as per the requirement. Figure 4
shows the decoder logic to select the latch.
Table 2. Decoder logic pin input for stepper motor interface
Port Pin Number

Purpose

P0.28, P0.29, P0.30

Decoder input for selecting the
stepper motor I/O interface for
data transfer

3.	REAL WORLD IMPLEMENTATION
This electronic card less Jacquard system would
help the handloom owners/entrepreneurs/potential
investors and they would get a fair idea of various
benefits, viability and profitability while implementing
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Table 3. Data latching
Port Pin Number

Purpose

P0.18
P0.19
P0.21

Data latching – Decoder logic - pin input
for Stepper motor I/O interface

P0.10
P0.11
P0.12
P0.13
P0.14
P0.15
P0.16
P0.17

Input data lines for two stepper motors.
(Every stepper motor requires 4 lines for its
movement)

Figure 5. Design conversion process.

this. The developed system design transformation
mechanism is shown in Fig. 5.
The embedded technology based electronic card
less Jacquard for handloom weaving controls the warp
threads by Bottom-Closed shed mechanism, which in
turn generates woven designs. The total capacity of
the developed Electronic card less Jacquard shall be
configure up to 16384 hooks by cascading 128 hooks
module. This information technology tomorrow uses a
modular construction. Every Jacquard module consists
of 64 hooks.

4.	RESULTS AND DISCUSSIONS
Electronic card less Jacquard loom leads to new
business venture by manufacturing ornamental fabric.
This model enables the student community from

Textile faculties by the dynamic design adaptation in
weaving principles.
Electronic card less Jacquard has been developed
with feather touch enabled switch/pedal switch. By
this way the weaver would feel very comfort (without
physical strains) while weaving and also there is an
improvement in their productivity. This implementation
causes the weavers to work without health hazard
problem.
Electronic card less Jacquard enables the weaver
to generate shedding movement according to the woven
design information without using heald frames.
By the conventional method of punched cards
system, it is quite impossible to keep the punched cards
for the larger designs due to its more occupation and
weight. Also during the rainy season the perforated
cards will not roll in smooth manner, since the punched
cards are made up of paper particle.

Figure 4. Decoder model data latching for stepper motor.
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In the conventional method, when a new design
is introduced the total set of cards of the Jacquard
has to be replaced and this involves a lot of money.
Due to the above practical intricacies the weavers
are less likely to introduce new designs with their
increasing recurring cost. As a result, they will not
be able to compete in the market without frequent
new designs.
Due to this product development process no punched
cards are required, since the SD/MMC storage module
is used to keep large woven designs. Hence for every
production (fabric) a new design is introduced. Hence,
this mode of weaving leads them to have business
competency.
The information technology, would bring our Indian
handloom industry to the modernized development
in terms of comfortable weaving with livelihood
improvement. Figure 6 shows the sample woven design
used by the information transfer on the Electronic
Card less jacquard.
Figure 7 shows the typical construction of a 128
hooks electronic Jacquard for handloom weaving using
embedded technology.

Figure 7. Complete view of 128 hooks electronic cardless
Jacquard.
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Figure 6. Sample Woven Design.

5.	FUTURE SCOPE
The information technology, in handloom weaving,
based on the woven design size the jacquard size in terms
of hooks gets varied. In future this development shall
be adapted for rich woven designs. Hence, this working
model can be enhanced to support 512/1024/2048/4096
hooks etc,
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lkjka”k
lwpuk çkS|ksfxdh fdlh Hkh fo’k; esa tfVy leL;kvksa ds lek/kku çLrqr djus esa l{ke gSA blus [kk| çlaLdj.k
,oa Ms;jh ds {ks=ksa tSls baVjusV }kjk vkWuykbu mRiknu dh fuxjkuh] laosnh ewY;kadu] xq.koÙkk ,oa çfØ;k fu;a=.k
vkfn esa Hkh egRoiw.kZ ;ksxnku fn;k gS- xr n”kdksa esa Ms;jh Ø;] çfØ;k rFkk forj.k laca/kh dk;ksaZ dk ;a=hdj.k ,oa
Lopkyu gksus ls dk;Z rhozrk ls gksus yxk gS- ;|fi ;a=hdj.k dk çeq[k mís”; etnwjh ds vR;kf/kd [kpksaZ esa deh
ykuk gh Fkk rFkkfi /khjs&/khjs fo/ks;dksa }kjk ykxw fd, x, lqj{kk ekudksa ij Hkh /;ku vkdf’kZr gksus yxkA vktdy
[kk| mRiknu ls tqM+s lqj{kk çko/kku Ms;jh mRiknu ds ;a=hdj.k ,oa Lopkyu esa eq[; Hkwfedk fuHkk jgs gSaA
Abstract
Information technology has emerged as a frontier know how for addressing complex problems related
to any subject. IT has played a significant role in food and dairy processing as well, particularly online
production monitoring, image processing, sensory evaluation, quality control, process control, etc.,
in addition to routine applications such as word processing and graphics. Over the last few decades,
unit operations pertaining to procurement, processing and distribution in the dairy and food sector is
inclining towards mechanization and automation very rapidly. The main driving force at the beginning for
mechanization was economic reasons, such as labour costs. Gradually, safety considerations, mandated
by legislatures, entered the scene. Nowadays food safety policies became the major factor for the
mechanization and automation of the process of food production.
Keywords: Automation, dairy industry
1.

Automation meaning and definition
The word ‘Automation’ is derived from Greek
words Auto (self) and Matos (moving). The process of
performing an activity by a mechanical device may be
referred to as automation. In general, automation could
be considered as a process that started with machines
doing the heavy work, while humans maintained
the function of telling the machines what to do.
However, automated systems achieve significantly
superior performance than what is possible with
manual systems, in terms of power, precision and
speed of operation.
Automation may be defined as a set of technologies
that results in operation of machines and systems
without significant human intervention and achieves
performance superior to manual operation.

2.	Types of Automation Systems
Based on the flexibility and level of integration
in manufacturing process automation systems can be
categorized as follows

2.1	Fixed Automation
Fixed automation system is commonly used in case
of high volume production with dedicated equipment,
which has a fixed set of operation and designed to
be efficient for this set. Continuous flow and discrete
mass production systems use this automation. e.g.
distillation process, conveyors, paint shops, transfer
lines, etc. A process using mechanized machinery to
perform fixed and repetitive operations in order to
produce a high volume of similar parts.
2.2	Programmable Automation
It is used for a changeable sequence of operation
and configuration of the machines using electronic
controls. However, non-trivial programming effort may
be needed to reprogram the machine or sequence of
operations. Investment on programmable equipment is
less, as production process is not changed frequently.
It is typically used in Batch process where job variety
is low and product volume is medium to high, and
sometimes in mass production also. e.g. in steel rolling
mills, paper mills, etc.

managing information technology

2.3 	Flexible Automation
It is used in flexible manufacturing systems (FMS)
which is invariably computer controlled. Human
operators give high-level commands in the form of
codes entered into computer identifying product and its
location in the sequence and the lower level changes
are done automatically. Each production machine
receives settings/instructions from computer. These
automatically loads/unloads required tools and carries
out their processing instructions. After processing,
products are automatically transferred to next machine.
It is typically used in job shops and batch processes
where product varieties are high and job volumes are
medium to low.
3.

Integrated Automation
Integrated automation system is a complete
automation of the manufacturing plant. The process
functioning is controlled through computer system
and under coordination through digital information
processing. It includes technologies such as computeraided design and manufacturing, computer-aided process
planning, computer numerical control machine tools,
flexible machining systems, automated storage and
retrieval systems, automated material handling systems
such as robots and automated cranes and conveyors,
computerized scheduling and production control.
It may also integrate a business system through a
common database. In other words, it symbolizes full
integration of process and management operations
using information and communication technologies.
Typical examples of such technologies are seen in
advanced process automation systems and computer
integrated manufacturing (CIM).
4.	Necessity of Automation
Eventhough food safety and security concerns
are the major driving force for the implementation of
automated system in the food processing plants; the
industry faces other additional emerging drivers that
further accentuate the importance of implementing
automation as soon as possible. Integrated automation
can help food and beverage manufacturers address
these below emerging trends while providing important
safety benefits.
• Customer or consumer demands
• Labour availability and reliability issues
• Labour laws
• Regulatory requirements
• Supply-chain management
5.

Advantages of Automated
systems
Automated systems have got the following advantages
over the manual controlling systems
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•
•
•
•
•
•
•
•
•
•

Production of consistent quality goods
Reduction in production costs
Flexibility to meet market demands
Adoption to constantly changing legal demands
Ensures high and consistent product quality
Increases production
Reduces losses
Guarantees a safe operation
Ensures manpower savings
Allows for efficient production planning, execution
and reporting
Overall, the aim of automation in a dairy or food
processing plant or any production unit is to meet the
company need to produce goods safely, in a cost-effective
manner, with high and consistent quality and in the
appropriate quantities to meet market demand.

Figure 1. Typical automated system in the dairy plant

6.

Architecture of Automation
System
ERP – Enterprise resource planning
MES – Manufacturing execution system
PC – Production control
Various components in an industrial automation
system can be explained using the automation pyramid
as shown above. Here, various layers represent the
wideness (in the sense of no. of devices), and fastness
of components on the time-scale.
Sensors and Actuators Layer: This layer is
closest to the processes and machines, used to translate
signals so that signals can be derived from processes
for analysis and decisions and hence control signals
can be applied to the processes. This forms the base
layer of the pyramid also called ‘level 0’ layer.
Automatic Control Layer: This layer consists of
automatic control and monitoring systems, which drive
the actuators using the process information given by
sensors. This is called as ‘level 1’ layer.
Supervisory Control Layer: This layer drives
the automatic control system by setting target/goal
to the controller. Supervisory Control looks after the
equipment, which may consist of several control loops.
This is called as ‘level 2’ layer.
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Production Control Layer: This solves the decision
problems like production targets, resource allocation,
task allocation to machines, maintenance management
etc. This is called ‘level 3’ layer.
Enterprise control layer: This deals less technical
and more commercial activities like supply, demand,
cash flow, product marketing etc. This is called as
the ‘level 4’ layer.

7.	Conclusion
Automation can address the critical issues of product
safety and security both proactively and reactively
with its integrated logistics, material handling and
warehousing systems. Proactively, automated systems
reduce the number of people with direct access to
products. This alone can improve product reliability
significantly while reducing the risk of catastrophe.
Reactively, automated systems include up-to-the minute
track-and-trace functionality. This key feature of
automation can easily facilitate any recalls that may
be required. But beyond enhancing food safety and
security, a fully integrated automation system can
provide many compelling business benefits. Advanced
automation systems increase visibility into foodmanufacturing operations by improving the transparency
and traceability of vital business information. The
result is lower labour costs, increased productivity,
reduced scrap and waste, and meeting, and even
anticipating, the continually increasing societal and
legal demands.

fu"d"kZ
Lopkyu }kjk Ms;jh m|ksx ds gj ,d {ks= esa lqjf{kr
mRiknu ,oa lesfdr lapkyu lEHko gks ldrk gS- blds fy,
U;wure dkfeZdksa dh vko”;drk gksrh gSA ;g tksf[ke dks de
djrs gq, mRiknu dh fo”oluh;rk dks c<krk gSA Lopkyu
}kjk çfr{k.k gksus okyh ?kVukvksa dk irk pyrk gS ftlls
çfØ;k laca/kh fofHkUu lq/kkj lEHko gks ldrs gSa- vk/kqfud
Lopkyu ra= lqjf{kr mRiknu ,oa lesfdr lapkyu ds lkFk&lkFk
[kk| mRiknu ls tqMh lHkh çfØ;kvksa esa ikjnf”kZrk Hkh ykrk gS
ftlls csgrj O;kikj gsrq egRoiw.kZ tkudkfj;k¡ miyC/k gksrh
gSA bldh lgk;rk ls lkekftd ek¡x dh vkiwfrZ gsrq ykxr esa
deh ,oa U;wure Nhtr }kjk vf/kd mRiknu lqfuf”pr fd;k
tk ldrk gSA
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lkjka”k
Hkkjr tSls fodkl”khy ns”k esa] Ñf’k mRiknu esa m|ferk fodkl vkfFkZd o`f)] lkekftd fLFkjrk vkSj lekurk
esa egÙoiw.kZ ;ksxnku dj ldrs gSaA deZ”kfDr ekax ds Ik”kq&m|eksa okyh fefJr [ksrh dks xzkeh.k yksxksa esa Ñf’k vk;
vkSj ?kj ds iks’k.k dh fuf”prrk c<+kus ds fy, izksRlkfgr djuk pkfg,A xzkeh.k vkcknh dh lkekftd vkfFkZd
fLFkfr esa lq/kkj djus ds fy, dqDdqV {ks= esa cgqr laHkkouk,¡ gSaA Hkkjr esa dqDdqV ¼iksYVªh½ fofo/khdj.k ds fy,
cgqr xqatkb”k gS] pw¡fd ;gk¡ ij rqdhZ] cVsj] fxuh eqxhZ vkSj cÙk[k vkfn tSls if{k;ksa dh dbZ iztkfr;ksa ik;h tkrh
gSa ftuls fo”ks’k :i esa xzkeh.k {ks=ksa esa fu”kqYd Øe esa v/kZ o`f)dj iz.kkfy;ksa esa ykHk izkIr fd;k tk ldrk gSA
fu”kqYd Øe eqxhZ ikyu iz.kkyh esa lqfo/kkvksa vkSj midj.kksa ds fy, de fuos”k dh vko”;drk gksrh gS vkSj ?kj
ds ihNs okys vkaxu ¼fiNokM+k½ vkSj O;olkf;d m|e nksuksa ds fy, vkfFkZd :i ls Hkh ;s ,d O;ogk;Z vkSj yEcs
le; rd jgus okys i{kh gSaA izLrqr ys[k esa ,d laf{kIr rjhds ls bl rjg dh fofo/k iztkfr;ksa ds fy, izca/ku
izFkkvkas dk o.kZu fd;k x;k gSA
Abstract
In developing country like India, entrepreneurship development in agricultural production can contribute
significantly to economic growth, social stability and equity. Mixed farming involving demand driven
animal’s enterprises should be promoted to increase farm income and household nutritional security in
rural peoples. Poultry sector has an enormous potential to improve the socio-economic status of rural
population. There is considerable scope for poultry diversification in India, as there are several species
of birds like turkey, quail, guinea fowl, duck etc. that can be reared profitably in free range or semi
intensive systems especially in rural areas. Free-range poultry rearing method requires low investment
in facilities and equipment’s and it is a viable and sustainable bird both for backyard and commercial
venture in economic point of view. This article is describing the mangemental practices for such diversified
species in a concise manner.
Keyword: Poultry production, animal enterprise, poultry management

1.

Introduction
In developing countries like India where the
majority of population belongs to rural and agricultural
background, mono-species farming cannot meet the
requirement of these farmers. For sustainability mixed
farming model is economically viable. Mixed farming
involving demand driven animal’s enterprises should
be promoted to increase farm income and household
nutritional security. Traditionally poultry production
mainly involves rearing of chicken. But looking at the
present scenario, diversification or alternate poultry
production in India is gaining momentum and attention
from the farmers, entrepreneurs, professionals and
researchers. It is used for food, game, fancy, pet,
and also for research purposes. Diversification of
poultry such as Turkey, Quail, Guinea Fowl, Emu,
Duck and Pigeon are the precious genetic resources

for diversified poultry production system in India.
Poultry farming is labor intensive, requires minimum
capital and ensures quick returns.Present article covers
the various managemental practices of these alternate
poultry species available in the country.

2.	TURKEY PRODUCTION
Turkey is mainly reared for meat and is quite
popular in many western countries. In recent Turkey
birds in India have also gained some popularity as
an alternative to broiler chicken. Still it is at the
stage of infancy and need to be popularized among
farmers to provide diversified food and employment
to rural youth.
2.1	Varieties of Turkeys in India
Turkeys are not classified into breeds, However,
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there are seven standard varieties of turkeys viz.
Large White (Broad Breasted White), Bronze (Broad
Breasted Bronze), Beltsville Small White, Bourban
Red, Black, Slate and Narrgansett.

2.2	Rearing and Management
The management of turkey poults (young chicks)
is almost similar to that of chicken. Turkey poults
grow very rapidly and for the best performance they
should never be over crowded. One sq. foot of floor
space per poult is recommended during the first 3-4
weeks and thereafter up to 8th week; the floor space
is to be increased to 1.5 sq. ft per poult. Thus, a
compartment of 10x10 ft will be suitable for housing
100 poults up to 4 weeks of age and thereafter, they
may be transferred to a compartment of 10x15 ft for
further floor brooding until 8th week. From 8th to 12th
weeks of age, the floor space should be increased to
2 sq. ft. per growing poult and thereafter until 16th
weeks of age, the minimum floor space allowance
is 2.5 sq.ft per poult. After 16th week onward they
require 3-5 sq. ft. per turkey. For small type turkeys,
the floor space requirements may be reduced slightly.
The building should have good floor that can be easily
cleaned and disinfected. Cement floors are preferred
for the purpose. Turkeys are generally reared on range
or in deep litter system, as cage system is not much
popular except for small flocks or for research. The
advantages of deep litter system compared with range
system include excellent protection against predators
and adverse weather, lower land cost, low labour cost,
disease prevention and convenience of management.
2.3	Nutrition and Feeding
The turkey is a very rapidly growing bird. Achieving
such rapid growth rates requires high nutrient intake.
The turkey has very low fat content compared to other
commercial avian species. For this, turkey diets have
a narrower energy to protein ratio than those of other
species do. Most of the nutritionist, because of lack
of information, uses the same ME value and available
amino acid values of ingredients for turkey as are
used for chicken. This is not correct as the turkey
obtained relatively more energy from ingredients high
in fiber than that of the chicken. Nation Research
Council (1994) recommended 28% protein and 2800
Table 1. Feeding programme for growing poults
Age of poult
(weeks)

Type of feed

Protein Energy
(%)
(Kcal/kg)

0-6

Starter diet

28

2800

6-8

Grower-First diet

26

2800

8-20

Grower-Second diet

22

3000

20- Market

Finisher diet

14

3300

kcal/kg energy during starter period (0-6wks) which
changes gradually to 14% protein, and 3300 kcal/kg
energy at finisher stage (20-24 wks). The feed can be
presented either as mash, pellets or as combination
of protein supplement plus grain. Turkeys require
more protein, minerals and vitamins than chicken to
support the fast growth and therefore, turkey rations
are costlier than chicken rations. Since energy and
protein requirement of the two sexes vary, they must
be separated at the time of hatch and reared separately
for obtaining better results.
Turkeys are good foragers. If good green fodder is
available on the range, there will be less consumption
of expensive food there by reducing the cost of feeding
programme. Generally a tender alfa alfa, white dutch
clover, young tender grass, green grain sprouts chopped
into short lengths and fed once or twice daily are
good for poults. Even if the fresh lawn clippings,
garden vegetables and outer leaves of cabbage can
be fed to poults. When roughage materials are fed
the insoluble grits should be provided to the birds.
Research conducted at Central Avian Research Institute,
Izatnagar revealed that green berseem can be fed to
the growing poults and laying birds by replacing
30-35% of conventional feed without affecting the
production levels.

Figure 1. Turkey rearing on different types of floor

2.4	Health Cover
Normally, losses from diseases are not much of
a problem with small turkey flocks, however, losses
occur occasionally. Commercial flock owners should
expect a mortality of somewhere between 3 and 5 %.
Turkey are relatively more resistant to some of the
diseases compared to chicken. Infection from Marek’s
disease and infectious bronchitis are extremely rare.
Ranikhet disease, fowl pox and coccidiosis occur
only in mild form. The most common diseases are
fowl cholera, fowl typhoid, blackhead, and infectious
sinovitis and round worm infestation. Vaccination in
turkeys is mostly carried out to prevent important
viral diseases.
3.

QUAIL PRODUCTION
In the chicken dominated poultry industry, Japanese
quail provides better means of diversification and
will be proving to be complimentary. Japanese quail
has some distinct characteristics like fast growth,
early sexual maturity, short generation interval, high
45
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adaptability, high rate of lay and requires very less
feed and space. It is resistant to common poultry
diseases like Ranikhet disease. Further, quail is a
better converter of feed into eggs that producing twice
as much egg mass per kilogram body weight. Several
attributes of this species making it ideal for rural
poultry production for creation of rural employment
and protein source to rural farmers.

3.1	Breeds/Varieties
The yellowish speckled quails introduced originally
from USA. CARI Izatnagar have developed six varieties
viz; CARI Uttam, CARI Pearl, CARI Ujjawal, CARI
Sweta, CARI Brown and CARI Sunheri with different
plumage pattern that have more body weight, complete
white feathers and bigger egg yield than the traditional
varieties.
Table 2. Different quail varieties developed at CARI
Varieties

Type

Body weight Hatchability
(5th week) g (on total egg
set)

CARI Uttam

Meat type

240

70-75%

CARI Pearl

White egger

140

70-80%

CARI
Ujjawal

White breasted

175

65%

CARI Sweta

White feathered

155-165

50-60%

CARI Brown

Brown feathered

180-185

60-65%

CARI
Sunheri

Brown feather
white breasted

182

68%

3.2	Rearing and Management
The quail farm should be located at a distance not
less than 2.5-3.0 km. away from wildlife and forest
area where there is human habitation between the
farm and wildlife/forest notified area. Quail can be
reared successfully both in battery and on floor pens.
However, battery system of rearing appeared to have an
edge over the floor system since it reduced mortality
and improved body weight and egg production etc.
Quail can be houses in multideck colony or battery
cages (5-7 tiers). Hence, large number of birds can
be accommodated in a small place. Rearing space
required in floor type is 0.2 sq.ft /adult quail and
in cage (battery) system is 0.16 sq.ft /adult quail.
A floor area of 200-250 cm2 should be offered. 2-3
cm and 1.5-2.0 cm linear feeding and watering space
respectively are recommended for each bird. In litter
system 3-5 cm thick layer of suitable litter material
is spread on the floor of houses. Twenty-four hours
of light was found to be essential brooding up to 2nd
week of age, which can be reduced to 12 hours. The
room temperature should be a minimum at 210C (700F)
and 40-70 percent relative humidity is also desired.
14 to 16 hrs of photoperiod appeared to be adequate
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Table 3. Various housing requirement of quail
Item

Chicks
(0-3 week)

Grower
(4-5 week)

Adult
(> 6 week)

Temperature (O C)

37-38

21-22

21-22

R.H %

60-65

55-60

55-60

Floor space (sq. cm)

100-140

140-160

180-200

Feeder space (linear
cm)

2

2.5

3

Water space (linear cm)

1

1.5

2

to optimize production and reproduction.

3.3	Brooding
In quails 0-3 weeks period is called brooding
period; however in winter brooding period extended
up to 4th weeks. Quail is not the best starter in their
life and will really need some tender loving care to
go them safely through the first week of life. A 75
cm2 floor area per quail under the hover with similar
floor space per bird is recommended for 3-6 weeks old
chicks under cage system, whereas, it should be 200-250
cm2 when grown under litter system of housing. The
brooding of day old quails can be done using infra red
bulbs or gas brooders and traditional brooding system.
Starting temperature is 1000 F followed by reduction
of 50 F in every 4 days up to 3 weeks of age till it
reaches the room temperature. A 2 cm and 1cm linear
space per chick at the feeder and waterer respectively
is recommended during brooding period.

Figure 2. Types of housing system for quails

3.4	Nutrition and feeding
Proper nutrition is one of the most important
factor in quail production. Feed ingredients used in
chicken ration may also be used for quails. However,
the demands for some of the nutrients particularly
proteins, minerals like manganese, zinc, copper, iron
etc., and vitamin requirement is higher in quails because
of its fast growth. Among the essential aminoacids,
lysine, methionine and cysteine in starter/grower
diet and methionine and cysteine in layer diets are
usually limiting. A diet of 25 - 27 per cent protein
and 2800 Kcal ME/kg energy is recommended for
optimal growth up to 3 weeks of age. For growing
period of 4-5 weeks, 24 percent protein with the same
energy level is recommended. Layer quail should be
fed a diet with 22 percent protein and have 2700
Kcal ME/kg.
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3.5	Health cover
In quails the disease pattern remains the same
as that of chicken. Our experiences suggested that
they are more resistant than chicken. Quails do not
require any vaccination and deworming in their life.
Because, quails are reported to be resistant to Ranikhet
disease and ascardiosis (round worm). The commonly
encountered diseases are coccidiosis, necrotic enteritis
and aspergilosis.
4.

GUINEA FOWL PRODUCTION
Guinea fowl is much popular among marginal
farmers, tribes and pastoralists due to its inherent
hardiness, low input requirements and excellent forageutilization capacity. Since one of the main sources of
food for wild guineas is insects, they have gained
popularity for use in reducing insect populations in
gardens and around the home, especially because,
unlike chickens, they do not scratch the dirt much
and do very little damage to the garden. Other people
raise them for their unique ornamental value. Guinea
fowl is considered to possess relatively higher level of
tolerance for rigorous tropical climatic conditions.
4.1	Breeds/varieties
The descriptions of guinea fowl breeds/ varieties
are essentially based on the plumage colour variations.
Pearl, Lavender and White are the three main varieties
recognized world over. Akin to those similar feather
colour Kadambari, Chitambari and Swetambari have
been developed at the Central Avian Research Institute,
Izatnagar through selective breeding from a wide base
stock of indigenous Guinea fowl.
4.2	Rearing and Management
Guinea fowls can be reared either in free range, semifree range or intensive system. When kept intensively,
low light intensity should be used to reduce possible
flightiness. Traditionally, Extensive system of rearing
method is more common in India and most popular
in rural areas. Free range guinea fowl constitutes
an important resource for resource-poor farmers,
especially in developing countries. Average flock
size varies widely (15-200) in guinea fowl producing
pockets. While in semi-free range system birds were
enclosedby a wire fence 1.5 to 2 m height to evade
the predator attack. Management is entirely through
incorporation of family labour; two persons can easily
manage even a large flock. The birds usually rely
on the fallen grains, leaves, weeds, root-bulbs, fruits
and various insects Supplementary feeding, if any,
usually consists of waste grains, household waste and
crop residues. These birds can also be raised in the
modern intensive system characterized by high input,
good husbandry, hygiene and supply of balanced feed,

however this system is confined largely to Government/
public sector farms. In this type of rearing birds do
not have access to an outdoor enclosure and 3 to 5
birds can be kept in one square meter area but the
houses must be equipped with perches.

4.3	Breeding Management
Guinea fowls are mostly seasonal birds and lay
eggs during summer months. The laying season also
vary from latitude and local weather patterns. The
Pearl and Purple usually have the longest laying
season and the lighter colors have the shortest. The
number of eggs a guinea hen will lay depends on her
breeding and management. A hen that is of a good
stock and is carefully managed may lay 100 or more
eggs a year.
4.4	Nutrition
In the wild, guinea fowl eat a variety of foods
but most important are weed seeds, and waste grain
which fall to the ground after harvesting of crops.
Some common guinea fowl diet includes: fruits, berries,
seeds, grass, spiders, insects, worms, molluscs and
frogs. Since one of the main sources of wild guineas
is insects, guineas have gained popularity for use in
reducing insect populations in gardens and around the
home, especially because unlike chickens, they do not
scratch the dirt much and do very little damage to
the garden. Suitably formulated diets (starter, grower
and finisher) for guinea fowl are available from
commercial feed milers. It is recommended that they
should be given only mash or crumbles instead of
pelleted feed. They will not eat much supplemental
feed if they are finding plenty to eat on their own.
However, only give whole or cracked grains as a treat
or supplement, but not too much. The starter diet
should be fed to 4 weeks of age, followed by grower
diet 1 to 10 weeks of age, then the second grower
diet up to the time that the birds are marketed or
until they are selected for breeding. The starter diet
should contain 24% protein and should be fed for the
first 4 weeks. Grower ration of 20% protein should
then be fed until 8 weeks of age and a finisher diet
containing 16% protein fed until market age (14-16
weeks). At this age they should have reached average
live weight of 2 kg. Breeding birds are switched to
the breeding diet approximately 2 weeks before eggs
are expected. These diets will be supplemented by
range feed. A good commercial breeder mash, which
contain 22 or 24% protein, should be fed to laying
guinea hens.
4.5	Health cover
Domestic guinea fowl do not suffer from many
pests and diseases as compared to chickens and other
47
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poultry. Guinea fowls, though hardy and resistant, are
susceptible to viral diseases such as ranikhet; bacterial
infections (E.coli); protozoan diseases (coccidiosis)
and verminous infestations (round worms).

5.	EMU PRODUCTION
Emu is native to Australia, but spread all over
world and mostly concentrated in USA, China and
Australia. Emu population in India has touched to
almost above 50,000. Emu belongs to a group of
wingless bird called Ratite and has ability to withstand
wide climatic conditions. Emus are less susceptible to
most of the poultry diseases. They can be productive
for more than 30 years. Emu meat is an excellent
alternative for health conscious consumers. Emu oil has
anti-inflammatory property and helpful in alleviating
arthritis. Emu farming can be recognized as profitable
venture for rural youths to generate income and to
provide nutritional security to rural mass. There is no
organized market for Emu meat or its products which
may be due to lack of awareness and non-availability
of sufficient emu population.
5.1	Housing and feeding and management of
adult Emus
Emus are reared in open paddocks which will have
chain link fencing of 2x2 or 3x3 enclosure with 2 ft.
concrete wall construction on this chain link mesh
of 6 ft. ht. is erected. Night shelter is optional with
usual asbestos sheet roofing of 6 to 8 ft. Feeding is
given in feed troughs which are usually hung on the
fence and water is given in specially designed water
tank or troughs with good drainage. Feeding is done
twice daily and water to be provided adlib.
5.2	Breeding Management
Emus attain sexual maturity by 18 to 24 months.
Breeding occurs during winter season of the geographical
areas (October to February in India). They are monogamous
indicating one male for one female. In natural habitat,
the female mates with the male during breeding season
and gives a clutch of eggs. Later, male sits for brooding
on these eggs for a period of 52 days without food
and water. However, the female continues to breed
with new partners during the whole breeding season.
The chicks hatched out follow the male emu rather
than the female.
In commercial farming emus are paired in separate
enclosures after maturity depending on the compatibility
of the pair. Emu generally gives eggs during evening
between 5.30 to 7.00 p.m. Each adult emu after three
years can give an average egg production of 30 eggs
during breeding season between Octobers to February.
At Central Avian Research Institute, Izatnagar, recently
Emu has been introduced with an aim to carry out
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research on nutrition, management and development
of artificial insemination technique in emu.
5.3	Hatching of Emu eggs and chick
management
Emu eggs are emerald green in colour weighing
about 600 to 800 grams. The incubation period in
emu is about 52 days. The incubational requirement
of Emu eggs is different from that of chickens. The
dry bulb temperature inside the incubator should be 96
to 97oF and while wet bulb temperature is maintained
at 78 to 80oF (about 43% relative humidity) up to
48th day with regular turning mechanism at every one
hour. Emu chicks hatch out on 52nd day naturally;
sometimes assisted hatch is also carried out manually
by helping the chick to come out by opening the shell
at the head and toe positions. The normal hatchability
is about 80%.
Emu chicks weigh about 370 to 450 grams (about
67% of the egg weight). For the first 48 to 72 hours,
emu chicks are restricted to Hatcher itself for absorption
of egg yolk and proper drying. The brooding shed
would be prepared well in advance with thorough
cleaning and disinfection and flooring should be
covered with gunny bags to prevent slipping of legs
of young chicks. Emu chicks have long legs and are
very active, slippery flooring will make emu chicks to
have hip dislocation resulting in irreparable damage.
Arrange a set of brooder for about 25 to 40 chicks
giving four sq.ft. per chick for first three weeks.
Provide brooding temperature of 90o F for the first
ten days and 85oF till three to four weeks. Provide
feed and water with a brooder guard of 2.5ft height.
Feed starter mash for first 8 weeks. Provide sufficient
run space for the chicks to have healthy life.
Hence, floor space of 40ft x 30 ft is required for
about 40 chicks with outdoor space. As emu chicks
grow they require bigger size of waterers and feeders
and increased floor space for run. Feed the bird’s
grower mash till 42 weeks of age. 10% Greens (carrot,
papaya, cucumber) can be offered, deworm the birds

Figure 3
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once with broad spectrum anthelmatic /ivermectin and
vaccinate with R2b at 8th week and repeat at 40th
week against Ranikhet disease. Provide 40ft x100 ft
space for 40 birds.

6.	DUCK PRODUCTION
Ducks occupy an important position next to chicken
farming in India. They form about 10% of the total
poultry population and contribute about 6-7% of
total eggs produced in the country. Ducks are mostly
concentrated in the Eastern and Southern States of the
country mainly coastal region with non-descriptive
indigenous stocks, which however are poor layers.
Ducks have several advantages over other poultry
species, in particular their disease tolerance. They are
hardy, excellent foragers and easy to herd, particularly
in wetlands where they tend to flock together.
6.1	Breeds
Different breeds of ducks are usually grouped
into three classes: meat or general purpose; egg
production; and ornamental. Meat breeds include the
Pekin, Muscovy, Rouen and Aylesbury. Egg breeds
include the Khaki Campbell, Indian Runner and
the brown Tsaiya, . Four breeds of duck viz, Moti,
Desi (native), Khaki Campbell and White Pekin are
maintained, multiplied and propagated in coastal areas
by the Regional Centre Bhubaneswar of Central Avian
Research Institute, Izatnagar.
6.2	Housing and management
Ducks do not require elaborate houses. The house
should be well ventilated, dry and rat proof. The roof
may be of shed type, gable or half round. It may
have solid or wire floors. The wire floors are not
popular with breeders. Under semi-intensive system
the house should have easy access to outside run
as the ducks prefer to be outdoors during the day
time and even during winter or rains. Generally the
proportion of night shelter to outside run is 1/4:3/4.
The run should gently slope away from the houses
to provide drainage. Normally a continuous water
channel of size 50 cm wide and 15-20 cm. deep is
constructed at the far end, on both sides, parallel
to the night shelter, in the rearing or layer house.
Though duck is a water fowl and very fond of water,
water for swimming is not essential at any stage of

Figure 4. Rearing system of ducks

duck farming. However, water in drinkers should be
sufficiently deep to allow the immersion of their heads
and not themselves. If they cannot do this, their eyes
seem to get scaly and crusty and in extreme cases,
blindness may follow. In addition, they also like to
clean their bills periodically and wash them to clear
off the feed. While in meat strains a slight increase
in body weight of ducks at seven weeks of age has
been noticed (weight advantage of swimming ducks
to non-swimming ducks is 0.3%), but for egg laying
strains, swimming is a disadvantage.
Ducklings may be reared in intensive, semiintensive or range system. Under intensive system,
allow a floor space of 91.5 feet in deep litter and
29.5 feet in cages, up to 16 weeks of age. Under
semi-intensive system, a floor space 45.7 feet per
bird is allowed in night shelter and 30 to 45.7 feet as
outside run area per bird up to the age of 16 weeks.
The temperature under the hover should be 30oC for
the first few days. The temperature can be reduced
by about 3oC for every 2-3 days. During summer,
provision of heat for brooding can be stopped when
the ducklings are 8-10 days of age whereas during
rainy and cold season it may have to be continued
for a longer period (2-3 weeks). Ducklings can be
brooded using battery brooders as well. Though multitier battery brooders can be used single tier battery
brooders are easier to manage. Ducks lay their eggs
in the early morning. An average duck egg weighs
about 65-70 g. Ducks normally lay when they are
about 5-6 months of age. Peak production is obtained
5-6 weeks after commencement of lay. A photoperiod
of 14 hours is considered optimum for inducing high
egg production. Layer ducks must be provided with
nest boxes. A nest box measuring 30 cm wide, 45 cm
deep and 30 cm high would be sufficient. One nest
box for every three layers has to be provided.

6.3	Feeding
Ducklings can be fed with a mash containing 20%
protein and 2750 kcal/kg ME up to 3 weeks of age
and a mash containing 18% protein and 2750 kcal/kg
of ME from 4 th to 8 th week of age. The feed or
feed ingredients should be free of mould/fungal growth
and aflatoxin. Ducks may be grown on dry mash, a
combination of dry and wet mash or pellets. Ducks
prefer wet mash due to difficulties in swallowing dry
mash. The pellet feeding, though slightly costly, has
distinct advantages such as saving in amount of feed,
minimum wastages, saving in labour, convenience and
improvement in sanitary conditions. Ducks are good
foragers. The use of range, pond or supplementary
green feed, reduces the feed cost. Ducks should never
have access to feed without water. During the first
eight weeks, birds should always have access to feed,
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but later on they may be fed twice a day i.e. first in
the morning and then late afternoon. Khaki Campbell
duck consumes about 12.5 Kg. of feed upto 20 weeks
of age. Afterwards the consumption varies from 120
gm and above per bird per day and depending upon
the rate of production and availability of greens. The
feed should have 18% protein and 2650 K cal/kg of
ME. The feeder space suggested is 10 cm/duck. Under
intensive system a floor space of 3710 to 4650 cm 2
per duck is essential, but in cages it can be reduced
to 1350 cm 2. In semi-intensive system, a floor space
of 2790 cm 2 in the night shelter and 929 to 1395 cm 2
as outside run per bird would be adequate.

6.4	Breeding management
The most important points in selecting breeders viz:
large body size for the breed, vigour, egg production.
Breeders can be selected on body weight at six to seven
weeks of age. It is wise to select about 20% more
ducks and drakes than required. Unhealthy-looking
birds can then be culled as they mature. Other factors
to consider when selecting breeders are conformation,
feed conversion, and rate of feathering. It is preferable
to have drakes one month older than ducks, although
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birds of similar age perform satisfactorily. One drake
to five or six ducks is usually sufficient. Excessive
treading may injure ducks and this can be prevented
by removing one or more males. Injured ducks, if
penned apart, normally recover and return to full lay.
Breeders are best brought into production between
seven and eight months of age. Stock should be mated
at six to seven months of age or one month before
hatching eggs are required. Drakes will usually mate
with any duck.

6.5	Health Cover
Ducks are generally resistant to many diseases
than other poultry. In practical duck rearing the
diseases of importance are duck plague, pasteurellosis
and aflatoxicosis. Ducks are highly susceptible to
aflatoxicosis and can leads to 100% motility. The only
method of prevention of aflatoxicosis is to eliminate
the use of feed or feed ingredient having fungal or
mould growth. Effective vaccine against duck plague is
now available. Duck virus hepatitis is another disease
and that could cause heavy mortality of ducklings,
when they occur.
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ABSTRACT
Information technology can play a vital role by automating the fertilizing task of a farmer. This
will lead to increase in the efficiency and output of a single human labor. In this direction, Greenhouses
prove a means to grow vegetables all round the year in a small confined space. With this motive, in
this paper, an autonomous robot has been discussed which has been developed under the guidance of
professors of IIT Bombay, capable of fertilizing plants with different nutrient needs, in a greenhouse.
This robot can in itself cater to the needs of all opening up possibilities of highly dense greenhouses
with varying plant varieties at a low investment cost. A FIREBIRD V1 robotic platform has been used
to build prototype to demonstrate the fertilizing automation in a model greenhouse.
Keywords: Greenhouse, robot, FIREBIRD V, fertilizer

1.

Introduction
Information technology can play a vital role
by automating the fertilizing task of a farmer. This
will lead to increase in the efficiency and output of
a single human labor. In this direction, to increase
its agricultural productivity in order to become a
self-sustained nation, Greenhouses prove a means
to grow vegetables all round the year in a small
confined space such as even rooftops of buildings
in cities, in a controlled environment. Moreover this
helps in reducing the distribution costs. As of now
instead of transporting them from far away farms
or warehouses, they can be made more easily and
abundantly accessible.
Automated robots can monitor the health of
plants growing in the greenhouse, and then decide
the amount of fertilizers needed by each plant. By
indigenously developing such autonomous systems,
India can reduce its dependence on imported systems,

moreover providing cognitive development opportunities
to college students.
With this motive, in this paper, an autonomous
robot has been developed under the guidance of
professors of IIT Bombay, capable of fertilizing plants
with different nutrient needs, in a greenhouse. Thus
the earlier limitation wherein plants with similar
nutrient requirements were needed to be grown in
a greenhouse, is no longer an obstacle as now the
intensive human labor is not required to monitor
the varying requirements of the plants in a dense
greenhouse. This robot can in itself cater to the
needs of all opening up possibilities of highly dense
greenhouses with varying plant varieties at a low
investment cost. This robot can be mass produced to
cut down on its production costs, thus bringing the
advantages of economies of scales to the farmers in
form of a low price device capable of maintaining a
greenhouse. A FIREBIRD V robotic platform has been
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used to build prototype to demonstrate the fertilizing
automation in a model greenhouse.

1.1	Building Modules
The major building blocks in the robotic system
that needs to be designed have been identified as
follows:
•
Analog IR proximity sensors, position encoders
(velocity & position), battery voltage & current
monitor (smart battery charging)
•
SENSORS: White line sensors, Sharp IR range
sensor(distance sensing up to 80 cm), analog IR
proximity sensors, position encoders (velocity &
position), battery voltage & current monitor (smart
battery charging)
•
Actuators: DC motors, servo motors (mechanical
arm)
•
Indicators: Status display LCD, buzzer, indicator
LEDs
•
Power Supply: Battery power, adapter for auxiliary
power
•
Communication: RS-232 serial communication port,
USB communication for in-system programming,
wireless ZigBee Module
•
AVR-based Processing Unit: Atmega 2560 [2] (master

Figure 1. FIREBIRD V robot.

•

microcontroller), Atmega 8 [3] (slave uC) to make
control decisions like shortest path, fertilizer
dispensing control, etc.
Interfacing Unit: USB drivers, motor driver (ICL293D), Servo pad connected to ADC lines of
uC.

Figure 2. Receiver and slant wings.
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2.	HARDWARE REQUIREMENTS
Figure 2 represent the receiver and slant wings
respectively. To create this mechanical arrangement a
standard Atmega 2560 AVR based FIREBIRD V [4] robot
with LCD, etc., and properly calibrated White Line
sensor’s LED brightness have been used. Besides a
fertilizer container, a Y-shaped hollow pipe mechanism

Figure 3. Material used.

to carry the fertilizer, 2 SHARP sensors (GP2D12), 2
mini servo motors (fig. 3), metals strips to hold the
bottle (container), cylindrical mouth opening (outlet)
are required.
For the prototype, materials required are 0.75
inch electrical conduit pipes to create the Y-outlet,
24 cm vertical metal strips with one side (L-ended)
to hold the bottle in the vertical position by means
of screws, Z-shaped rectangular slotted metal sheet
holder to hold the servo firmly in its place, sharp’s
holding metal strips to create a trapezium opening
in order to enable the Y-shaped outlet to come out
without obstruction, nut & bolts, etc.
.
3. SOFTWARE REQUIREMENTS
•
Atmel Studio 6 used to write the program and
generate the .hex file.
•
NEX Robotics’s AVR Bootloader software for PC
which is used to write the .hex file to the robot
by means of USB serial communication via serial
communication [5].
•
NEX Robotics “Bootloader” code programmed
into the AVR microcontroller previously.

4.	DESIGN Analysis
A common bottle holding containment unit, which
feeds both the outlet sides slants has been chosen. It
contains one common storing unit, in case if all the
plants occur on one side of the robot only. In case of
two separate holders, one might get depleted entirely
as the pellets are given in limited amount. There is a
small CD sector cut out mounted on the axle of servo
under the final opening of the inverted Y-shaped tube,
which blocks the outlet when it is under the mouth
of the opening. When servo is rotated by a specific
amount, then the opening is without bounds, and pellets
drop into the slant and thus into the plant.
(a) To design the dispenser mechanism, servo motors
have been preferred because of the following
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advantages:
(b)	Need of the rotation by an angle between 90 0
and 180 0, which can be easily controlled using
the servo motors.
(c) It requires only one control pin as compared to
the five pins needed for the stepper motors.
It has a very low power requirement.
(d) The FIREBIRD V [6] kit has 3 easy-to-use servo
connectors onboard.
The stepper motor was not chosen because:
•
It is required to rotate the robot by a fixed constant
angle. Hence , the ability of a stepper motor, to
control the angle of rotation of axle dynamically
in small step values, in not needed.
•
A servo requires only 3 pins- Vcc, Gnd and a control
pin, as compared to a total of 5 pins required by
the stepper motors.
Similarly the DC motors wer e not chosen
because:
(a). Using a DC motor, the angle of rotation of axle
cannot be controlled.
(b). It has a higher power requirement.
(c). It will have to clear out C1&C2 external motor
interfacing ports, which requires the sacrifice of
other functions performed by Firebird kit, like
interrupt switch used for loading hex codes through
bootloader.

5.

ALGORITHMIC ANALYSIS
In this algorithm a logic has been devised such
that the bot is completely autonomous [7] in its tasks.
The bot is only fed with the sequence in which the
plant varieties (tuples) are to be fertilized, and then the
bot autonomously derives the shortest path acquirable
to fertilize all the plants of the same category by
manipulating the order in which plants are fertilized,
thus consuming minimum time. For this the greenhouse
is transposed to a hypothetical 2D axis plane assigning
coordinates to all plants.
The plant numbers are in a 2D “Plant [ ][ ]” array,
where columns represent tuples, and rows represent
the plants in a tuple. A lookup table concept is used
to access the coordinates assigned to each plant. Then
the distance of all the plants in a tuple from current
position is calculated. The least distance plant is
chosen. In case of a tie when equi-distant the plant
farthest from next tuple is chosen first. So that the
shortest path between 2 tuple is achieved.
After selecting the nearest plant, its targets (the
possible positions on the path of th e bot, standing
where the bot can fertilize the plant) are found. These
targets are then processed and the one at least distance
from the current position is chosen. In case of equ idistant targets, the distance of these targets is seen
from the next nearest plant, and so on and so forth

for all plants in the tuple. If the tie still exists, the
target which has least cumulative distance from all
the plan ts of the next tuple is chosen.

Once the final target is chosen then the bot
plots a way autonomously to reach the target
from its current position. This is done by first
matching the current y-axis position with that
of target. In case they are not the same, the bot
travels to the nearest node (intersection of two
paths), which is also nearer to the selected target.
The bot trav erses to the final selected node. For this,

the current y-coordinate is matched with that of the
target. After ordinate matching, the current position
abscissa is matched with the target’s x-position.
After reaching the desired target near the selected
plant, the bot fertilizes the plant by initially deciding
as to on which side of the bot the plant lies. Then
the respective servo is switched on for a specific
fixed amount of time (maintained by timer 3-overflow
interrupt) to drop desired quantity of fertilizer. Then
this entire process is repeated to serve all the plants
in the greenhouse.
The bot acts as a pseudo multi tasking processor
even though it can process only one task at a time,
because of the “FLAG” variable implemented in
the logic. The FLAG is assigned 0 value at the
commencement of each physical task(motion to next
immediate destination, fertilizing the plant, etc) and the
bot is then assigned a state such that it recommences
it’s processing for the next task to be performed after
completion of this task. Thus the THINKING state
of the robot coincides with the actual physical tasks,
whose end is denoted by the updation of FLAG variable
to value-1. Thus the precious processing time during
the motion to the next target is utilized to calculate
its entire path, which servo is to be switched on, and
which p lant/target is to be selected next.
The SHARP sensors used to detect the plant
are switched on only just 5cm before reaching
the plant, thus extending battery life and reducing
power consumption, and switched off after plant is
fertilized. The sharp sensors have a capability to
stop the bot as soon as the plant is detected, even
though the desired distance was not covered by the
position encoders. Also they have the capability
to move the bot another further 5 cm beyond the
position encoder’s value, to find the plant in case
of any manual mis-positioning of the plant. If still
the plant is not detected, then the plant is skipped
off, to avoid any time loss and loss of fertilizer
pellets.
Thus the system developed is efficient in every
sphere, may it be swiftness, or power consumption

or efficient use of resources.
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Figure 4. White line sensor.

5.1	Environment Sensing
The functioning of environment sensing technique
used by FIREBIRD V robot is as follows:
(a) White Line Sensor: used to detect the white line
on the floor. It consists of highly directional photo
transistor for line sensing and bright light led for
illumination. When the robot is not on the white
line, the amount of light reflected is less, hence
less leakage current flows to the photo transistor
and output voltage will be 2 to 3.3 volt. When
the sensor is on the white line more light gets
reflected, resulting in the fall of output voltage
(2 to 0.1 volt) (Fig. 4)
(b) Sharp IR Range Sensor: Used for accurate distance

measurement up to 80 cm. It consists of IR LED
and linear CCD array. When light hits the obstacle
and reflects back to the linear CCD array, the
angle of the reflected light varies depending on
the distance from the obstacle. This angle is
measured by using CCD array to estimate the
distance from the obstacles. (Fig.5)
(c) IR Proximity Sensor: Used to detect proximity
of an obstacle in the short range (about 10 cm).
These sensors sense the presence of the obstacles
in the blind spot region of sharp IR range sensor.
In the absence of obstacle, there is no reflected
light hence no leakage current will flow through
the photodiode and output voltage will be approx.
3.3 volt. As the obstacle comes closer more light
get reflected, resulting in the increase of leakage
current hence output voltage will fall.
(d) Position Encoder: They provide position & velocity
feedback to the robot. It consists of slotted disc
which rotates between optical transmitter and
receiver. When the slotted disc moves in between
the optical encoders, we get square wave signals
whose pulse count indicates the position, and
frequency indicates the velocity.

Figure 5. Sharp IR range sensors.

Figure 6. Position encoder.

54

Garg : Information Technology in Revolutionizing Agriculture

5.2	Navigation Scheme
To demonstrate the prototype an arena has been
developed wherein different plants are emulated and
the path for movement of the bot is marked by black
lines. So the robot initially works on “Black Line
follower” technique to reach a particular segment
(out of the 6 grids). A broad rectangular black node
(3cm*3cm), signals the bot to plan for a possible
course change. By measuring the distance traversed
by the robot (feed from position encoder), the bot
determines its location autonomously, on basis of which
it determines the next nearest target plant. The robot
later, uses ‘White Line follower’ technique to reach
the target plant from the black grid line, following
the White stripe.
•
White Line Sensor: Feed from this sensor, maintains
the bot o n the white strip.
•
Sharp IR Range Sensor & IR Proximity Sensor:
Halts the robot near the plant so that the pellet
dispensing mechanism lies exactly overhead the
plant.
•
Position Encoder: To enable the robot to determine
its location dynamically.
5.3	Challenges
•
The amount of fertilizer (pellet units) dropped in

•

•

•

•

•

the plant was controlled by placing a counter
mechanism below the final dropping pipe that
closed the dispenser outlet. The mechanism was
designed using an IR sensor and a receiver counting
the no of pellets by use of pulses generated at
the receiver end
Proper calibration of the White Line Sensors
posed a serious challenge which was overcome by
changing the RED led potentiometer’s brightness
levels.
The proper height alignment of the opening/closing
metal sheet lid and the vertical section of the
Y-shaped pipe was necessary in order to prevent
dropping of any pellets at undesired moments
of time during motion even in case of a “jerk”.
The code provides the provision through which the
bot moves an extra 5cm distance in case it does
not encounter the plant till the position encoder’s
stipulated distance. Thus care is taken that the
extra distance moved by the bot is recorded and
compensated in the next movement of the robot
to avoid distance mismatches.
The parallel processing of the bot by the use of
interrupts, PWM using timer, “flag” variable to
plan the next move and calculations while moving
on the arena posed a tough logical challenge for
the algorithm.
The selection of the shortest and minimum time
consuming path for the given tuple to be fertilized

was solved by a very intricate and complex logic
algorithm, but it offered a very high end advantage
of shortest path traversal, increasing the efficiency
of the system.

6.	CONCLUSIONS
This paper examines the benefits of modern-day
agriculture—a task made necessary by the fact that an
increasing share of the population has little connection
to farms or rural areas—and thus little opportunity
to understand the nature of farming, especially the
modern advances that are both helping to better feed
the world’s people and better protect the environment.
Recently, the development of robotic systems in
agriculture has experienced an increased interest, which
has led many experts to explore the possibilities to
develop more rational and adaptable vehicles based
on a behavioral approach. A combined application
of new sensor systems, communication technologies,
positioning systems (GPS) have enabled to develop
a prototype to demonstrate the fertilizing automation
in a model greenhouse successfully.

fu"d"kZ
bl i= esa fo”ks’k :i ls vk/kqfud [ksrh dks ykHkçn dsls
cuk;k tk;s] ij ppkZ dh x;h gSA c<+rh tula[;k] ç—fr] [ksrksa
,oa xzkeh.k {ks=ksa dh fgLlsnkjh de le; es le>us ds fy;s
rFkk vf/kd laca/k dsls cuk;k tk;s] ij tksj fn;k x;k gSA
vk/kqfud —f’k dk;Z dks c<+kok nsuk gS ftlls fd nqfu;ka ds
yksxksa dks f[kykus vkSj i;kZoj.k dh j{kk djus ds fy, enn
dj ldrk gSA gky gh esa —f’k ds {ks= ds fy;s fodflr jkscksV
ç.kkfy;ksa esa yksxks fd #fp es o`f) ns[kh x;h gSA fodkl ds ,d
O;ogkj –f”Vdks.k ij vk/kkfjr vf/kd rdZlaxr vkSj vuqdwyuh;
okguksa dh laHkkoukvksa dk irk yxkus ds fy, dbZ fo”ks’kKksa ds
usr`Ro eas ,d laxBu cuk;k x;k gS] ftles dh vuqHko fd;k
gS] u;k lsalj ç.kkyh] lapkj çkS|ksfxdh] iksth”kfuax flLVe
¼thih,l½ ,d la;qä ,d xzhugkml e‚My esa fu”kspu Lopkyu
çnf”kZr djus ds fy, ,d çksVksVkbi fodflr djus ds fy,
lQyrkiwoZd l{ke gSA
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lkjka”k
bl i= dk eq[; mís”; okafNr Lrj vkSj ykHkçnrk ds Lrj vkSj mRikndrk lqjkx dh Js’Brk dks c<+k
ldrs gSa tks fofuekZ.k {ks= esa vkbZVh ds egRo dks fn[kkus ds fy, gS blds vykok] lwpuk çkS|ksfxdh ¼vkbZVh½ vkSj
fofuekZ.k {ks= ds la;kstu ls çkIr oSHko lqfo/kkvksa vkt ds ;qx dk lcls vPNk çfr}a}h gSA eq[; /;ku dsafær lwpuk
çkS|ksfxdh ds fcuk fofuekZ.k {ks= esa leL;k ij gS vkSj bls “kq: djus ds ckn] Hkkjh cnyko fd;k tkuk x;k gSA
dbZ ckj fdlh Hkh iM+ko fcuk vlaxr tksjnkj dke dks djus ds fy, cgqr dfBu dke gks x;k gS- dkj.k lwpuk
çkS|ksfxdh ds fy, orZeku ?kVuk esa vkrs ifjorZu] u, fuekZ.k ds fy, vkdka{kk mRiknu {kerk dks c<+kus ds fy,A
cqf)eku lwpuk çkslsflax fofuekZ.k “kklu ds lkFk recombines rks ;g Hkkjh cnyko nsrk gS-lwpuk çkS|ksfxdh “kq:
djus ds ckn fofuekZ.k {ks=ksa ds orZeku ifj–’; rsth ls çn”kZu esa ,d vko’;d ra= ds :i esa vkSj Hkfo’; dh
csgrjh ds lkFk gh fofuekZ.k m|ksxksa ij lkekftd igyqvksa ds fy, ns[kk tkrk gS- fofuekZ.k {ks=ksa esa] daI;wVj ,dh—r
fofuekZ.k ¼;wds½] dEI;wVj la[;kRed fu;a=.k ¼lh,ulh½] forfjr la[;kRed fu;a=.k ç.kkyh ds uohure #>kuksa gSa
vkSj blds }kjk ;g lexz fofuekZ.k o`f) esa lq/kkj djus ds fy, m|ksxksa esa yphyh fofuekZ.k ç.kkyh ¼,Q,e,l½
çnku djrk gSA
Abstract
The main purpose of this paper is to show the importance of IT in manufacturing sector which can
increase the level and superiority of productivity leads to the desired level and profitability. Moreover,
the splendor features obtained from combination of Information Technology (IT) and Manufacturing
Sector is the best paragon of today’s era. The main focus is on the problem in manufacturing sector
without Information Technology and after introducing IT, the tremendous changes has to be done. At
times become very tedious job to perform strenuous work inconsistently without any halt. The changes
come into present phenomenon due to the Information Technology, aspiration for new creation to increase
production efficiency. If the intelligent information processing recombines with manufacturing regime
it gives tremendous changes. Present Scenario of manufacturing sectors after introducing Information
technology is increasingly seen as an essential mechanism in performance and for the betterment of
future as well as the social aspects on the manufacturing industries. In manufacturing sectors, computer
integrated manufacturing, computer numerical control, distributed numerical control system are the latest
trends of IT and hereby it provides flexible manufacturing system (FMS) in industries to improve the
overall manufacturing growth.
Keywords: Computer aided design, computer integrated manufacturing, computer numerical control,
direct numerical control, distributed numerical control, flexible manufacturing system

1.

Introduction
Manufacturing sector is the huge sector in all over
the world in which all Engineering field are combine,
mechatronics, information technology, computer science,
mechanical, electrical and automobiles engineering.
Manufacturing engineering is a particular class
of engineering systems, manufacturing processes and
interrelated actions within a manufacturing enterprise.

Manufacturing process is a combination of new technologies
and procedure which is used to define how products are
to be manufactured with high accuracy. A foundation
of manufacturing process is the fundamental reservoir
for the combination of all the tools and equipment and
activities aids in the searching of substitute production
line scenarios; improve the efficiency of assembly
lines with the aspire of reduced lead time period for
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manufactured goods launch, lesser the product time
and reduced work in progress inventories as well as
allow quick response to product or product changes.
Introduction of Information technology and its system
in other sector create anxiety of the business arena
in the field of manufacturing. Advancements of the
information and Communication technologies and
increased competition resolute manufacturing enterprises
to change their manner to trail that business.
As consequence, new paradigms for manufacturing
engineering systems have emerged. The main aim of
this article is to show the importance of IT sector
in various zone of manufacturing, research work,
development concepts to improve the design, remove
the weaknesses and got the preliminary results of an
inter-disciplinary for the development, performance
modeling and execution of an intellectual self-healing,
self adaptable and self-improving manufacturing
engineering system. Main manufacturing paradigms
are shortly presented, emphasizing their main strengths
and weaknesses. The planned classification structural
design towards a wise manufacturing engineering system
is introduced, to solve fundamental main challenges
and open issues.
The right manufacturing system can help your
compact to achieve the production goals, maintain
high superiority standards and keep costs low and
profits high.
There are mainly four types of manufacturing
systems, which differentiate according to the working
importance and limitations of the manufacturing systems.
Flexible manufacturing system is the most advanced
description of manufacturing system in which IT is
initially introduces.
a. Custom Manufacturing System- Custom manufacturing
systems is the one of the oldest and most commonly
used forms of product manufacturing. In this
system, a single worker can produce one item
at a time by hand or by machine it takes time
and error rate is increases but if the machines
are used instead of worker, they are frequently
well specialized, and capable of producing only
a single line of merchandise. This system offers
the lowest level of accuracy and efficiency and
highest cost per unit, and only due to this reason
the levels of manufacture is very low.
b. Intermittent Manufacturing System- Intermittent
manufacturing systems, is already shows the meaning
by name which is able to producing two or more
objects at the same time. These objects must be
identical, or may be very similar, and cannot be
customized for individual customer. This type of
system is best for limited production runs, or for
companies looking to manufacture a low amount
of goods.
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c. Continuous Manufacturing System- Continuous
manufacturing systems is used for mass production
of products. In this system, the product moves from
one station to another station along an assembly
line, with different workers performing various
construction tasks along the way. This type of
system promotes the companies to meet high
manufacture (production) goals, and results in a
lower per-unit cost. To create an assembly line
the large amount of equipment are required as
well as high level labor to manage the system, is
often associated with large capital investments.
d. Flexible Manufacturing System- Flexible manufacturing
systems represent one of the most extensively
used modern production systems and advanced
techniques. In this type of system, companies spend
many variety of machinery that can be rapidly
and smoothly reconfigured for large number of
production. Flexible manufacturing system includes
the advance features as well eliminating the need
of labors, automatic vehicles, or incorporates
robots to improve the accuracy and maintain the
reliability and accuracy for the production process;
this system requires a high degree of capital
investment.

2

Literature Review
Pulkit [1] had show the importance of IT in
manufacturing sector whether it concentrate on the
customer goods ,machine tools, equipment, performing
operation, higher accuracy and production quality rate,
and increase profit margins by introduction IT, CIM
is one the most common and important application of
IT of the ambitious target in many such organizations.
Through it all, the enterprise must fulfill the five R’sproduce the right product, with the right quality, in the
right quantity, at the right price, and at the right timeand it must do more than satisfy its customers.
Cheng [5] , et al. had explained about computer
integrated manufacturing (CIM) definition, concepts,
and flexible and integration importance and wide
role of CIM in manufacturing sector. The knowledge
how to solve the Industries problems by using CIM
methodology; it is a very fruitful research area. Also
define the flexible manufacturing system (FMS), it
reduces manufacturing system, increase the reliability
of the system by showing the model for FMS planning,
function and resource management.
Lorin[3], et al. had explained the value of Information
Technology, by using IT reduces the huge load in
organization like file work, accountant work, delivery
report, capital investment all are computer based. It
reduces the time, cost effective, reduces the error rate
and increases the accuracy, computer-based scheduling
and routing enable transport vehicles to be used more
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efficiently, decreases the need to expand fleets.

3.

Problems facing Manufacturing
sector
The manufacturing industry faces various problems
in previous time when Computer technology was not
launched, even in recent time somewhere numerous
challenges are present in today.
The following are the main problem:
•
Globalization- Globalization means global connection
between the industries and companies which
allowed manufacturers to increase the market
values. Industries can move their production
anywhere in the world and connect with the best
dealer also search of materials, dealing import
export in minimum time through internet, but
without computer integrated manufacturing (CIM)
it create huge problem expertise, and low labor
costs. Foreign country firms have benefited from
this facilities and arrangement because they are
easily able to purchase materials and tool and
labors at minimum prices.
•
Employability – Information technology itself a
vast branch of engineering and introduce various
trends and technical software which increases the
need of qualify engineers. Work ethic, accuracy
and reliability are basic requirements, but they’re
lacking in a great many applicants. It noticed that
without information technology a manufacturing
plant or industry is not growing speedily, in
modern manufacturing sector recent trends has to
be introducing to increase the employment rate
and economic rate.
•
Industry image – As in 21 st century there is a boom
of information technology, advanced techniques are
introduces day by day, the image of many people
have of manufacturing is one of labor in a dark,
often filthy and potentially hazardous (unsafe)
environment. Today, the companies reduce the
unskilled and non-technical workers and in favor
of that they introduce high technical computerized
machines and highly educated employees. With
time the old trends and working style is changes
in manufacturing companies.
•
Training to unskilled labors – In addition the
problem concerned is attraction of unskilled labor
with new computer based machines, the manufacturing
industries has also been suffering with this so they
provide training to the employees theoretical and
practically as well. Getting employees to enroll
in, and complete, job skill training has proven
difficult.
4. Integration of Information
Technology

Manufacturing sector is itself a very important
aspect in national economic welfare and Information
Technology (IT) is gradually played a vital mechanism
in manufacturing performance. Extensive coordination of
manufacturing with computerization has been introducing
so many advanced techniques; it makes the work
easier and systematic which increases the economy
as well as efficiency.
The following chart shows the role of IT in
manufacturing systems, the organization trends of
any industry or factor, customer dealership, virtual
organization, globalization, all activities are totally
depends on Information trends by using connectivity,
micro autonomy. Media support is also play an
important role to promote the recent trends as well
as the demand of the customer. After the trends the
organizational needs and the design factor, in need the
customer satisfaction, collaboration and coordination
of the trends, tool integration avoidance of problem
they are interrelated with the new capabilities of the
IT, automation, intelligent information processing,
digitalization, sensors etc. Finally the manufacturing
operations and Computerized based design are based
on IT collaboration and management.
Combination of design and operation give the
final result, i.e., intelligent searching, negotiation,
diagnosis and learning program and finally the merge
output is software agents.
There are a various processes or systems given
by IT sector and maximum processes are control by
IT which is the strength of the manufacturing system.
Modernization in the manufacturing sector is generally
means production innovation, but can also consist
of new processes, tools or equipment. New green
technologies is also introduce that eliminate desecrate
(waste) during production. Thus benefits or profit of
introducing IT and its trends may include greater ability,
accuracy to respond according to customer requirement,
less waste and downtime, improve product design,
increased product quality, and improved relationships
with suppliers and consumers.

5. 	Future Aspects
The concept of the Information Technology is usually
applied in the manufacturing sector due to the demand
and circumstance of discrete product manufacturing
so to improve the quality of the system. Successful
consumption of IT for manufacturing requires the
management of various diverse groups, and negotiations
over system designs. The advance technology introduce
by information technology for the future of manufacturing
sector will have to achieve necessary automated functions
such as processing, material handling, assembly, and
inspection. Information Technology is the engineering
that has given a feature to manufacturing industries
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Figure 1. The flow chart shows the integration of IT with Manufacturing System.

in India on global level. Today, the country has
developed enormous involvement with various other
countries on the basis of its amazing IT services. It
is definitely a reason of pride that India is known
for outsourcing IT services and promotes the other
sectors in the world. With the power of information
technology, the country has not only extremely gained
in its status and acknowledgment in the world but
also has improved its overall economy. Naturally, this
promises a long and prosperous future of Information
technology in India.

6.

Social Impact
There will be a social significance of introducing IT
trends in the manufacturing sector. The manufacturing
sector covers the huge rate of employment and affects
60

the social life. Reduced number of employees in
future manufacturing factories and there is no direct
participation in the production or operation processes.
The natural impact is on the unskilled labor that will
not be needed to run the production machines and
only perform the manual tasks.
It will not possible that all companies/factories/
industries immediately switch to the IT trends in
overnight. The set-up and learning process will take
time, with some industries implementation of the new
technologies likes- CIM and CAPP/CAD/CAM are more
slowly than others. The advanced manufacturing sector
will be introduced gradually, and effects on the labor
force will be evolutionary rather than revolutionary.
There are some social and economic factors,
which encourage the improvement of such sectors.
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These include:
• To increase the economic rate as well as the
production growth.
• Requirement to increase the machine utilization
• The high cost of in-process stock
• The need to get maximum production in minimum
time.
• The desire to fulfill the customer demand in
limited time period.
• Find the optimum result and reduce the error
rate.
• The need to use raw materials and energy as
efficiently as possible.

7. 	Conclusion
IT provides so many features to manufacturing
sectors such as CIM, which itself contains so many
processes which can improve quality control and
production rate. Computer numerical control (CNC),
Direct numerical control (DNC) and Distributed
Numerical Control increases the accuracy, precision
and speed rate during the manufacturing process.
IT is comprehensively used in the manufacturing
industries to reduce the production and designing
cost of product, supply chain management and the
manufacturing process itself. IT can diminish the
strength of worker needed to manufacture the products,
improve the overall quality and permit manufacturers
to take action quickly and more efficiently to their
customers. Further with the advancement of IT in the
field of manufacturing design Flexible Manufacturing
System (FMS) are most commonly used now a days
to develop the manufacturing system, it is basically
related to the production work, use of robots for
improving the work quality. Manufacturing sector get
advancement by using IT functions.
In short, we can mention the merits of IT in
manufacturing sector as:•
Improved Engineering Productivity.
•
Reduce time and error rate.
•
Increase the accuracy of design.
•
It increases the efficiency of the machine.
•
Less human effort.
•
Provides better functional analysis to reduce
prototype testing.
•
FMS enables manufacturers to machine a wide
variety of work pieces on few machines with low
staffing levels and high degree of reliability.
•
Lowers work in procedure inventories.
•
Reduce scrap rate.

fu"d"kZ
;g ,slh gh xq.koÙkk fu;a=.k vkSj mRiknu nj esa
lq/kkj dj ldrs gSa] tks brus lkjs çfØ;kvksa ftlesa ;wds] ds

:i esa fofuekZ.k {ks=ksa ds fy, brus lkjs lqfo/kk,¡ çnku djrk
gSA dEI;wVj la[;kRed fu;a=.k ¼lh,ulh½] çR;{k la[;kRed
fu;a=.k ¼DNC½ vkSj forfjr U;wesfjdy fu;a=.k fuekZ.k çfØ;k
ds nkSjku lVhdrk] xfr vkSj lVhd nj c<+ tkrh gSA vkbZVh
O;kid mRiknu vkSj mRikn dh fMtkbu ykxr] vkiwfrZ J`a[kyk
çca/ku vkSj fuekZ.k dh çfØ;k gh de djus ds fy, fofuekZ.k
m|ksxksa esa ç;ksx fd;k tkrk gSA vkbZVh] mRiknksa dk fuekZ.k djus
ds fy, vko”;d dk;ZdrkZ dh rkdr de gks tkuk tYnh ls vkSj
vf/kd dq”kyrk ls vius xzkgdksa ds fy, dkjZokbZ djus ds fy,
lexz xq.koÙkk vkSj ijfeV fuekZrkvksa lq/kkj dj ldrs gSaA blds
vykok fuekZ.k fMtkbu yphys fofuekZ.k ç.kkyh ¼,Q,e,l½ ds
{ks= esa vkbZVh ds fodkl ds lkFk lcls vf/kd mRiknu ç.kkyh
fodflr djus ds fy, ,d fnu vc bLrseky dj jgs gSa] ;g
ewy :i ls mRiknu dk;Z ls lacaf/kr gS] dke dh xq.koÙkk esa
lq/kkj ykus ds fy, jkscksV dk mi;ksx djsaA fofuekZ.k {ks= esa
vkbZVh dk;ksaZ dk mi;ksx djds mUufr çkIr
•
la{ksi esa] ge ds :i esa {ks= ds fuekZ.k esa vkbZVh dh [kwfc;ksa
dk mYys[k dj ldrs gSa% &
•
bathfu;fjax mRikndrk esa lq/kkjA
•
le; vkSj =qfV nj de djsaA
•
fMtkbu dh “kq)rk c<+kus dsA
•
;g e”khu dh {kerk c<+ tkrh gSA
•
de ekuo ç;klA
•
çksVksVkbi ds ijh{k.k dks de djus ds fy, csgrj dk;kZRed
fo”ys’k.k çnku djrk gSA
•
,Q,e,l e”khu dks de LVkQ ds Lrj vkSj fo”oluh;rk
ds mPp Lrj ds lkFk dqN e”khuksa ij dke VqdM+s dh ,d
foLr`r fofo/krk fuekZrkvksa l{ke cukrk gSA
•
çfØ;k eky esa dke de djrh gSA
•
LØSi nj de djsaA
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lkjka”k
lwpuk çkS|ksfxdh Lo;a dh ns[kHkky esa Lora=rk ds fy, vko”;d vuqdwyh midj.kksa vkSj rduhdksa dks miyC/k
djkus ds vkt ds thou ds gj igyw esa ,d cgqr egRoiw.kZ Hkwfedk fuHkkrk gSA vksiu yfuaZx vkSj nwj&f”k{kk ds
lkFk&lkFk ubZ lapkj çkS|ksfxfd;ksa vc dkj.kksa dh ,d fdLe ds fy,] ikjaifjd dk lkeuk djus okyh psgjk
fo”ofo|ky;ksa esa v/;;u ugha dj ldrs gSa] mu lHkh ds fy, vfrfjä f”k{kk ds volj dh is”kd”k dh ,d yacs
le; ds fy, fd;k x;k gSA lwpuk çkS|ksfxdh fodykaxksa ds fy, jkstxkj vkSj l”kfädj.k ds fy, cgqr rsth ls
fodflr dj jgk gS tks ,d {ks= gSA lgh lc lqyHk pkSuyksa ds ek/;e ls tkudkjh çkIr djus ds fy, ds :i
esa okLro esa fodykax ¼PWDs½ lHkh ukxfjdksa ds lkFk lHkh O;fä;ksa ds ekU;rk çkIr ekSfyd vf/kdkjksa esa ls ,d
gSA foKku vkSj çkS|ksfxdh ds ;qx esa] rktk tkudkjh ,d ?kkrh; nj ls mRiUu fd;k tk jgk gS vkSj ;g tkudkjh
foLQksV dk lkeuk djuk csgn eqf”dy gks x;k gSA ,d yksd fuekZ.k foHkkx us vius thou ds gj igyw esa iw.kZ
Hkkxhnkjh vkSj lekurk dk vkuan pkfg, fd vkns”k esa ;g tkudkjh mls djus ds fy, lqyHk :i esa lwfpr fd;k
tkuk pkfg, fd t:jh gSA lwpuk çkS|ksfxdh igys ls gh fodykax Nk=ksa dh f”k{kk ds fy, dbZ ;ksxnku fn;k gSA
os tksjnkj çf”k{k.k ds ek/;e ls cgqr gh dfBu ekxZ ls xqtjuk tkus ds fy, vkSj y{; “lHkh ds fy, iquokZl
“ çkIr fd;k tk jgk gS vxj sincerest ç;kl djuk gSA ,d fdQk;rh ewY; ij xq.koÙkk iquokZl lsok,a Hkkjr esa
?kaVk vkt dh t:jr gSaA vk/kqfud bathfu;fjax ds u, vuqç;ksxksa ds fy, lHkh vkfFkZd :i ls vkSj çHkkoh <ax
ls ns”k ds vkn”kZ okD; iquokZl dks çkIr djus esa ,d yack jkLrk r; dj ldrs gSaA ge mls@gekjs lekt ds
mlds Lo;a ds fy, i;kZIr gS] vkRe&fuHkZj vkSj vkRe&dekÅ lnL; cukus ds fy, l{ke ugha gSa] rks ,d O;fä
dk iquokZl iwjk ugha gksxkA
Abstract
Information technology plays a very significant role in every aspect of today’s life providing
adaptive equipments and techniques needed for independence in self-care. Open learning and teleeducation as well as the new communication technologies have for a long time now offered additional
educational opportunities to all those who, for a variety of reasons, cannot study in traditional face-toface Universities. Information Technology is an area which is developing very fast for the employment
and empowerment for the disabled. Right to obtain information through all accessible channels is one
of the recognized fundamental rights of all Persons with Disabilities (PWDs) as indeed of all citizens.
In the age of science and technology, the fresh information is being generated at an exponential rate and
it has become extremely difficult to face the information explosion. In order that a PWD should enjoy
full participation and equality in every aspect of his life, it is imperative that information should be
communicated in the form accessible to him. Information Technology has already made many contributions
to the education of the students with disabilities. They have to go through very difficult path, undergo
through vigorous training and make sincerest effort if the goal ‘Rehabilitation for All’ is to be attained.
Quality rehabilitation services at an affordable price are the need of the hour in India today. Innovative
applications of the modern engineering can go a long way in achieving the country’s motto-rehabilitation
for all-economically and effectively. The rehabilitation of an individual will not be complete if we are
not able to make him/her self- sufficient, self-dependent and self-earning member of our society.
Keywords: Information technology, disabled, tele-education, persons with disabilities
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1.

Introduction
India is a country of diversity. On one hand, we
have brilliant scientists, doctors, engineers, educationists
and a professional education system that is comparable
with the rest of the countries in the world. On the
other hand, we are also challenged with the predicament
of acute poverty, illiteracy, malnutrition, sickness,
infant mortality and disability. India is on the verge
of processing one of the strongest information and the
telecommunication links like the satellite, ISDN, telephone
lines, wireless loops and information technology like
videoconferencing/ teleconferencing/ audio-conferencing
that are now available in India provide an answer to the
challenge faced by the Indian disability rehabilitation
system today.
India is a country with highly skilled people but
does not provide adequate opportunities for vocational
education and training particularly for PWDs. If
adequate opportunities for vocational education and
training is provided, he or she can be made selfearning, respectable and useful citizens who will
enjoy the human rights like all the other people.
They have to go through very difficult path, undergo
through vigorous training and make sincerest effort
if the goal “Rehabilitation for All” is to be attained.
Quality rehabilitation services at an affordable price
are the need of the hour in India today. Innovative
applications of the modern engineering can go a long
way in achieving the country’s motto-rehabilitation
for all-economically and effectively.
The rehabilitation of an individual will not be
complete if we are not able to make him/her selfsufficient, self-dependent and self-earning member of
our society. We have to use modern tools, information
technology and other hi-tech methods for imparting
training.
Information Technology is an area which is developing
very fast for the employment and empowerment for
the disabled. It is hoped that in the 21 st century many
web sites may be launched on the Internet by leading
agencies for the benefit of the disabled in India. Since
the country is moving towards rapid development in
IT sector, it is hoped that the disabled will have a
great future in the new millennium.
1.1	Technological Advancements
Technological aids certainly include computers,
but it could also refer to a number of other types
of device which enable individuals with disabilities
to function more independently. Computers are an
important type of technological aid because they open
up so many exciting possibilities for writing, speaking,
finding information, or controlling an individual’s
environment, though computers are not the only
avenues to solving problems through technology. Many
assistive technology projects are available in advanced
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countries and are mainly engaged in manufacturing
of technology-based devices for PWDs. Sophisticated
technological interfaces in the form of special keypads,
touch screens; wireless sensors are all available with
their resource directory. Most of these devices are
not affordable to Indian masses. Hence our main
aim should be to produce quality rehabilitation aids
through internal sources so that Indian mass can use
it with in an affordable price. Goel 1 has prepared a
comprehensive compendium of large number of aids
and appliances for the vocational rehabilitation of
PWDs. The main goal of this project is to coordinate,
compile and develop a proper database of the aids and
appliances for the education, training & rehabilitation
(ETR) of PWDs, especially in the Indian context. The
scientific and technological developments in the field
of disability rehabilitation are scattered and no effort
has so far been made to consolidate this voluminous
information. Every possible care has been taken to
compile and consolidate these developments.
It is to be noted that people are not handicapped
by their disabilities but by obstacles or barriers in their
living environment. In order to meet a compromise
between affordable prices for an essential utility in
any part of the country, we have to find means of
designing and developing the existing technologies
according to the requirement of our society. Skilled
volunteer engineers, design technicians and health
workers should integrate to make assistive aids so
that greater independence could be achieved for any
PWD. There is lot of technological advancement in
our country.

1.2 Information Oriented Education
The future of the mankind is each individual’s
responsibility. Today the very existence of mankind
is at threat and it is very difficult to safeguard the
dignity of just a society call for concerned effort
to be initiated at a national level to orient parents,
teachers, educationists, administrators, politicians and
other functionaries at all levels to make information
oriented education an integral part of the ongoing
educational process. Information oriented education is
most important to make people ‘information conscious’
which will lead to achieve rapid economic development
and technological progress and thus create a special
order founded o the values of freedom, social justice
and equal opportunity. Almost all possible in whatever
area, will be more of the existence of information
systems. They will expected to be informed, they will
be generally aware of how the system work or could
work, and will not tolerate failure to provide accurate
and timely information due to poor or insensitive system
design. Effective information system is absolutely
essential for successful planning, decision making
and carrying out any meaningful research and studies.
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While education in all its forms is a vital component
for the development of large human population into
a resource, it is mostly the higher education which
contributes to the QOL. In India there has been a
spectacular expansion in the higher education system.
In India the common man has not reached the stage
when he can say that he is able to appreciate the
importance and usefulness of information technology.
When the stage is reached, the QOL of common man
will be better that what it is today. In India, we
started late in developing the information technology
and made a slow progress but it suddenly made a
phenomenal growth and today we are using it profusely
in railways, airlines, banks, industries, in whether
forecasting and cyclone warning and in several other
sectors. There is a considerable scope of using this
technology in teaching and for the eradication of
illiteracy in the country. Literacy is an essential aspect
of human dignity and a window of apprehension and
comprehension. The country has already entered the
21 st century with maximum number of literates in the
world. No economic measures can restore the dignity
of the person, if he is illiterate. With the growth of
distance learning, self-paced learning, individualized
learning and the need to continue to learn throughout
one’s lifetime as career pattern change, the roles of
teacher and information personnel merge toward the
common goal of knowledge transmission. A new
partnership is developing between the information
specialist, the computer and the teacher. Each has
distinctive qualities to offer, but the combination of all
three can provide a formidable force in the learning
process. Now a days, it has become almost rhetorical
to speak of the ‘information society’, the ‘information
age’ or the ‘information revolution’ when referring
to the impact of ICTs on the development of human
societies during the later half of twentieth century.
Technological innovations have led to change in the
ways we acquire, transmit and use information, and
thence to behavioural changes in individuals. Future
changes will be marked by complex interaction among
basic technologies, new communication media and
new distribution concepts. These will affect the ways
people are educated, perform their jobs, and carry
out day-to-day activities. The ever-increasing impact
of ICTs on overall socio-economic development with
the convergence of computer and telecommunication
technologies has led many countries since the beginning
of 1990s to formulate national plans and initiatives
aimed particularly at exploring the newest possibilities
– particularly the ‘information superhighway’ – for the
purpose of education. Education empowers a person to
face the challenges of life and thus it liberates him.
Lack of education is a colossal deprivation and is a
major deterrent of ‘QOL’ in India2. Meadow3, a professor

and leading Information Scientist of Drexel University
said, “We have, in history, largely been a profession
that responded rather then led. However, information
science will, in the future, adopt a broader definition
of itself, attract more adherents from other sciences
and emerge as a mature and respected science”. How
accurate was his observation and certainly the last
35 years(i.e., 1979-2014) were the years of unending
excitement – this science has already entered the hightech era and emerged to ‘Information Technology’, a
very challenging and exciting discipline transforming
our responsibilities for communicating and our capacity
for collecting, processing, disseminating and accessing
information, consequently bringing about far-reaching
changes in economic, political, social and cultural spheres
of life in the whole world. Information Technologies
are the world leaders today in every area of human
activity.
Information Technology is an area which is developing
very fast for the employment and empowerment for
the disabled. Necessary technical expertise can be
sought from IITs, DST, DRDO, NASSCOM, NISTADS,
and other IT companies. Computers have taken every
conceivable field of operation today. Regular schools
in metropolitan cities have begun introducing children
to computers from as early an age as seven years.
Children will require more expensive special equipment
and software in order to keep up with the present
trend. Special schools as well as other organizations
working for them have very little choice but to go
for it.

1.3	Computer Revolution for Persons with
Intellectual Disability
Computers are prevailing in all the important areas
of academic activity. As computers are introduced into
all important fields, it has entered into the education
field also. Computer as an aid for’ teaching has been
gaining momentum throughout the world. If teachers do
not become computer literate over the next 10 years,
they may be left behind in the field 4. Teachers should
consider the use of microcomputer as management
tools. Teachers can take advantage of the tremendous
storage and retrieval capacities of computers to plan
individualized education programmes and monitor their
students’ progress. CAI has several advantages that can
be applied to the instructional needs of many learners
with intellectual disability. Computer programmes are
available that can:
•
Generate instructional objectives
•
Produce records of progress and report cards
•
Generate quarterly and semester reports
•
Administer, score and interpret test performances
•
Record and analyze classroom observations
•
Manage weekly and monthly meeting schedules
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•

Store student health, discipline and academic
records.
•
Store information about community resources.
•
Enhance student interaction and motivation.
•
Provide immediate feedback.
•
Provide needed reinforcement.
•
Allow self -paced instruction.
•
Free the teacher to work with other students while
some students work on the computer.
Recent developments in the field of micro-technology
have led to an awareness that microcomputer controlled
systems may prove a useful teaching medium with
mentally retarded individuals. Microcomputers can
be a great asset in teaching reading skills, written
expression skills, arithmetic skills, communication
skills, problem solving skills, etc. It is felt by many
professionals that the mentally retarded as a group
inherently had poor problem solving skills but with
the advance of CAI the retarded students can solve
problems previously not thought possib1e. The retarded
students can learn problem solving skills with the
help of logo. Since the children as young as 3 and 4
years old have had great success with logo, so most
moderately and many severely retarded students might
benefit from interaction with this software.
Computer programmes designed in graphics with
music are especially useful for children with mental
retardation because music as a therapy works wonders.
Patterns and pictures can be flashed on the screen to
develop the skills of recognizing the pictures. Children
with mental retardation have eye-hand coordination
problems. The computer can overcome many of these
problems if the child is allowed to play and explore
a range of shapes, patterns and colours to produce
beautiful pictures. Whenever a student makes a mistake
the computer automatically beeps and displays error
message and asks him/her to do it again. In education,
technological inputs are making profound impact and
Mani 5 gives the following role of ICT is to:
•
Improve the efficiency of the teachers,
•
Reduce the cost of education,
•
Improve the quality of education,
•
Decrease the duration in the realization of educational
objectives,
•
Bring more number of children under the umbrella
of education,
•
Develop the scientific temper in the learner,
etc.
The purpose behind the use of technology is to use
existing knowledge to serve humanity to solve some
practical problems. In the field of special education,
it carries special significance. We are committed to
Universalization of Primary Education in India. We
cannot achieve this goal if we exclude the education
of handicapped population. Our traditional methods of
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instruction may not be able to meet the new demands
coming forth as a result of phenomenal advancement in
all disciplines of knowledge including special education.
We should beam more through an instructional strategy
which guarantees the output and has a technological
base. We hope that the future will be characterized by
technological advances and improved conditions for
the mentally retarded. There is much to believe that
influences such as advocacy groups, interest groups,
and social attitudes will continue to shape the quantity
and quality of programmes and services for those who
are mentally retarded. As the Action Plan for the National
Policy on Education (NPE – 1986) has suggested: The
use of technology in special education should receive
attention. It involves modification, adjustment and adaptation
of the equipment and material in the learning resource
centre. Educational technology for mentally retarded
children is a nationwide movement, which cannot and
should not only be the responsibility of one Department
of Ministry. It is the duty of most of the ministries at
the national and state levels to pool their resources to
make special education a success. Today we cannot
remain passive observers under any circumstances but
must become active participants in the problems and
needs of the mentally retarded persons.
Today, computers affect all of us in our professional
and personal lives. They are changing our lives today
just as the telephone, automobile and aeroplane changed
our 1ives at various points of time. One has to be
computer literate to be successful in the modern
world. Computers have had a tremendous impact
on the world around us. The information revolution
brought out by computer technology during the last
forty years has changed the world more than all the
earlier, nineteen centuries did.

1.4 Access to Information for Person with
Visual Impairment
A person receives about 80% information through
his sense of sight. Loss of sight is a severe handicap. In
education, it affects the majority of activities associated
with learning both in and out of the classroom. A
Person with Visual Impairment (PVI) has to rely on
the enhanced use of auditory and tactile modes of
communication to ensure that the widest possible
curriculum is available, but many learning problems
still remain.
Right to obtain information through all accessible
channels is one of the recognized fundamental rights
of all blind persons as indeed of all citizens. In the
age of science and technology, the fresh information
is being generated at an exponential rate and it has
become extremely difficult to face the information
explosion. In order that a PVI should enjoy full
participation and equality in every aspect of his life, it
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is imperative that information should be communicated
in the form accessible to him. Information Technology
has already made many contributions to the education
of the students with visual impairment.
Information can be accessible to them in tactile
form through Braille printing, embossed literature,
Braille teaching aid, three-dimensional ‘touch and
tell’, exhibits, tactile image generator, optacon, etc.
The partially–sighted can gave access to information
in visual form through low vision and magnification
aids, closed circuit television, large print material,
etc. Auditory form is the most important means to
have access to information through talking books,
talking computers, talking word processors, stereo
cassette recorders, wireless, T.V. for blind, Kurzweil
Reading Machine, etc. Voice Indexing Device will allow
random access to the pages of a talking book. Modern
electronic devices like Braille on magnetic cassette,
Microbraille, Digicassette, Sony Tape recorder, Braillex
Viewscan Text System, etc. have been developed to
provide effective communication media to the visually
impaired. Developments in Information Technology like
online computerized Databanks, British aids database,
technical aids information systems, online rehabilitation
database, etc. have given a boost to visually impaired.
A systematic speech output for the blind has been
developed whereby a microcomputer can speak to
its operator avoiding the need to translate printed
information into Braille. These devices are fascinating,
futuristic and extremely useful but prohibitive in cost
at least for the blind individuals in this country.

1.5	Tele-education
Information technology plays a very significant
role in every aspect of today’s life providing adaptive
equipments and techniques needed for independence in
self-care. Open learning and tele-education as well as
the new communication technologies have for a long
time now offered additional educational opportunities
to all those who, for a variety of reasons, cannot
study in traditional face-to-face Universities. Teleeducation, open and flexible learning have firmly
established themselves in the different education scenes
worldwide as a viable alternative for the disabled
and the chronically ill. This paper deals with the
advantages of tele-education for disabled and use of
advanced communication facilities like Internet for
tele-education. Internet technologies--the largest network
communication technology in the world--used in the
area of vocational and technical education to persons
with disabilities are a relatively new phenomenon.
Today, about 61600 internet resources (websites, web
pages, online journals, etc.) are available as internet
resources about vocational and technical education to
persons with disabilities. The information technology

has the potentials of providing higher order learning
requirements, desirable teaching/learning attributes, and
availability of resources and extending the usability
of resources for teaching/learning attainments through
multi-learning web (MLW). The MLW is having five
modes-print, audio, video, multimedia and internet.
electronic libraries, also called digital libraries, comprise
of interactive videocassettes, interactive CD-ROMs,
electronic journals and magazines, hypertexts and
graphics. E-books are much more powerful than
traditional books as they are available twenty four
hours a day, seven days a week from any location in
the world. Conferencing technologies are increasingly
used now a days to enable effective conversation
between a group of people either in a closed room
or from remotely located places. As the technology
explores, the information flows from world around and
makes a global village in which world information is
a common knowledge to everyone. Tele-education is
not only helpful to PWDs but it is also helpful to the
society in general. With improving internet facilities,
bandwidth and modern devices such as voice to textmessaging, e-books, telecommunication devices, more
and more persons with different types of disabilities
will be attracted to tele-education. Although many
projects are underway in different parts of the world
to improve the standards of tele-education and help
the general and technical education to the disabled
population, Indian scientists should come forward to
take a lead in this field and help the large population
of PWDs in this great nation. These efforts would be
extremely valuable to people with devastating neuromotor handicaps since it can offer new augmentative
communication technology to those who are paralyzed
or have severe movement deficits.
Information technology is a term used for computers,
communications, internet, multimedia and cyberspace.
Computers have invaded almost every part of human
life. There is an urgent need to revamp the total
education system in view of the growing revolution
in information technology. The whole world is going
towards paperless system in almost every walk of
life. Information technology has the solution to break
barriers of time, space and to fulfill the dreams of
life long education. His excellency, Dr. A.P.J. Abdul
Kalam, the 10 th President of India, while delivering
convocation address of the North Orissa university on
15th May 2003 said that Information and Communication
Technology is one of our core competencies. The
information technology and communication technology
have already converged leading to the information and
communication technology. This area can be used to
promote education in remote areas and also to create
national wealth. Within next 20 years, India is going to
transform technologically with new emerging economic
and technical situations 6.
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2.

INTERNET RESOURCES ABOUT
PERSONS WITH DISABILITIES
I n t e r n e t t e c h n o l o g i e s – t h e l a rg e s t n e t w o r k
communication technology in the world–used in the
area of vocational and technical education to persons
with disabilities are a relatively new phenomenon. The
internet technology is an empowering tool for persons
with disabilities; it gives them immediate access to
information that historically has been unavailable to
them. The internet is also a great boon for teachers
and parents who are struggling to find information
and support for their special needs. Today, about
61600 internet resources (websites, web pages, online
journals, etc.) are available as internet resources about
vocational and technical education to persons with
disabilities.
•
National Rehabilitation Information Center (NARIC):
NARIC disseminates research on all aspects of
disability. NARIC has five searchable databases
that contain articles, books, organizations, and
internet resources. Over 50000 documents are
included in the databases.
•
The Council for Exceptional Children (CEC):
CEC is an international professional organization
devoted to improving educational outcomes for
students with disabilities and gifted students.
CEC provides research for professional, as well
as professional development opportunities. CEC
is also involved in advocacy activities.
•
Sights Network: This computer network provides
bulletin boards and database information for blind
and visually impaired individuals and those working
with them. The information covers vocational
and rehabilitation resources, assistive technology,
public policy, educational information for parents,
teachers, and students, and more.
•
Closing the Gap: Closing the Gap provides information
about technology for special educators. This
organization also maintains a searchable database
and printable resource of assistive technology
products.
•
Computer Assessment and Training Programs for
Individuals with Disabilities: This list contains
information on programs and organizations that
provide computer-oriented assessment and training
for people with disabilities, either children or adults.
Organizations may also do assessments of a person’s
computer skills and recommend adaptations.
Today, what we used to see as distinct technologies-telephones, television, radio, and cable--are converging.
The key component now is information, which can
be represented in digital form.
New technology has the capability of ‘speaking’
for people with speech disabilities and ‘hearing’ for
people who are deaf. It can bring information and
education into homes and workplaces for people who
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have mobility limitations. It can provide added cues and
reminders for people with memory or cognitive loss.
Overall, it can help support a web of communication
that makes it easier for people with disabilities to stay
integrated in society. For individuals with limitations
in hearing, seeing, moving, speaking or cognition, the
explosion of telecommunications offers opportunities
as never before.

3.	TELEWORK FOR PERSONS WITH
DISABILITIES
Telework, often referred to as telecommuting,
occurs where paid workers work away from their
normal place of work, usually from home. Such
workers can telework all their work time, or on an
occasional or ad-hoc basis. Most telework takes place
a day or two per week. Telework relies primarily or to
a large extent on the use of Information Technology
(mainly personal computers or terminals linked up to
a mainframe, telephone, fax machine). There is a link
between the tele-worker and the employer/contractor,
which is used for communication.
Telework can save millions while helping to
balance busy lifestyles, while reducing job related
stress. Telework organizations take full advantage of
new technologies and new ways of working to focus
on the work performed rather than the location where
it is performed. As the information revolution reshapes
our corporate and personal lives, moving us closer
to a global society, telework also represents a major
step towards working anywhere, anytime.
Most PWDs derive tremendous satisfaction from
their professional activities. It often happens that
the continuous work rhythm imposed on everyone in
the office can cause problems for someone who has
treatment to carry out now and then or who suffers
from sudden bouts of tiredness. Moreover, the work
place does not always respect the need for privacy.
There are other drawbacks that vary with the nature
of the disability: rearrangement of the premises to
make room for wheelchairs, an object suddenly placed
in a corridor, blocking the passage, a meeting in an
inaccessible place, the vastness of the premises and
the distances to be traveled in the normal course of
work are important concerns for PWDs.
The limits that disability imposes on daily life add
to the constraints of the traditional pattern of work.
The labour market is sometimes quite unreceptive
to PWDs and particularly so where old people are
concerned. Telework can partly help to overcome the
obstacles that the disabled often encounter in ordinary
work situations.
Work occupies an important place in the life of
PWDs, and it becomes all the more necessary in that
disability or a disability imposes certain restrictions
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in other domains such as leisure or social life.
Telework can help the elderly and the disabled to
feel less isolated. In most cases, access to Information
and Communication Technologies (ICTs) is an additional
means of communication and a way of breaking their
isolation. The risk of isolation is often brought up in
connection with telework. It is generally associated
with a lower level of interaction with work colleagues
and the absence of social contacts. Nevertheless, ICTs
create a feeling of belonging to a work community, a
company or more globally, the “working world”.
By abolishing physical distance, Information and
Communication Technologies (ICTs) enable access
to new services from any place at all, provided one
has access to a telecommunications network and the
necessary equipment. Traditional obstacles bound up
with the reduced mobility of disabled or elderly people
and with the difficulty in using public transport can
be overcome with the help of ICTs.
The psycho-social profile of the teleworker
plays a vital role in the conditions for implementing
telework. The major hurdle in the education for disabled
population is their inability to move freely. But this
hurdle can be overcome with the use of advanced
access technology and tele-education in this age of
information technology. Tele-education, open and
flexible learning have firmly established themselves in
the different education scenes worldwide as a viable
alternative for the disabled and the chronically ill.
Tele-education, using information technologies, is a
computer-based approach to instruction, which opens
up vocational options for people who, for a variety
of reasons, are unable to attend conventional training
centers for technical education.

4.	THE EMERGING TECHNOLOGIES
Modern age is an age of technology. The technologies
like computer networking, simulation laboratories,
digital libraries, hypermedia and CD ROM libraries
are the new emerging technologies in education. Expert
systems, shared databases, world-wide-web (WWW),
simulation software packages and virtual reality are
some of information technologies that can be used to
assist constructive teaching/learning environment. The
integration of various applications of IT to enhance
the usability of education technology has given rise to
an entirely new kind of teaching/learning environment
called multi-learning web. The advent of Local Area
Networks (LAN), Wide Area Networks (WANS) has
provided an opportunity for the academic communities
for effective information resource sharing.
In addition to this, emerging technology is helping
the PWDs to gain not only the physical independence
but also the prerequisite skills to become an important
part of the society and economy system of the country.

Computer assisted and computer guided aids are very
useful to children with special needs. One should be
aware of the use, maintenance, and benefits of these
aids. Teachers can use these aids to make better
performance. He/she can also adopt some instructional
modifications like, clear articulation, emphasis on
visual, tactile, auditory and speech inputs. He/she can
use bold print [Large Print] books, talking calculators,
speech synthesizer software, computer software, etc.
that are accessible to the PWDs.

5.

GLOBAL VILLAGE
The educational institutions have no longer been
considered as the only information sources. As the
technology explores, the information flows from world
around and makes a global village in which world
information is a common knowledge to everyone.
In fact the information superhighways are a means
for global interconnectivity. The main requirement
to realize a global village is the construction of
National Information Infrastructure (NII) and a Global
Information Infrastructure (GII) having a common
platform to deal with information transmission, and
its utilization in various areas.
The impact of new information technology and
the changes that are taking place in the community
of PWDs due to liberalization, privatization and
globalization is being felt by the various thinkers in
education, namely, policy makers, curriculum planners,
administrators, teachers and students. In order to
gear up the educational technology, its method of
management has to be proactive and prepare the
thinkers for handling new tasks and responsibilities
efficiently and effectively.
In an information-based economy, knowledge is
power. Technological and manufacturing advances are
also driving down the cost of computers and software,
bringing sophisticated technologies within the reach
of more households in India.
Today thousands of families are interested in
making technology a part of their lives. A definite
perception has taken place toward the computer being
seen as a versatile and essential tool for working and
learning. It is clear indication that investment in IT is
a key factor to the economic success of the country
and if India wants to remain in the race for economic
supremacy, it needs to accelerate the deployment of
IT in the management of educational technologies.
5.1	Empowerment
Disability is an issue that concerns all of us; it
can affect anybody, of any background, in any country,
at any time. In India, disability has so far been
perceived as a problem and not a priority. Disability
is not a charity issue, but it is a rights issue. People
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with disabilities want to be treated like other citizens,
with rights. They want to be treated equally and to
participate as equal citizens in their communities. There
have been major shifts in the perception of disabled
people’s rights, from charity to social development,
from treatment to prevention, from dependency to
empowerment, from humanitarian concern to human
rights. Self-awareness and self-confidence are two key
essentials of empowerment. These have to be coupled
with a realistic acceptance of the disability and a
belief in oneself. It follows that for an individual
to become empowered, the person needs to acquire
knowledge, develop skills, and be motivated. To be
empowered means “our inner being-our unique self-is
vested with power and inner strength. When we feel
empowered, we can meet challenges with confidence.
Once we are empowered we have personal power and
control over our lives. We have positive self-images
that are affirmed and sustained.”

6.	Concluding Remarks
It is hoped that in the 21 st century many web
sites may be launched on the Internet by leading
agencies for the benefit of the disabled in India. Since
the country is moving towards rapid development in
IT sector, it is hoped that the disabled will have a
great future in the new millennium. We are living in
democratic India. Democracy means transparency and
transparency stands for right to information. With rapid
industrialization, India is heading towards information
revolution. IT is an agent of transformation of every
aspect of human life. While education is creating a
learning society, IT is making it knowledge-based. A
new awareness is on the increase, so is its application
in our social and economic life. It is fast penetrating
into our rural areas. It is becoming increasingly
important that millions of people with disabilities and
rehabilitation practitioners do their own thinking to
develop information-based rehabilitation and to use IT
for formulating better plans and services. Tele-education
is not only helpful to PWDs but it is also helpful to the
society in general. With improving internet facilities,
bandwidth and modern devices such as voice to textmessaging, e-books, telecommunication devices, more
and more persons with different types of disabilities
will be attracted to tele-education. Although many
projects are underway in different parts of the world
to improve the standards of tele-education and help
the general and technical education to the disabled
population, Indian scientists should come forward to
take a lead in this field and help the large population
of PWDs in this great nation. In this great noble and
humanitarian task, we hope to continue our crusade
against disability and look forward to a bright future
for the disabled population of India. During the Decade
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of Disabled (1983-92), Asia & Pacific Decade of
Disabled (1993-2002), Biwako Millennium (2003-2012);
both Government and non-Government Agencies have
initiated suitable measures so as to enable PWDs to
enjoy their rights of receiving information.

fu’d’kZ
;g vkîkk dh tkrh gS fd 21oha lnh esa Hkkjr esa fodykaxksa
ds ykHk ds fy, vxz.kh ,tsfUl;ksa ds }kjk baVjusV ij dbZ osc
lkbZVksa dks “kq: fd;k tk ldrk gSA pawfd lwpuk izkS|ksfxdh
ds {ks= esa nsîk rsth ds lkFk fodkl dh vksj c<+ jgk gS] ;g
vk”kk O;Dr dh tkrh gS fd ubZ lglzkCnh esa fodykaxksa ds
fy, fo”kky Hkfo’; gksxkA ge yksdrkaf=d Hkkjr esa jg jgs gSaA
yksdra= dk eryc ikjnf”kZrk gksrk gS vkSj lwpuk vf/kdkj ds
fy, ikjnf”kZrk [kM+h gSA Hkkjr rsth ls vkS|ksxhdj.k ds lkFk
lwpuk “kfUr dh vksj c<+ jgk gSA lwpuk izkS|ksfxdh ekuoh;
thou ds gj igyw ds ifjorZr dk ,tsUV gSA f”k{kk ,d f”kf{kr
lekt dks cuk jgh gS tcfd lwpuk izkS|ksfxdh bls Kku
vk/kkfjr cuk jgh gSA ,d ubZ tkx#drk ds vuqiz;ksxksa us
gekjs lekftd vkSj vkfFkZd thou esa o`f) dh gSA ;s rsth ds
lkFk gekjs xzkeh.k {ks=ksa esa izos”k dj jgs gSaA ;g rsth ds lkFk
egŸoiw.kZ gksrk tk jgk gS fd yk[kksa yksx fodykax vkSj iquZ
izfr’Bk okys is”ksoj ds lkFk viuh futh lksp dks tkudkjh
vk/kkfjr iquZlq/kkj ^cgkyh* fodflr djus ds fy, vkSj csgrj
;kstukvksa ,oa lsokvksa dks rS;kj djus ds fy, bldk bLrseky
dj jgs gSaA Vsyh&f”k{kk u dsoy yksd fuekZ.k foHkkx ds
fy, mi;ksxh gS cfYd lekt ds fy, Hkh lkekU; :Ik ls
mi;ksxh gSA baVjusV dh lqfo/kkvksa esa lq/kkj] cSaMfoM~Fk vkSj
ikB lans”kksa ds :i esa vk/kqfud midj.k] bZ&fdrkcsa] nwjlapkj
midj.kksa ds lkFk fofHkUu izdkj dh fodykaxrk okys vf/kd ls
vf/kd yksxksa dks Vsyh fîk{kk dh vksj vkdfíkZr fd;k tk,sxkA
;|fi Vsyh&f”k{kk ds Lrj esa lq/kkj vkSj fodykax vkcknh dks
lkekU; vkSj rduhdh f”k{kk esa enn djus ds fy, nqfu;k Hkj
ds fofHkUu fgLlksa esa dbZ ifj;kstuk,a py jgh gSa] bl egku
jk’Vª esa Hkkjrh; oSKkfudksa dks bl {ks= dk usr`Ro djus ds fy,
vkSj yksd fuekZ.k foHkkx dh cM+h vkcknh dh enn ds fy, vkxs
vkuk pkfg,A bl egku vkn”kZ vkSj ekuoh; dk;Z esa] geus
fodykaxrk ds f[kykQ ,d eqfge pyk j[kh gS vkSj Hkkjrh;
fodykax vkcknh ds fy, ,d mTtoy Hkfo’; dh mEehn txkbZ
gSA fodykax n”kd 1983-92] ,f”k;k vkSj i”kkar fodykax n”kd
1993&2002] fcokdks feysfu;e 2012&2013 ds nkSjku ljdkjh
vkSj xSj ljdkjh nksuksa gh ,tsfUl;ksa us tkudkjh izkIr djus ds
vius vf/kdkj dk vkuUn ysus ds fy, yksd fuekZ.k foHkkx dks
l{ke esa mi;qDr mik; fd;s gSaA
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lkjka”k
;g v/;;u Hkkjr esa mPp f'k{kk laLFkkuksa }kjk osc 2-0 VwYl dks viuk, tkus ij ppkZ djus ds laca/k esa gSA
;g i= fofHkUu mPp f'k{kk laLFkkuksa] ;Fkk vkbZvkbZVh] vkbZvkbZ,e vkSj ,El] esa osc 2-0 VwYl ds çlkj dks ekius
dk ç;kl djrk gSA laLFkkvksa ds osclkbVksa dk vyx&vyx losZ{k.k fd;k x;k vkSj muds osclkbVksa ij miyC/k
osc 2-0 Vwy dk v/;;u fd;k x;kA ns'k ds dqy 36 mPp f'k{kk laLFkkuksa ij fopkj fd;k tk jgk vkSj os 62 osc
2-0 VwYl dk ç;ksx djrs gSaA v/;;u esa ik;k x;k fd v/;;u ds varxZr 'kkfey dqy tula[;k esa vkbZvkbZVh dh
la[;k 44-4 izfr'kr] vkbZvkbZ,e dh la[;k 36-11 izfr'kr] vkSj ,El dh la[;k 19-44 izfr'kr gSA
Abstract
This study is to discusses the adoption of Web 2.0 tools by Institutions of Higher Education (IHE)
in India. This paper attempts to measure the dissemination of Web 2.0 tools in various IHE that is,
IITs, IIMs, and AIIMS. The websites of Institutions were surveyed individually and the web 2.0 tools
available on their websites was studied.A total 36 institutions of higher education of the country are being
considered and they use 62 Web 2.0 tools.The study found that 44.44 per cent of the total population
under study consists of IITs, 36.11 per cent of IIMs, and 19.44 per cent of AIIMS.
Keywords: Web 2.0, www, internet, institutions of higher education, IITs, IIMs, AIIMS, India.

1.

Introduction
The World Wide Web (WWW) was born on August
6, 1991, when the first web page was launched on
the Internet by Sir Tim Berners-Lee (Fig.1). Sir Tim
Berners-Lee said that “the Web is more a social
creation than a technical one. I designed it for a
social effect to help people work together and not
as technical toy” 1 .The growth of the Internet has
had a revolutionary effect on society. It changes the
obstacle of the distance from the communication
process. Web is a practical interface to a compound
network of computers and data. In Asia alone, there
are about 1076.7 millions of Internet users which are
the largest number of Internet users (44.8%). The
growth of world total internet users in 2011-2012 is
566.4% (Table.1).
The information age, the Internet is an ocean of
information and is used in every walk of life these
days. It provides information on the fields of business
science, education, government and non-governmental
organizations, etc. It is one of the facilities through
which the information can be stored, retrieved, arranged,
and transmitted back to the users quickly, in a timely

Figure 1. Sir Tim Berners-Lee’s website is a page of links to
share data and news.

fashion, and accurately 2 . Internet can create both
synchronous communication, including chat rooms and
instant messages, occurs in real-time. It can happen in
single location through employing office application
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Table 1. World internet usage and population statistics June 30, 20126.
World Regions

Population
(2012 Est.)

Internet Users
Dec.,31,2000

Internet Users
Latest data

Penetration
(% Population)

Growth
2000-2012

Users % of
Table

Africa

1,073,380,925

4,514,400

167,335,676

15.60%

3606.70%

7.00%

Asia

3,922,066,987

114,304,000

1,076,681,059

27.50%

841.90%

44.80%

Europe

816,372,817

105,096,093

518,512,109

63.50%

393.40%

21.50%

Middle East

223,608,203

3,284,800

90,000,455

40.20%

2639.90%

3.70%

North America

348,280,154

108,096,800

273,785,413

78.60%

153.30%

11.40%

Latin America/
Caribbean

592,994,842

18,068,919

254,915,884

43.00%

1310.80%

10.60%

Oceania/
Australia

35,815,913

7,620,480

24,279,579

67.80%

218.60%

1.00%

World Total

7,012,519, 841

360,985,492

2,405,510,175

34.30%

566.40%

100.00%

or in multiple locations with using conference calls,
webinars, multiparty text chat, Google text, Microsoft
SharePoint, Windows Live SkyDrive, Videoconferencing.
On the other hand, asynchronous communication such
as emails, blogs, discussion forum, and team survey
allows people to respond to communications 3. Fast
and easier access to the Internet through computers
and the handheld mobile devices, and the interactive
characteristics of recently developed Web 2.0 tools
have allowed users to collaborate in virtual societies.
Web 2.0 is a shared web development platform that
refers to the accumulative changes in the ways software
developers and users succeed profits from the web 4.
Incurrent years, Web 2.0 technologies have become
most popular among the younger generation to make
communication effective and interactive 5.
In the late 1990s, user profiles became a central
characteristic of social networking sites (Fig. 2),
allowing users to compile lists of "friends" and search
for other users with similar interests. New social
networking methods were developed in 1990s and
many sites began to develop more advanced features
for users to find and manage friends 7. This newer
generation of social networking sites began to grow
with SixDegrees.com in 1997, followed by Makeoutclub
in 2000, Friendster in 2002 and became part of the
Internet mainstream. MySpace and LinkedIn a year
later, and finally Bebo, and Facebooklaunched in 2004,
has since become the largest social networking site in
the world. Information system of social networking is
that support interactions on a social network.
Hossain and Aydin 8 identified, “social networking
applications such as blogs, discussion forums, podcasts,
and wikis are the successful implementations of the
new generation of web 2.0 technologies. These provide
web 2.0based applications, programs, and services
including web hosting, text-audio-video sharing,
communication, social interaction, and many more.
Web 2.0-based applications such as Facebook, LinkedIn,
MySpace, Twitter, and YouTube enable users to share

Figure 2. Social media.

ideas, opinions, and interests within their individual
networks over the internet in convenient ways. The
free, open, collaborative, and interoperable features
of Web 2.0 technologies allow users to create many
virtual communities at home and abroad free of charge”.
Macaskill and Owen 9 have defined Web 2.0 tools as
a “web-based platform which allows users to gain
access, contribute, describe, harvest, tag, annotate and
bookmark web mediated content in various formats,
such as text, video, audio, pictures and graphs”.
Anderson 10 stated that “there are a number of
webbased services and applications that demonstrate
the foundations of the Web 2.0 concept, and they are
already being used to a certain extent in education and
research. These are not really technologies as such, but
services or user processes built using the building blocks
of the technologies and open standards that underpin
the Internet and the web. These include blogs, wikis,
and multi-media sharing services, content syndication,
podcasting and content tagging services”.
O'Reilly 11 defines “the web 2.0 is the network as
platform, spanning all connected devices; Web 2.0
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applications are those that make the most of the intrinsic
advantages of that platform: delivering software as a
continually-updated service that gets better the more
people use it, consuming and remixing data from
multiple sources, including individual users, while
providing their own data and services in a form that
allows remixing by others, creating network effects
through an "architecture of participation," and going
beyond the page metaphor of Web 1.0 to deliver rich
user experiences”.

2.

INSTITUTIONS OF HIGHER
EDUCATION
India higher education system is the third largest
in the world, next to the United States and China.
The main governing body at the tertiary level is the
University Grants Commission, which enforces its
standards, advises the government, and helps coordinate
between the centre and the state.
Some institutions of India, such as the Indian
Institutes of Technology (IITs), Indian Institutes of
Management (IIMs), All India Institutes of Medical
Sciences (AIIMS), National Institute of Technology
(NITs), International Institute of Information Technology
(IIIT-H), Aligarh Muslim University (AMU), Banaras
Hindu University (BHU) University of Mumbai and
Jawaharlal Nehru University have been globally
acclaimed for their standard of education. The IITs
enroll about 8000 students annually and the alumni
have contributed to both the growth of the private
sector and the public sectors of India. However, India
still lacks internationally prestigious universities such
as Harvard, Cambridge, and Oxford 12.
3.	REVIEW OF LITERATURE
Literature plays a very significant role in research
activities, as it forms the very first step of a research
pursuit. In this study an attempt has been made to
cover few works which have been undertaken in India
and abroad.
The purpose of the study conducted by,IsfandyariMoghaddam and Hosseini-Shoar 13 was to identify
factors affecting the adoption of Web 2.0 tools by
librarians of academic libraries located in Hamedan,
Iran. The study found that totally, ten broad factors
affecting the adoption of Web 2.0 tools by the librarians
were identified. The most effective factors are job
conditions, changeability, skills, competitiveness, and
saving time.
In James Baxter14 paper, one of the principal findings
that it indicates the importance of reviewing social
and cultural factors in organizations when introducing
Web 2.0 technologies in the work place. As far as
technical issues with the intention of impact on the
implementation of web 2.0 tools in organizations, this
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issue also explores subject matters such as the dilemma
of whether a top-down or a bottom-up approach is
more effective towards engaging staff in the adoption
of web 2.0 tools at work.
Ahmad, Hussain and Aqil 15 study focused on usage
of web 2.0 tools by Saudi's Private and Public Saudi
Universities. The study only considers those web 2.0
tools which are linked on websites of universities.
This is the first kind of study which revealed use
and awareness of web 2.0 tools such as Facebook,
Twitter, YouTube, RSS feed, Flickr, LinkedIn, Tumblr
and Google+ within Saudi Universities.
According to London16 found that web 2.0 functionality
differs from traditional, primarily face-to-face modes
of work and learning. Web 2.0 technologies could be
promote generative learning processes in which team
members were open to new ideas, explore new ways
of interacting, and apply their learning.
Margam and Noushad 17 attempted to revealed that
study websites are lagging behind in exploiting the
full potential of the multimedia features,particularly,
audio and video features as well as instructional
tools, currency, and Web/Library 2.0 features.The
consequences of the study focused that many of the
study IIM library websites in India was ranked above
average mainly providing general information of the
library and their services. The study website with the
highest score is for IIM-Lucknow with 65.92 per cent
(89 out of 135) and the least scored study website
belongs to IIM-Bangalore with 42.96 per cent (58/135).
These findings open the door to librarians to explore
the possibilities of communication, promotion, text
responses, and catalogue access via mobile technology
with the help of library websites.
Lwoga 18 carried out a study on the extent to
which learning and web 2.0 technologies are utilized
to support learning and teaching in Africa’s higher
learning institutions, with a specific focus on Tanzania’s
public universities. The study also found that these
universities faced a number of challengesin their
adoption and use of Web 2.0, such as:
1. the poor technological infrastructure,
2. awareness and attitudes towards e-learning,
3. the lack of local expertise in curriculum development
for e-learning, and,
4. the lack of ICT technical support to support
e-learning initiatives.
Garoufallou and Charitopoulou19 found that although
most of the students have heard of the term web
2.0 and its tools, further knowledge of the subject
is limited. This lack of knowledge was apparent
in the poor ways that students exploited web 2.0
features. The questionnaire, which was divided into
two sections, examined the knowledge and use of web
2.0 tools by students, and further explored the use of
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web 2.0 tools in the educational process. The results
of this study provided insightful information to the
Greek LIS community in order to better understand
students' behaviour, with a view to encouraging the
incorporation of new elements into the curriculum
with regard to Web 2.0.
Han and Liu 20 were to explore the status and
construction pattern of web 2.0 technologieshired in
top Chinese university libraries.The major finding of
the study were more than 2/3rdthe 38 top Chinese
university libraries apply one or more kinds of web
2.0 tools through the elementary functions of their
web sites. Among six types of tools, Catalog 2.0
andRSS are the most common, while IM, Blog, SNS
and Wiki are less frequent.
Chaurasia 21 has conducted a study under title
“comparative study in adoption of web 2.0 technologies
between western and Arab universities”. The main
findings of the study were: the status of web 2.0
applications usage in education sectors is inadequate
in Arab world, as compared to western universities.
Sriram, Anbu K. and Kataria 22 study was to provide
an insight into the implementation of selected of the
innovative Web 2.0 applications at Jaypee University
of Information Technology (JUIT) with the aim of
exploring the expectations of the users and their
awareness and usage of such applications
In Grosseck 23 article, the main finding of the study
was: the latest generation of web 2.0 technologies (blogs,
wikis, RSS etc.) are quickly becoming ubiquitous,
offeringmuch unique and powerful information, sharing
and collaboration features. The study also found that
all the experts from the educational field (teachers,
tutors, trainers,administrators, or those responsible
for policies) focused the web 2.0 technologies have
efficient and promising both forthe educational process
and for self-development.

4.

SCOPE OF THE STUDY
This study discusses the adoption of web 2.0 by
the institutions of higher education in India. This paper
attempts to measure the dissemination of web 2.0 tools
in selected institutions of IHE that is, IITs, IIMs and
AIIMS. This study only goes for analysis of Facebook
and Twitter because these both tools are significantly
more popular among all of web 2.0 tools.
5. 	METHODS
These tools are measured on the basis of their
usage in selected institutions of higher education in
India. Web 2.0 has already available the IITs, IIMs
and AIIMS websites of the home pages. This study
consisted of four phases
a. Browsed all IITs,IIMs and AIIMS websites and
linked web 2.0 tools 'profile on them on February

and March, 2014.
Count occurrences.
Analyze the results, and
Discussion & Suggestion.
In this study total 36 institution of higher education
of the country are being analyzed and they use 62
web 2.0 tools.The study only considers those web 2.0
tools which are linked to websites of Institutions.
b.
c.
d.

6.	RESULTS AND DISCUSSION
The data collected from all linked web 2.0 profile
following on Indian institutions websites. For further
analysis, the authors visited Facebook and Twitter
profiles of Indian institutions organized data in excel
programs as tabulated form and gathered findings.
The Table 2 shows that 44.44% of the total
population under study consists of IITs, 36.11% IIMs,
19.44% of AIIMS.
Table 2. Size of the sample
Institutions of Higher Education

No. of
institutions

% age

Indian Institute of Technologies (IITs)

16

44.44

Indian Institute of Management (IIMs) 13

36.11

All India Institutes of Medical
Sciences (AIIMS)

07

19.44

Total

36

100.00

The study was conducted to understand the awareness
regarding Web 2.0 tools such as Facebook, Twitter,
Google+, Blogs, LinkedIn, YouTube, RSS feed, Wiki
and ilive in the institutions of higher education in India.
Results indicate that Facebook 16 (44.44 %), Twitter
12(33.33%), Google+ 9(25%) web 2.0 tools are most
popular among them as indicated in Table 3.
Table 4 reveals that Web 2.0 tools IITs (4), IIMs
(9) and AIIMS (3) are using Facebook followed by
Twitter same order as IITs(4) as well as IIMs(8),
Table 3.	Web 2.0 tools used by the institutions of higher
education in India
Web 2.0 Tools

No. Web 2.0 Tools

% Web 2.0 Tools

Facebook

16

44.44

Twitter

12

33.33

Google+

9

25.00

Blogs

8

22.22

LinkedIn

6

16.67

YouTube

5

13.89

RSS feed

3

8.33

Wiki

2

5.56

ilive

1

2.78
(n=36)
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Table 4. Web 2.0 tools used by the institutions of higher
education
Web 2.0 application

IITs

IIMs

AIIMS

Total

%age

Facebook

4

9

3

16

25.81

Twitter

4

8

0

12

19.35

Google+

4

5

0

9

12.90

Blog

2

5

1

8

14.52

LinkedIn

2

4

0

6

9.68

YouTube

2

3

0

5

8.06

RSS feed

2

1

0

3

4.84

Wikipedia

1

1

0

2

3.23

ilive

0

1

0

1

1.61

Total

21

37

4

62

100.00

while IITs(2), IIMs (5), and AIIMS (1) are used as
Web 2.0 tools as Blogs. This table further reveals that
only one IITs is using Web 2.0 tools.
Table 5 shows that 2 out of 16 IITs have linked
on their facebook profile websites as well as 2 have
given back link of their institutions of higher education
facebook profiles.This table further reveals that only
2 IITs have formed standard user names on facebook,
while 2 out of 4 IITs have mentioned their Facebook
joining date on their profiles. IITGandhinagar is the
first facebook joined members of IITs.

Table 5 also shows that IIT Madras has the
maximum numbers of "likes" on Facebook. The India
Institute of Technology Gandhinagar and India Institute
of Technology Bombay have "likes" on Facebook in
chronological order.
Table 6 shows that 8 out of 13 IIMs have linked
on their facebook profiles, while one have given back
links of their institute on Facebook profiles.The table
6 further reveals that IIM Lucknow has the majority
of "liked" on Facebook, followed by IIM Calcutta,
IIM Kozhikode, IIM Ranchi, IIM Kashipur, IIM
Tiruchirappalliand IIM Udaipur.
Table 7 shows that 3 out of 7 AIIMS have linked
on their facebook profile. This table further reveals that
only 2 AIIMS shaped standard user name on facebook
account. AIIMS New Delhi is the oldest institutions
of higher educationin India but has not adopted ant
web 2.0 tools, that is, Facebook, LinkedIn,Twitter
etc. Table 7 also shows that AIIMS Raipur has the
maximum numbers of "likes" on Facebook. The AIIMS
Bhopal and AIIMS Patna have "likes" on Facebook
in chronological order.

7. 	CONCLUSION AND
RECOMMENDATIONS
This study discusses the adoption of web 2.0 by
the institutions of higher education in India. In this
paper found that maximum numbers of web 2.0 tools

Table 5. Indian Institute of technology's liked on facebook
IITs

Facebook liked

User Name (FB)

Facebook’s link on Web

Facebook Joined/Found

IITKGP

NA

NA

NA

NA

IITB

172

Central Library, IITB

√

05-01-13

IITM

17,867

www.facebook.com/ReachIITM

No

NA

IITK

NA

NA

NA

NA

IITD

NA

NA

NA

NA

IITG

NA

NA

NA

NA

IITR

0

http://www.iitr.ac.in/

No

NA

IITH

NA

NA

NA

NA

IITP

NA

NA

NA

NA

IITGN

1464

www.facebook.com/pages/IITGandhinagar/139092996158047

√

03-11-11

IITBBS

NA

NA

NA

NA

IITRPR

NA

NA

NA

NA

IITJ

NA

NA

NA

NA

IITI

NA

NA

NA

NA

IIT Mandi

NA

NA

NA

NA

IIT BHU

NA

NA

NA

NA
NA=Not Available
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Table 6. Indian institute of managements liked on facebook
IIMs

Facebook
liked

User Name (FB)

Facebook’s link
on Web

Facebook Joined/
Found

IIM-C

8839

www.facebook.com/iimcalcutta

√

Founded 01-111961

IIM-A

994

www.facebook.com/VikramSarabhaiLibrary

√

2010

IIM-B

NA

NA

NA

NA

IIM-L

11739

www.facebook.com/IIMLucknow?fref=ts

√

Founded 1984

IIM-K

6288

www.facebook.com/pages/IIMKozhikode/101851176539713?ref=hl

NA

Founded 1997

IIM-I

NA

NA

NA

NA

IIM-S

2245

https://www.facebook.com/IIM.Shillong

√

Founded 2008

IIM-Rohtak

NA

NA

NA

NA

IIM-R

7096

www.facebook.com/pages/Indian-Institute-of-ManagementRanchi/136020619772680?ref=ts

√

NA

IIM-Raipur

NA

NA

NA

NA

IIM-T

1460

https://www.facebook.com/IIMTiruchirappalli

√

Founded 04-012011

IIM-U

1459

https://www.facebook.com/IIMUdaipur

√

06/20/2011

IIM-Kashipur

2708

www.facebook.com/IndianInstituteOfManagementKashipur

√

Founded 2011
NA=Not Available

Table 7. All India institute of medical sciences liked on facebook
AIIMS

Facebook liked

User Name (FB)

Facebook’s link on Web

Facebook Joined/Found

AIIMS New Delhi

NA

NA

NA

NA

AIIMS Bhopal

916

www.facebook.com/bhopalaiims

√

Founded 18-09-2012

AIIMS Bhubaneswar

NA

NA

NA

NA

AIIMS Jodhpur

NA

NA

NA

NA

AIIMS Patna

386

www.facebook.com/groups/
410241208997671

No

No

AIIMS Raipur

1502

www.kfu.edu.sa/en/Deans/Library
/Pages/Home1.aspx

√

Founded 24-9- 2012

AIIMS Rishikesh

NA

NA

NA

NA
NA=Not Available

used by IIMs, IITs and AIIMS of the total population of
the study. It is found that facebook are the most used
by IIMs after that Twitter, Google+, Blogs,LinkedIn
and YouTube.
Based on the analysis it becomes clear that the
IIM Lucknow, IIM Madras and AIIMS Raipur have
available maximum numbers of liked on facebook
profiles. AIIMS New Delhi is the oldest institutions
of higher education in India in the field of medical
sciences but has not adopted any web 2.0 tools,that
is, Facebook, LinkedIn, and Twitter etc. This is the

drawback of the institution. It is recommended that
the institutions of higher education in India should
implement entire web 2.0 tools for the usages of
state-of-the-art by users. It is hoped that study IHE
shall be attend to this lacuna and rapidly develop
more interactive and up-to-date dynamic content, Web
2.0 and Web 3.0-based features, instant messaging
(IM) reference services, virtual library tours, floor
maps, online library calendar, FAQs, bulletin boards,
discussion forums, Listserve, web counter, effective
searching features, etc.
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fu’d’kZ
;g v/;;u Hkkjr esa mPp f'k{kk laLFkkuksa }kjk osc 2-0 VwYl
dks viuk, tkus ij ppkZ djus ds laca/k esa gSA bl i= esa ik;k
x;k fd v/;;u esa 'kkfey dqy tula[;k esa vf/kdre la[;k esa
osc 2-0 VwYl vkbZvkbZVh] vkbZvkbZ,e vkSj ,El esa mi;ksx fd;k
tkrk gSA ;g ik;k x;k gS fd fofHkUu vkbZvkbZ,e }kjk Qslcqd
dk lokZf/kd mi;ksx fd;k tkrk gS] ftlds ckn fV~oVj] xwxy+]
Cy‚Xl] fyaDMbu vkSj ;wVîwc dk uEcj vkrk gSA
fo'ys"k.k ij ;g Li"V gks x;k fd vkbZvkbZ,e y[kuÅ]
vkbZvkbZ,e eækl vkSj ,El jk;iqj Qslcqd çksQkbyksa esa
vf/kdre la[;k esa ^ykbDM* j[krs gSaA ,El] ubZ fnYyh vk;qfoZKku
ds {ks= esa Hkkjr dk lcls iqjkuk mPp f'k{kk laLFkku gS] ysfdu
blus fdlh Hkh osc 2-0 VwYl] tSls Qslcqd] fyaDMbu] vkSj
fV~oVj bR;kfn dks ugha viuk;k gSA ;g bl laLFkk dh [kkeh
gSA ;g flQkfj'k dh tkrh gS fd Hkkjr esa mPp f'k{kk laLFkkuksa
dks] ç;ksäkvksa }kjk vR;k/kqfud çkS|ksfxdh dk mi;ksx fd, tkus
ds fy,] lEiw.kZ osc 2-0 VwYl dks ykxw djuk pkfg,A ,slh vk'kk
dh tkrh gS fd mPp f'k{kk laLFkku bl deh dh vksj /;ku
nsaxs rFkk vkSj vf/kd vU;ksU;fØ;kRed vkSj v|ru cgqvk;keh
varoZLrq] osc 2-0 vkSj osc 3-0 vk/kkfjr fo'ks"krkvksa] rR{k.k
lans'k ¼vkbZ,e½ lanHkZ lsokvksa] vkHkklh iqLrdky; Hkze.k] ¶yksj
ekufp=ksa] v‚uykbu iqLrdky; dSyUMjksa] vDlj iwNs tkus okys
ç'uksa] lekpkj cksMksaZ] ppkZ eapksa] fyLVloZ] osc dkmaVj] çHkkoh
[kkst fo'ks"krkvksa] bR;kfn dks rsth ls fodflr djsaxsA
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lkjka”k
vuqdwy lqj{kk ekunaMksa ds vHkko esa lSdM+ksa [kku Jfed Hkkjro’kZ esa viuh tku xok nsrs gSaA lwpuk izkS|ksfxdh
dk foLrkj dkQh rsth ls gks jgk gS] tSlk fd fnu&izfrfnu blds u;s&u;s vuqiz;ksx ns[kus dks feyrs gSaA ijarq
nqHkkZX;o”k lwpuk izkS|kssfxdh dk mi;ksx [kuu {ks= esa rqyukRed :i ls de gSA [kuu {ks= dks Hkh mUur lwpuk
izkS|ksfxdh ds iz;ksx ls oafpr ugh j[kk tkuk pkfg,A
Abstract
	Hundreds of miners lost their lives in the coal mines in India due to lack of proper safety measures.
Information Technology advancement is moving rapidly as every day we come across new IT applications
but unfortunately the uptake of IT tools in mining sector is comparatively slow. The advancement of IT
tools in mining sector should not be left out.
Keyword: Modules, network sensors, web-based information

1.

Introduction
It has been noticed that India is lacking in the
effective use of Information Technology tools in
the Coal Mining Industry in India. The coal mining
industry has to improve upon its production and safety
by computerized online monitoring, implementation of
wireless communication system in underground mines
and using IT-based systems for achieving the production
targets. In this paper, light has been thrown on the
scope of IT applications in Coal Mining Industry in
India.
2.

IT Application in Coal Mines
The management needs a complete history of daily
targets and achievements, output per man shift, etc.
for the effective mine management. Using the sensors
and computers Mine Manager can be pro-active in time
measurement. Seeing the web-reports generated by
the system, it is easy to demarcate the grey areas and
the priority can be set for the allocation of resources
for improvement in the production and productivity.
Information technology is an effective tool in
personnel management. The employees’ data can be
maintained at mine level, preventing delay in dealing
with personnel records. Each individual data can be

maintained for improving the discipline and increase
in productivity.
It is seen that almost every year sow disasters
happen in coal mines causing major accidents including
death of miners and heavy losses of property. The
computrerized online monitoring of pump operation and
water-level using sensors is essential for the detection
of faults. Using the computerized relational database
management system (RDBMS), the safety related
data could be easily searched wherever required. The
analysis of data can identity areas of weaknesses in
the mine safety system and the data can be used in
the decision-making process.
Using the wireless communication system in coal
mines, machine breakdown time is saved, and help in
passing communication from underground to surface
for the rescue operations can be taken up.
The computerized online sensor based environmental
monitoring system can be deployed in Indian coal
mines which will provide online visual representation
of trend of all monitored parameters and to give a
warning alarm when it reaches the threshold limit. The
Mine Manager can take advantage of this for taking
an appropriate action. This would also help in early
detection of fire, proper ventilation planning, etc.
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Information Technology tools is very effective
in the post-disaster management. The RDBMS can
provide the information about accident-prone areas,
probable remedies, emergency response plan, first-aid
list, rescue trained personnel with complete address.
By using this tool, the mobilization of resources can
be effectively managed to rescue the trapped miners
without any further delay. As it is seen that during any
mishap, there is misplacement of statute books, but
if the reports are made available in the web-enabled
database, the information can be searched easily. It is
helpful in providing assistance and benfits to affected

people. The computerized attendance monitoring system
can be used during the emergency period.
The statutory requirements data can be made
online for retriving the required information as and
when required.

3.	Coal Mines Disasters – Dhanbad
District, India
It has been seen from the Table 1 that the main
cause of accidents during last 5 years (2008-2012) is
mainly due to fall of person into height/into depth.
Rope haulage, dumpers, conveyors, etc.

Table 1. Causes of accidents in coal mines of Central Zone, Dhabad, India (Source : DGMS, Dhanbad)
Year

Name of Mine

Date of
Accident

Owner

Brief Cause

Place of Accident

2009

MOONIDIH PROJECT

13-May-09

Bharat Coking Coal Ltd.

Conveyors

> 10m of longwall face

2010

BHELATAND
AMALGAMATED

01-Oct-10

Tata Iron & Steel Co. Ltd.

Conveyors

Conveyor roadways

2010

MOONIDIH PROJECT

24-Sep-10

Bharat Coking Coal Ltd.

Cutting Machines

< 10m of development face

2011

CHAPAPUR

20-Oct-11

Eastern Coalfields Ltd.

Drilling Machines

< 10m of face

2011

AKASHKINARI

15-Nov-11

Bharat Coking Coal Ltd.

Drilling Machines

Other belowground places

2010

SIJUA

31-Dec-10

Tata Iron & Steel Co. Ltd.

Drowning in Water

< 10m of face

2011

GOVINDPUR PROJECT 16-Jan-11

Central Coalfields Ltd.

Drowning in Water

Unclassified

2012

DHORI KHAS

28-Aug-12

Central Coalfields Ltd.

Drowning in Water

< 10m of development face

2008

LOHAPATTI

31-Mar-08

Bharat Coking Coal Ltd.

Dumpers

Other transportation roads

2008

MURAIDIH

21-Nov-08

Bharat Coking Coal Ltd.

Dumpers

Workshop powerhouse engine
room etc.

2008

SENDRA BANSJORA

14-Dec-08

Bharat Coking Coal Ltd.

Dumpers

Unclassified

2009

SOUTH TISRA OCP

15-Jan-09

Bharat Coking Coal Ltd.

Dumpers

Unclassified

2009

KUMARDHUBI

18-Mar-09

Eastern Coalfields Ltd.

Dumpers

Unclassified

2009

KUSUNDA

23-May-09

Bharat Coking Coal Ltd.

Dumpers

Waste/overburden hard rock

2009

NEW AKSHKINAREE

09-Jul-09

Bharat Coking Coal Ltd.

Dumpers

Transportation road/sites

2010

SELECTED DHORI
QRY.NO.1 (KALYANI
PROJ.)

28-Jan-10

Central Coalfields Ltd.

Dumpers

Aerial ropeways

2010

MURAIDIH

17-Feb-10

Bharat Coking Coal Ltd.

Dumpers

Haul roads

2010

KARGALI OCP

08-Mar-10

Central Coalfields Ltd.

Dumpers

Railway lines belonging to
mines

2010

KARO I

02-Apr-10

Central Coalfields Ltd.

Dumpers

Coal/ore benches

2010

BHOWRA (NORTH)

06-Sep-10

Bharat Coking Coal Ltd.

Dumpers

Waste/overburden hard rock

2010

GONDUDIH

15-Dec-10

Bharat Coking Coal Ltd.

Dumpers

Other transportation roads

2010

MUDIDIH

21-Dec-10

Bharat Coking Coal Ltd.

Dumpers

Haul roads

2010

AMALGAMATED
KESHALPUR-WEST
MUDIDIH

25-Dec-10

Bharat Coking Coal Ltd.

Dumpers

Top of the quarry

2010

CHASNALLA

27-Dec-10

Indian Iron & Steel
Company Ltd.

Dumpers

Waste dump

2011

GOPINATHPUR

21-Feb-11

Eastern Coalfields Ltd.

Dumpers

Haul roads

2011

SHATABDI OCP

10-Apr-11

Bharat Coking Coal Ltd.

Dumpers

Other transportation roads
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2011

SAWANG

03-Dec-11

Central Coalfields Ltd.

Dumpers

Other places (specify)

2012

AMALGAMATED
KESHALPUR-WEST
MUDIDIH

28-Jan-12

Bharat Coking Coal Ltd.

Dumpers

Top of the quarry

2012

KUJAMA

02-Feb-12

Bharat Coking Coal Ltd.

Dumpers

Other transportation roads

2012

JEENAGORA

25-Mar-12

Bharat Coking Coal Ltd.

Dumpers

Other transportation roads

2012

AMALGAMATED
KESHALPUR-WEST
MUDIDIH

28-Apr-12

Bharat Coking Coal Ltd.

Dumpers

Haul roads

2012

MUDIDIH

17-Jun-12

Bharat Coking Coal Ltd.

Dumpers

Unclassified

2008

TETULMARI

14-Jan-08

Bharat Coking Coal Ltd.

Fall of Objects incl.
Rolling Objects

Unclassified

2008

LOYABAD

17-Jan-08

Bharat Coking Coal Ltd.

Fall of Objects incl.
Rolling Objects

Unclassified

2008

MANDAMAN

18-Feb-08

Eastern Coalfields Ltd.

Fall of Objects incl.
Rolling Objects

Rope haulage roadways

2008

BLOCK II OCP

26-Feb-08

Bharat Coking Coal Ltd.

Fall of Objects incl.
Rolling Objects

Workshop powerhouse engine
room etc.

2008

KHOODIA U/G

11-Jun-08

Eastern Coalfields Ltd.

Fall of Objects incl.
Rolling Objects

> 10m and within working
district

2008

NORTH TISRA U/G

19-Jul-08

Bharat Coking Coal Ltd.

Fall of Objects incl.
Rolling Objects

Haul roads

2008

BADJNA

08-Aug-08

Eastern Coalfields Ltd.

Fall of Objects incl.
Rolling Objects

< 10m of face

2008

NOONODIH JITPUR

12-Sep-08

Indian Iron & Steel
Company Ltd.

Fall of Objects incl.
Rolling Objects

> 10m of longwall face

2008

JEENAGORA

06-Nov-08

Bharat Coking Coal Ltd.

Fall of Objects incl.
Rolling Objects

Unclassified

2009

MOONIDIH PROJECT

09-May-09

Bharat Coking Coal Ltd.

Fall of Objects incl.
Rolling Objects

> 10m of longwall face

2009

DHANSAR

11-Jul-09

Bharat Coking Coal Ltd.

Fall of Objects incl.
Rolling Objects

< 10m of development face

2009

TETULMARI

17-Sep-09

Bharat Coking Coal Ltd.

Fall of Objects incl.
Rolling Objects

Coal/ore benches

2010

10/12 PITS KACHHI
BALIHARI

22-May-10

Bharat Coking Coal Ltd.

Fall of Objects incl.
Rolling Objects

Workshop powerhouse engine
room etc.

2010

BAGDIGI

09-Jul-10

Bharat Coking Coal Ltd.

Fall of Objects incl.
Rolling Objects

Other belowground places

2010

AMALGAMATED
KESHALPUR-WEST
MUDIDIH

11-Aug-10

Bharat Coking Coal Ltd.

Fall of Objects incl.
Rolling Objects

Other belowground places

2010

JAMADOBA

04-Sep-10

Tata Iron & Steel Co. Ltd.

Fall of Objects incl.
Rolling Objects

< 10m of face

2010

SENDRA BANSJORA

23-Nov-10

Bharat Coking Coal Ltd.

Fall of Objects incl.
Rolling Objects

> 10m and within working
district

2010

NOONODIH JITPUR

26-Nov-10

Indian Iron & Steel
Company Ltd.

Fall of Objects incl.
Rolling Objects

Other belowground places

2010

MOONIDIH PROJECT

14-Dec-10

Bharat Coking Coal Ltd.

Fall of Objects incl.
Rolling Objects

> 10m but < 30m

2010

NOONODIH JITPUR

18-Dec-10

Indian Iron & Steel
Company Ltd.

Fall of Objects incl.
Rolling Objects

Other belowground places

2010

SUDAMDIH INCLINE

22-Dec-10

Bharat Coking Coal Ltd.

Fall of Objects incl.
Rolling Objects

Unclassified

2011

KUYA

17-Feb-11

Bharat Coking Coal Ltd.

Fall of Objects incl.
Rolling Objects

> 10m and within working
district
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It is seen from the above Table 2 that the main
place of accidents are : rope haulage roadways, coal/

ore benches, > 10m and within working district, >10m
of longwall face, and < 10m of face, etc.

Table 2. Place of accidents in coal mines of Central Zone, Dhabad, India (Source : DGMS, Dhanbad)
Year

Name of Mine

Date of Accident

Owner

Place of Accident

Killed

S/Inj.

2008

JAMADOBA

04-Apr-08

Tata Iron & Steel Co. Ltd.

< 10m of development face

0

2

2008

BURRAGARH

10-Jun-08

Bharat Coking Coal Ltd.

< 10m of development face

1

0

2008

MANDAMAN

26-Oct-08

Eastern Coalfields Ltd.

< 10m of development face

0

1

2008

MANDAMAN

04-Nov-08

Eastern Coalfields Ltd.

< 10m of development face

1

0

2008

MURULIDIH 20/21 PITS

24-Nov-08

Bharat Coking Coal Ltd.

< 10m of development face

0

1

2009

JAMADOBA

24-Feb-09

Tata Iron & Steel Co. Ltd.

< 10m of development face

1

0

2009

MANDAMAN

03-Apr-09

Eastern Coalfields Ltd.

< 10m of development face

0

1

2009

DIGWADIH

10-Apr-09

Tata Iron & Steel Co. Ltd.

< 10m of development face

1

0

2009

SIJUA

06-May-09

Tata Iron & Steel Co. Ltd.

< 10m of development face

1

0

2009

DHANSAR

11-Jul-09

Bharat Coking Coal Ltd.

< 10m of development face

0

1

2009

MANDAMAN

21-Jul-09

Eastern Coalfields Ltd.

< 10m of development face

0

1

2009

P.B.PROJECT,1&2 PIT

19-Sep-09

Bharat Coking Coal Ltd.

< 10m of development face

1

0

2010

BASANTIMATA

12-Feb-10

Bharat Coking Coal Ltd.

< 10m of development face

0

1

2010

BASANTIMATA

25-Jun-10

Bharat Coking Coal Ltd.

< 10m of development face

0

1

2010

MOONIDIH PROJECT

24-Sep-10

Bharat Coking Coal Ltd.

< 10m of development face

1

0

2010

MOONIDIH PROJECT

07-Dec-10

Bharat Coking Coal Ltd.

< 10m of development face

0

1

2010

BADJNA

25-Dec-10

Eastern Coalfields Ltd.

< 10m of development face

0

1

2011

ALKUSA

10-Jan-11

Bharat Coking Coal Ltd.

< 10m of development face

0

1

2011

BAGDIGI

18-Mar-11

Bharat Coking Coal Ltd.

< 10m of development face

0

1

2011

KHARKHAREE

18-May-11

Bharat Coking Coal Ltd.

< 10m of development face

0

1

2011

BLOCK-IV/KOORIDIH

09-Jul-11

Bharat Coking Coal Ltd.

< 10m of development face

0

1

2011

POOTKEE

25-Oct-11

Bharat Coking Coal Ltd.

< 10m of development face

0

1

2011

SAWANG

03-Nov-11

Central Coalfields Ltd.

< 10m of development face

0

1

2011

MOONIDIH PROJECT

12-Nov-11

Bharat Coking Coal Ltd.

< 10m of development face

0

1

2011

HARIAJAM

26-Dec-11

Eastern Coalfields Ltd.

< 10m of development face

0

1

2012

NORTH TISRA U/G

19-Jan-12

Bharat Coking Coal Ltd.

< 10m of development face

0

1

2012

ANGARPATHRA

29-Jan-12

Bharat Coking Coal Ltd.

< 10m of development face

0

2

2012

MURULIDIH 20/21 PITS

27-Apr-12

Bharat Coking Coal Ltd.

< 10m of development face

0

1

2012

SIMLABAHAL

20-May-12

Bharat Coking Coal Ltd.

< 10m of development face

0

1

2012

PARBATPUR COLLIERY 29-Jun-12

M/S Electrosteel Castings
Limited

< 10m of development face

0

1

2012

DHORI KHAS

28-Aug-12

Central Coalfields Ltd.

< 10m of development face

2

0

2012

SIJUA

06-Oct-12

Tata Iron & Steel Co. Ltd.

< 10m of development face

0

1

2012

PARBATPUR COLLIERY 31-Oct-12

M/S Electrosteel Castings
Limited

< 10m of development face

1

1

2012

MOONIDIH PROJECT

13-Dec-12

Bharat Coking Coal Ltd.

< 10m of development face

0

1

2008

POOTKEE

29-Feb-08

Bharat Coking Coal Ltd.

< 10m of face

0

1

2008

BASTACOLA

16-Jun-08

Bharat Coking Coal Ltd.

< 10m of face

0

1

2008

WEST MUDIDIH

12-Jul-08

Bharat Coking Coal Ltd.

< 10m of face

1

0

2008

BASTACOLA

03-Aug-08

Bharat Coking Coal Ltd.

< 10m of face

0

1

2008

BADJNA

08-Aug-08

Eastern Coalfields Ltd.

< 10m of face

0

1

2008

MURULIDIH 20/21 PITS

23-Sep-08

Bharat Coking Coal Ltd.

< 10m of face

0

1

2010

JAMADOBA

04-Sep-10

Tata Iron & Steel Co. Ltd.

< 10m of face

1

0
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2010

SIJUA

31-Dec-10

Tata Iron & Steel Co. Ltd.

< 10m of face

1

0

2011

GOVINDPUR PROJECT

11-Jan-11

Central Coalfields Ltd.

< 10m of face

0

1

2011

MURULIDIH 20/21 PITS

31-May-11

Bharat Coking Coal Ltd.

< 10m of face

0

1

2011

PATHARDIH

24-Jul-11

Bharat Coking Coal Ltd.

< 10m of face

2

1

2011

CHAPAPUR

20-Oct-11

Eastern Coalfields Ltd.

< 10m of face

0

1

2012

SIJUA

20-Mar-12

Tata Iron & Steel Co. Ltd.

< 10m of face

0

1

2012

BASTACOLA

28-Mar-12

Bharat Coking Coal Ltd.

< 10m of face

0

1

2012

MANDAMAN

16-Apr-12

Eastern Coalfields Ltd.

< 10m of face

0

1

2012

BASTACOLA

01-Dec-12

Bharat Coking Coal Ltd.

< 10m of face

0

1

2008

CHAPAPUR

24-Jan-08

Eastern Coalfields Ltd.

> 10m and within working district

0

1

2008

LODNA

05-May-08

Bharat Coking Coal Ltd.

> 10m and within working district

0

1

2008

KHARKHAREE

06-Jun-08

Bharat Coking Coal Ltd.

> 10m and within working district

0

1

2008

KHOODIA U/G

11-Jun-08

Eastern Coalfields Ltd.

> 10m and within working district

0

1

2008

KHARKHAREE

28-Jun-08

Bharat Coking Coal Ltd.

> 10m and within working district

0

1

2008

BASTACOLA

25-Sep-08

Bharat Coking Coal Ltd.

> 10m and within working district

1

0

2008

10/12 PITS KACHHI
BALIHARI

13-Dec-08

Bharat Coking Coal Ltd.

> 10m and within working district

0

1

2009

KHARKHAREE

06-Jan-09

Bharat Coking Coal Ltd.

> 10m and within working district

0

1

2009

SIMLABAHAL

02-Feb-09

Bharat Coking Coal Ltd.

> 10m and within working district

1

1

2009

SHAMPUR B

15-Feb-09

Eastern Coalfields Ltd.

> 10m and within working district

0

1

2009

BASTACOLA

12-Mar-09

Bharat Coking Coal Ltd.

> 10m and within working district

0

1

2009

LAKHIMATA

24-Mar-09

Eastern Coalfields Ltd.

> 10m and within working district

0

1

2009

BANSDEOPUR

05-May-09

Bharat Coking Coal Ltd.

> 10m and within working district

0

1

2009

MOONIDIH PROJECT

15-Jun-09

Bharat Coking Coal Ltd.

> 10m and within working district

0

1

2010

MANDAMAN

02-Mar-10

Eastern Coalfields Ltd.

> 10m and within working district

0

1

2010

ALKUSA

30-Jun-10

Bharat Coking Coal Ltd.

> 10m and within working district

0

1

2010

HURRILADIH

18-Jul-10

Bharat Coking Coal Ltd.

> 10m and within working district

0

1

2010

SENDRA BANSJORA

23-Nov-10

Bharat Coking Coal Ltd.

> 10m and within working district

0

1

2010

MOONIDIH PROJECT

02-Dec-10

Bharat Coking Coal Ltd.

> 10m and within working district

0

1

2011

KUYA

17-Feb-11

Bharat Coking Coal Ltd.

> 10m and within working district

0

1

2011

KUMARDHUBI

26-Feb-11

Eastern Coalfields Ltd.

> 10m and within working district

1

1

2011

SIMLABAHAL

17-Mar-11

Bharat Coking Coal Ltd.

> 10m and within working district

0

5

2011

SIMLABAHAL

01-Apr-11

Bharat Coking Coal Ltd.

> 10m and within working district

0

1

2011

KUYA

09-Jul-11

Bharat Coking Coal Ltd.

> 10m and within working district

0

1

2011

KHARKHAREE

04-Aug-11

Bharat Coking Coal Ltd.

> 10m and within working district

0

1

2011

HURRILADIH

18-Aug-11

Bharat Coking Coal Ltd.

> 10m and within working district

0

1

2011

KUYA

28-Sep-11

Bharat Coking Coal Ltd.

> 10m and within working district

0

1

2012

BADJNA

10-Apr-12

Eastern Coalfields Ltd.

> 10m and within working district

0

1

2012

MURULIDIH 20/21 PITS

09-Jun-12

Bharat Coking Coal Ltd.

> 10m and within working district

0

1

2012

SIMLABAHAL

07-Nov-12

Bharat Coking Coal Ltd.

> 10m and within working district

0

1

2008

SIMLABAHAL

25-Nov-08

Bharat Coking Coal Ltd.

> 10m but < 30m

0

1

2009

SUDAMDIH INCLINE

08-Aug-09

Bharat Coking Coal Ltd.

> 10m but < 30m

0

1

2010

MOONIDIH PROJECT

14-Dec-10

Bharat Coking Coal Ltd.

> 10m but < 30m

0

1

2012

BASANTIMATA

05-Jan-12

Bharat Coking Coal Ltd.

> 10m but < 30m

0

1

2008

MOONIDIH PROJECT

15-Jun-08

Bharat Coking Coal Ltd.

> 10m of longwall face

0

1

2008

NOONODIH JITPUR

12-Sep-08

Indian Iron & Steel
Company Ltd.

> 10m of longwall face

0

1
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It is clearly seen from the above Table 3 that
the ratio of persons killed is quite high in Bharat
Coking Coal Limited (BCCL), as compare to other

owners. A proper safety measures needs to be adopted
to overcome the problem.

Table 3. Ownerwise distribution of persons killed in Central Zone, Dhabad, India (Source : DGMS, Dhanbad)
Year

Name of Mine

Date of Accident

Owner

District

Killed

S/Inj.

2008

ALKUSA

08-Jan-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

TETULMARI

14-Jan-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

BLOCK II OCP

14-Jan-08

Bharat Coking Coal Ltd.

Dhanbad

1

0

2008

KUSUNDA

16-Jan-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

MOONIDIH PROJECT

16-Jan-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

LOYABAD

17-Jan-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

AMALGAMATED
KESHALPUR-WEST
MUDIDIH

21-Jan-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

BLOCK II OCP

26-Feb-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

POOTKEE

29-Feb-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

SENDRA BANSJORA

04-Mar-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

POOTKEE

12-Mar-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

BLOCK II OCP

12-Mar-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

PHULARITAND

25-Mar-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

MURULIDIH 20/21 PITS

31-Mar-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

LOHAPATTI

31-Mar-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

BARAREE

07-Apr-08

Bharat Coking Coal Ltd.

Dhanbad

1

0

2008

LODNA

05-May-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

LODNA

08-May-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

MURULIDIH 20/21 PITS

12-May-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

BLOCK II OCP

22-May-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

KHARKHAREE

06-Jun-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

BURRAGARH

10-Jun-08

Bharat Coking Coal Ltd.

Dhanbad

1

0

2008

BASANTIMATA

13-Jun-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

MOONIDIH PROJECT

15-Jun-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

BASTACOLA

16-Jun-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

LOYABAD

27-Jun-08

Bharat Coking Coal Ltd.

Dhanbad

1

0

2008

KHARKHAREE

28-Jun-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

WEST MUDIDIH

12-Jul-08

Bharat Coking Coal Ltd.

Dhanbad

1

0

2008

BASTACOLA

16-Jul-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

JAMUNIA OCP

16-Jul-08

Bharat Coking Coal Ltd.

Dhanbad

1

0

2008

SIMLABAHAL

17-Jul-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

LODNA

18-Jul-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

NORTH TISRA U/G

19-Jul-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

KUSTORE

31-Jul-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

BASTACOLA

03-Aug-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

KUSTORE

04-Aug-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

BASANTIMATA

25-Aug-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

BASANTIMATA

28-Aug-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

SIMLABAHAL

14-Sep-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

MURULIDIH 20/21 PITS

23-Sep-08

Bharat Coking Coal Ltd.

Dhanbad

0

1
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2008

BASTACOLA

25-Sep-08

Bharat Coking Coal Ltd.

Dhanbad

1

0

2008

AMALGAMATED
KESHALPUR-WEST
MUDIDIH

03-Oct-08

Bharat Coking Coal Ltd.

Dhanbad

1

0

2008

MURULIDIH 20/21 PITS

07-Oct-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

AMALGAMATED
KESHALPUR-WEST
MUDIDIH

19-Oct-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

TETULMARI

04-Nov-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

MOONIDIH PROJECT

05-Nov-08

Bharat Coking Coal Ltd.

Dhanbad

1

0

2008

JEENAGORA

06-Nov-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

SOUTH GOVINDPUR

15-Nov-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

MADHUBAND

17-Nov-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

ALKUSA

18-Nov-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

LODNA

19-Nov-08

Bharat Coking Coal Ltd.

Dhanbad

1

0

2008

MURAIDIH

21-Nov-08

Bharat Coking Coal Ltd.

Dhanbad

1

0

2008

10/12 PITS KACHHI
BALIHARI

23-Nov-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

MURULIDIH 20/21 PITS

24-Nov-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

SIMLABAHAL

25-Nov-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

TETULMARI

04-Dec-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

10/12 PITS KACHHI
BALIHARI

13-Dec-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

SENDRA BANSJORA

14-Dec-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2008

JEENAGORA

31-Dec-08

Bharat Coking Coal Ltd.

Dhanbad

0

1

2009

JOGIDIH

03-Jan-09

Bharat Coking Coal Ltd.

Dhanbad

0

1

2009

LODNA

05-Jan-09

Bharat Coking Coal Ltd.

Dhanbad

3

0

2009

KHARKHAREE

06-Jan-09

Bharat Coking Coal Ltd.

Dhanbad

0

1

2009

SOUTH TISRA OCP

15-Jan-09

Bharat Coking Coal Ltd.

Dhanbad

0

1

2009

BHAGABAND

20-Jan-09

Bharat Coking Coal Ltd.

Dhanbad

1

0

2009

SIMLABAHAL

02-Feb-09

Bharat Coking Coal Ltd.

Dhanbad

1

1

2009

BLOCK-IV/KOORIDIH

03-Feb-09

Bharat Coking Coal Ltd.

Dhanbad

0

1

2009

PATHARDIH

07-Feb-09

Bharat Coking Coal Ltd.

Dhanbad

0

1

2009

BHOWRA
07-Feb-09
NORTH(PARISHABAD OCP)

Bharat Coking Coal Ltd.

Dhanbad

0

1

2009

PATHARDIH

13-Feb-09

Bharat Coking Coal Ltd.

Dhanbad

0

1

2009

SENDRA BANSJORA

18-Feb-09

Bharat Coking Coal Ltd.

Dhanbad

0

1

2009

P.B.PROJECT,1&2 PIT

03-Mar-09

Bharat Coking Coal Ltd.

Dhanbad

0

1

2009

JEENAGORA

05-Mar-09

Bharat Coking Coal Ltd.

Dhanbad

0

1

2009

AMALGAMATED
KESHALPUR-WEST
MUDIDIH

10-Mar-09

Bharat Coking Coal Ltd.

Dhanbad

0

1

2009

BASTACOLA

12-Mar-09

Bharat Coking Coal Ltd.

Dhanbad

0

1

2009

BASTACOLA

17-Mar-09

Bharat Coking Coal Ltd.

Dhanbad

1

0

2009

SIMLABAHAL

20-Mar-09

Bharat Coking Coal Ltd.

Dhanbad

0

1

2009

AMALGAMATED
KESHALPUR-WEST
MUDIDIH

24-Mar-09

Bharat Coking Coal Ltd.

Dhanbad

0

1

2009

MURAIDIH

24-Mar-09

Bharat Coking Coal Ltd.

Dhanbad

0

1

2009

TETULMARI

03-Apr-09

Bharat Coking Coal Ltd.

Dhanbad

0

1
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4.	What makes the coal mines
unsafe ?
There are various things which make coal mines
unsafe, e.g., mine ventilation, roof fall, coal dust,
and methane explosion, etc. The important issue
is the oxygen low-level content and inappropriate
concentration of noxious gases. If the management
comes to know the situation in real-time, if can take
the appropriate steps to avoid the same.
5.	Methodology
The wireless sensor network can be integrated
with an external network., i.e., intranet/internet. This
network should have several nodes placed at various
locations of the mine. Each node needs to be fabricated
with temperature sensors and gas sensors which can
measure the temperature concentrations of oxygen,
carbon-monooxide, methane, etc. The whole network
needs to be set in a suitable topology.
The application maintains a database of all the
accidents that happened in the past and can generate
the reports on different aspects so that management
can analyse the different points, causes, reasons,
etc of accidents and can use the safety measures
accordingly. This application uses appropriate software
and database.
5.1 Software and Database
For developing any application, we first have to
think upon it which platform we will be using. So
many options are available., i.e., Java, php,.Net, etc. We
decided to choose Java as it is platform-independent.
Further we have to select which database we should
work upon. There are many databases available, i.e,
Oracle, SQL Server, DB2 and many more. We used My
SQL for data storage as it is a open source software.
5.2	Forms
The Application consists of different forms. Each
forms has been discussed as follows:
(i) Add Form–This form is used to add the new
details in the database. It consists of the following
fields:
a) Year
b) Mine Name
c) Accident date
d) Accident time
e) Owner
f) Zone
g) Cause
h) Accident place
i) Killed
j) Seriously injured
k) Suggestions
(ii) Edit/Delete Data – The data can be edited/deleted
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fu’d’kZ
Hkkjro’kZ esa dks;yk [kuu m|ksx esa lwpuk izkS|ksfxd
vk/kkfjr vuqiz;ksxksa ds mi;ksx ls dfeZ;ksa dks lgh fu.kZ; ysus esa
vklkuh gks tkrh gSA lkFk gh ofj’B izcU/kdksa dks lkefjd fu.kZ;
ds fy, lwpuk,¡ miyC/k gks tkrh gSaA blls fo”o esa dks;yk
[kuu m|ksx esa gks jgs v|ru fodkl dh lwpuk izkIr djus esa
Hkh lgk;rk feyrh gSA blds }kjk mu izkS|ksfxfd;ksa dks vius
;gk¡ viuh ifjfLFkfr;ksa ds vuq:i mi;ksx esa yk ldrs gSaA osc
vk/kkfjr vkj Mh ch ,e ,l ds mi;ksx ls [kuu izfØ;k dh
lqj{kk dk /;ku j[kk tk ldrk gSA

in case some mistakes have been made in adding
data while using the add form.

5.3	Reports
The Reports can be generated and analysed using
different aspects like date-wise, zone-wise, mine-name
wise and cause-wise. We have different forms for
generating all the reports. If report has to be seen
date wise then one has to select the start date and
end date and click on the show button and it will
show the whole data as per the date one has provided.
Similarly, one can generate the report zone-wise by
selecting zone; mine-name wise by selecting mine
name, cause wise by selecting causes, etc.
6.	Conclusion
By using the IT-based application in coal mining
industry in India, it will help the officials to easily access
and integrate the critical information for deciphering
the tactical decision and to provide the long-term
information that senior managers requires for taking
the strategic decisions. It will also be beneficial in
getting information on the latest development in the
coal mining industry across the globe. By this they
can adopt technology by modifying that suits to their
conditions. By using the web-based RDBMS the safety
aspects of miners can be taken care effectively.
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Lkwpuk vkSj lkW¶V rduhd dk ty lalk/ku ifj;kstuvksa i)fr;ksa dh leh{kk
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lkjka”k
dEI;wVs”kuy rduhdksa ds mi;ksx ds ;qx esa] ty lalk/ku ifj;kstukvksa dh cgqeq[kh laoknkRed çfØ;kvksa dks
lk¶V daI;wfVax ls fufeZr uohure lwpuk vkSj MsVk dEI;wVs”kuy rduhdksa dk mi;ksx djrs gq, fo”ys’k.k fd;k tk
ldrk gSaA lwpuk vkSj l‚¶V dEI;wfVax rduhd i)fr;k% Qth] , ,u ,u] osoysV] ,l oh ,e] vkj ,l] th vkbZ
,l rduhd O;kid :i ls ty lalk/kuksa ls tqMs fofHkUu {ks=ksa esa mi;ksx gksrh gSaA vkHkklh e‚Mfyax ¼oh,e½ dh
lwpuk vkSj l‚¶V dEI;wfVax rduhd fof/k;ksa us xSj js[kh; ty lalk/ku ?kVdksa ds vuqla/kku vkSj vH;kl esa vkSj
miyC/k MsVklsV esa Nqih gqbZ lfØ;rk vkSj “kksj dh cM+h ek=k ds çca/ku ear vPNk dk;Z fd;k gSaA bl vkys[k
esa ys[kdksa us ty lalk/kuksa ds fofHkUu {ks=ksa esa mi;ksx dh tkuh okyh fofHkUu lwpuk vkSj dEI;wVs”kuy rduhdksa
ij ppkZ dh xbZ gSA ty lalk/ku ifj;kstukvksa dks fo”ys’k.k djus ds fy, çkIr MkVk vkSj lwpuk vk/kkfjr lk¶V
daI;wfVax dks tksMuk gh ,d fof/k gks ldrh gSaA
Abstract
In the era of the use of computational techniques, multifaceted interacting processes of WRP can be
analyzed using the latest information and data computational techniques, which mainly comprises of soft
computing. Among the broader applications of ISCT approaches; Fuzzy, ANN, Wavelet, SVM, RS, GIS
are widely used in different fields of water resources. The Information & Soft Computing Techniques
(ISCT) methods of virtual modelling (VM) have shown promise in research & practice of non-linear
water resources components and in management large amounts of dynamicity and noise concealed in
available datasets. In this paper the authors have discussed the different information & computational
techniques used in the various fields of water resources. Observed data (physical data) coupled with
information based soft computing can be the method of choice for analysis of water resources projects
in totality.
Keywords: Information and soft computing techniques, fuzzy, ANN, wavelet, SVM

1.

Introduction
Water Resources, a broad sense of social responsibilities,
is the most challenging area of research & management
around the world. Successful water management involves
concerns from multifaceted interacting processes with
most inviting competing claims. To accommodate the
competing claims better planning, implementation,
monitoring and evaluation of Water Resources Projects
(WRP) is required. In view of the recent advances in
water management only a holistic and trans-disciplinary
approach can prove to be useful. WRP has to deal with
social, environmental, technical, legal, economics and
policy aspects; the outcomes of which help sustain
both the water resources as well its dependants.
To ensure more effective, efficient and transparent
results, comprehensive knowledge of all the basic
components of water resources is required. Water resources

projects can be divided five broad categories; named
hydrology, Hydraulics, Geomorphology, Management
& Socioeconomics.
Advances in geospatial technologies (GPS, RS and
GIS) have enabled quick and precise data acquisition and
accurate and in depth investigation of the components
of water resources project. Recent years; Information
& Soft Computing Techniques (ISCT) approaches have
seen a significant rise in water resources research
sector. Despite the flexibility and usefulness of physical
methods in research of water resources processes, they
have some drawbacks with extremely non-stationary
& random responses. The efficient performance of
ISCT approaches such as data-driven models has
been reported over a wide range of water resources
components; hydrology (e.g., precipitation, streamflow, rainfall–runoff, sediment load, water quality,
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groundwater level & contamination, etc.), hydraulics
(e.g., water level, velocity & turbulence, scour depth,
discharge coefficient, sediment transport), water resource
management (flood forecasting, risk assessment, conflict
resolution, transboundary issues)
Fuzzy techniques offer an approach to incorporate
& integrate information in a water resources research
when statistical information is not available. Due to
its great flexibility in coping with less available data,
fuzzy logic theory has found numerous successful
applications in water resources projects. Dynamical
behaviors of fuzzy systems in reservoir operations
have proven better alternative to other conventional
techniques. A novel approach based on neural network
and fuzzy logic has been successfully applied in the
area of hydraulic research also.
Artificial Neural Network (ANN) is an influential
processing tool which has been used in water resources
research. Processing time series components of WRP
with ANN requires some sort of preprocessing stage
for data reduction such as Wavelet Transform (WT)
in order to gain advantages in training time & also
to pass up redundancy in input data and to obtain
a model with better generalization ability. This is
the reason why integration of WANN found with
better results in different aspects in water resources.
Support Vector Machine (SVM) which can achieve
a nonlinear mapping from an original input space
into a high dimensional feature space with less prior
assumptions about the input data & to maximize
the classification margin, therefore possessing better
generalization ability.

2.	Hydrology and ISCT
Rainfall and Runoff are an issue of enormous
concern among hydrologists, as it is used to quantify
surface & groundwater flows. Both rainfall and runoff
are highly non-linear & stochastic hydrological processes,
spatially as well as temporally. Consequently, the
process mapping method (ANN, SVM, GA) coupled
with data characteristic separating techniques (Wavelet)
can be integrated successfully through fuzzy logic
theory for above mentioned hydrological processes.
Hourly, Daily & Monthly stream flow was reproduced
using ISCT approaches. The multi-layer feed forward
neural network (MFNN) is one of the most important
ANN architecture used for stream flow forecasting.
ANN-fuzzy model shows better prediction accuracy
and generalization capability in comparison to the
ANN models. Artificial neural network was found
to be a suitable predictive tool for average monsoon
rainfall over India. Scaling structure of temporal
rainfall using wavelet was examined by Venugopal.
Introduction of new wavelet theory along with ANN,
SVM & Fuzzy improved the rainfall prediction pattern.
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ANN has been also implemented to get synthetic
rainfall series & rainfall erosivity indices. Unlike the
conventional rainfall-runoff model, the ANN seeks to
learn patterns and not to replicate in detail the physical
processes involved in transforming input into output.
Integration of wavelet decomposition to ANN improved
the efficiency of rainfall-runoff models. Relationship
between discharge and sediment using Fuzzy, SVM &
GA was also mentioned in available literatures.
Along with surface hydrology, groundwater hydrology
was equally important as well as complex water resources
components. Study found that the WANN model was
substantially more accurate than the best ANN model
for ground water level forecasting. Wavelet added
additional components in the analysis of groundwater
datasets. The sensitivity analysis of ground water
showed that ANN-Fuzzy models were sensitive to
the number of fuzzy sets, nature of the rule weights,
shape of the fuzzy sets, and validation techniques used
during the learning processes. Integration of GIS and
ANN-Fuzzy systems permitted sensitivity analysis of
the models and facilitated the exhibit of outcome in
a spatial context. The contaminant concentrations in
groundwater predicted from a numerical model using
fuzzy probabilistic approach.

3.	Hydraulics and ISCT
Uses of ISCT approach in the field of hydraulic are
relatively newer than hydrology. Prediction of hydraulic
characteristics such as mean velocity, turbulence,
water-level etc. is very important when measurements
are unavailable or inadequate.
The neural structure is competent of generating a
comprehensive multipoint time record with the same
structural characteristics and basic statistics as those of
the original instantaneous velocity field. An artificial
neural network, based on fuzzy, that is capable of
learning the basic nonlinear dynamics of a turbulent
velocity field. Comparison results indicated that the
ANN-Fuzzy model performed better than the ANNs
and regression models in mean velocity estimation.
To extract coherent vortices, the turbulence series was
successfully decomposed using Wavelet. The successful
predictions of turbulence using neural networks encourage
producing more data for analysis.
Scour depth near bridge pier using ISCT approaches
has several examples. It shows that the neural networks
and ANN-Fuzzy approaches predict scour depth much
more accurately than the existing methods. Along with
scour depth; measuring water level with the help of
ISCT approaches are found very frequent in literature.
ANN-Fuzzy hybrid approach was used to construct a
water level forecasting system during flood periods.
ANN model was used to estimate the water level during
an irrigation period along the main drainage canal in
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the Chiyoda drainage basin. A different solution was
also presented to the expert system, using SVM to
forecast the daily dam water level.
An ANN-Fuzzy model was developed to determine
the discharge coefficient of the trapezoidal labyrinth
side weirs & it was found better than ANN model. The
ANN-Fuzzy model reduced the root mean square errors
and mean absolute errors with respect to the non linear
regression by 27%. ISCT approaches were applied in
the area of sediment transport as well as suspended
sediment concentration. The results indicate that the
ANN model gives inferior results in relative to the
Fuzzy & ANN-Fuzzy models. The reason behind this
may be the fact that the Fuzzy & ANN-Fuzzy model
are more flexible than the ANN model considered
with more options of incorporating the fuzzy nature
of the real-world system. Fuzzy logic and artificial
neural networks was also used in past for estimation
sediment transport rate. The channel morphology &
the gravel bed river topography was examined with
the help of wavelet in conjunction with GIS. Degree
of complexity can be also evaluated using wavelet
reconstruction.

4.	Water Management and ISCT
A fuzzy approach was applied frequently within
the context of water resource management under
uncertainty. The approach allows various sources of
uncertainty and is intended to provide a flexible form
of group decision support. The use of fuzzy logic in
the field of flood forecasting by several researchers
and it shows the significant results. ANN model was
applied for real-time flood forecasting of the Tiber
River in Rome.
In water management, conflicts of interests are
inevitable due to the variation in demands and the
number of stakeholders involved. Fuzzy cognitive
maps can be used for identification of issue in water
resources conflict resolution. In many respects, water
resources allocation problems have fuzzy characteristics
owing to uncertainty and imprecision not only as
numerical data but also as linguistic data, in addition
to the political nature of resource allocation. The
application of fuzzy logic and game theory in water
resources allocation is found in case of Turkey, Syria,
and Iraq and the same has been used in water resource
allocation among different stakeholders. Along with
allocation, the coalition possibilities can also be studied
using fuzzy. Fuzzy synthetic evaluation technique
was applied to predict transboundary river basins at
risk which addresses the issue of water conflict and
cooperation within a methodologically more rigorous
predictive framework.

5.	Conclusion
1. The use of ISCT has been wide spread in hydrology,
gaining interest in hydraulics as well. This review
suggests a more integrated and comprehensive
approach of ISCT in hydraulics.
2. Fuzzy logic and Game Theory has been widely
used in water management, be it among various
demands of stakeholders or riparians. It can be
proposed to incorporate different methods of ISCT
for water resource management. Wavelet can be
to reduce uncertainty of data and ANN & SVM
can be used for functional mapping of the water
resource components.
3. The application of ISCT approaches in the
socioeconomic aspects of water resources is very
scarce. As the need of socioeconomic studies
is deemed important in developing as well as
developed countries, it is proposed to use ISCT
approaches to study the socioeconomic aspects
of water resources.

fu"d"kZ
1

lwpuk vkSj l‚¶V dEI;wfVax rduhd dk mi;ksx O;kid
:i esa gkbMªksyksth ¼tyfoKku½ esa gks jgk gSa vkSj
tyfoKku”kkL= esa c<+rk tk jgk gSaA ;g leh{kk lwpuk
vkSj l‚¶V dEI;wfVax rduhd dh ,dh—r vkSj lexz i)
fr dh gkbMªksfyDl esa mi;ksx dh lykg nsrk gSaA
2- Qth y‚ftd vkSj xse F;ksjh dks O;kid :i ls ty
çca/ku esa bLrseky fd;k x;k gS] vkSj ;g fgrdkjdksa
fofHkUu ekaxksa esa ‘kkfey gSaA bUgsa ty lalk/ku çca/ku ds
fy, lwpuk vkSj l‚¶V dEI;wfVax rduhd ds fofHkUu rjhdksa esa çLrkfor fd;k gSaA osoysV MsVk dh vfuf”prrk
dks de djrk gSa vkSj , ,u ,u vkSj ,l oh ,e dks ty
lalk/ku ?kVdksa ds dk;kZRed ekufp=.k ds fy, bLrseky
fd;k tk ldrk gSA
3- lwpuk vkSj l‚¶V dEI;wfVax rduhdksa dh mi;ksfxrk ty
lalk/kuksa ds lkekftd&vkfFkZd igyqvksa esa cgqr nqyZHk
gSA D;ksafd lkekftd&vkfFkZd v/;;u dh t:jr dks
fodkl’khy ,oa fodflr ns”kksa esa egRoiw.kZ le>k tkrk gS
blfy, lwpuk vkSj l‚¶V dEI;wfVax rduhd if)r;ksa dks
ty lalk/kuksa ds lkekftd&vkfFkZd igyqvksa dk v/;;u
djus esa mi;ksx djus dk çLrko gSA
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lkjka”k
fo”o esa miyC/k mixzg lapkj vuqla/kkuksa us foKku vkSj izk|kSfxdh rFkk lekt ds lexz fodkl esa vHkwriwoZ
;ksxnku fn;k gSA T;ksLisfl;y MkVk (GRATI vkSj NSDI) ds dqN vuqiz;ksx ty izca/ku] mPp f”k{kk lq/kkj] nwj
lapkj] Hkwxksy ¼fMftVy ekufp=½] j{kk] d`f’kØkfUr] VsyhfeVªh] HkweaMyh; v/;;u mYys[kuh; gSA is;ty lzksrksa dh
fudVrk] igqWap] mi;ksx vkSj lrr~ miyC/krk dks fo”o dh vusd pqukSfr;ka izHkkfor dj jgha gSaA la;qDr jk’Vª ds
,d vkadyu ds vuqlkj 2025 rd “kq+) is;ty dh ekax vkt dh rqyuk esa 60 izfr”kr~ vf/kd vkSj 2050 rd
fo”o dh tula[;k 7 vjc ls 9 vjc gks tk;sxhA Hkkjr 24 izfr”kr~ HkkSxksfyd {ks= vkSj 4 izfr”kr~ tylzksrksa ls
fo”o dh 17-5 izfr”kr~ tula[;k dk ty izca/ku djrk gSA fo”o dk lokZf/kd 10]000 ls 12]000 fe-eh okf’kZd
tyflapu okys v#.kkpy izns”k ds ckctwn Hkkjr ds izR;sd ukxfjd dks “kq+) is;ty miyC/k ugha gSA ljdkjh
vfHkdj.kksa dks mixzg lapkj izk|kSfxdh ds mi;ksx ls ty izca/ku O;oLFkk dk ;FkkHkwr Kku rRdky izkIr gksrk jgrk
gS] ifj.kkeLo#i tylzksrksa vkSj laLFkkuksa dh tyxq.koRrk vkSj ek=k dh miyC/krk esa lq/kkj ds lkFk ty fcyksa
esa deh vkSj tuLokLF; lqj{kk fu;a=.k djus esa lg;ksx fey tkrk gSA bl “kks/ki= esa mixzg lapkj izk|kSfxdh
}kjk ty izca/ku O;oLFkkvksa dk nwjLFk ekWuhVfjax iz.kkfy;ksa ds iz;ksx dk fooj.k vkSj ykHk of.kZr fd;k x;k gSA
blds varxZr ty izca/ku esa iz;qDr ekWuhVfjax iz.kkfy;ksa ds 6 pj.k gS&tylzksr] tyizokg] ty[kir] tylaxzg]
tyxq.koRrk vkSj tyok;q fujh{k.kA ty fujh{k.k O;oLFkk esa ty vfHkdj.kksa dks miyC/k djk;s x;s mixzg lapkj
vk/kkfjr VfeZuyksa }kjk pje le; psrkouh rRdky feyrh jgrh gS] ftlls nwjLFk LFkkuksa dh vkikr fLFkfr dk vkadyu
dj mi;qDr lq/kkj dj fy;k tkrk gSA bu iz.kkfy;ksa }kjk izkIr MkVk vfHkdj.kksa dks mfpr Kku vkSj u, ;a= o
lk/ku miyC/k djkus dk volj nsrk gS] tks ty izca/ku dh tylzksrksa ls ysdj ty laxzg rd dh leLr leL;kvksa
ds lek/kku esa mi;ksxh gksrk gSA
Abstract
Today world is facing a number of challenges affecting the availability, accessibility, use and
sustainability of its fresh water resources. According to UN estimates by 2025, the demand for fresh
water resources will rise by nearly 60% more than is currently available. By 2050 the global population
is forecast to reach 9 billion an increase from 7 billion in 2014. By using satellite communication
technology in Water Management Systems government agencies gain real time knowledge of water
resources, their quality and quantity while improving availability, reducing costs and improving public
safety. The paper discusses some of the satellite communication technologies and the benefits of
implementing remote monitoring processes in the 8 stages of water management. Water monitoring
systems, which include sensors and satellite based communication terminals, offer water agencies the
ability to receive time-critical alerts immediately and improve emergency response. Information collected
with these systems also provides agencies the tools and knowledge to implement everything from
water source monitoring systems to water conservation, fault detection and water metering initiatives.
Keywords: Satellite communication technology, water management systems, water monitoring

1.

Introduction
According to a recent United Nations report,
stresses on water supplies aggravated by climate
change are likely to cause more conflicts, and water
should be considered as vital to national security as

defence. The report points out that 145 countries share
watersheds with neighbours and there are more than
300 trans-boundary aquifers from which groundwater
can be extracted. Yet, we still do not fully understand
how much water is available and how it is distributed,
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which is a requirement for planning how to deal with
changes in climate and, particularly, in rainfall. This
knowledge gap is due to limitations in the relevant
science and technology, the vastly insufficient number
of sensors deployed around the world, especially
in developing countries, and data denial by many
governments due to security concerns.
Matteo Luccio has stated that under NASA water
related satellite missions different sensors and techniques
have been employed to measure water on earth distributed
in oceans, seas and lakes, atmospheric moisture, deep
underground aquifers, snow, ice sheets and sea ice.
Satellite based communication technologies available
to-day has benefited in overall development of S&T
and growth of society. Some of the new applications of
Geospatial Data (GRATI & NSDI) are in smart water
management, higher education reforms (curriculum
development), geography (digital cartography & maps),
student’s spatial cognition and in defense, agriculture
revolution, telemetry, geo-sphere etc. Although water
purification technologies and water reuse systems
have provided solution to a large urban population
in many countries.
Smart water management has become a key policy
issue for the 21 st century, as a growing number of
factors are impacting the delivery of already scarce
fresh water to millions of people. Economic growth,
seasonal climatic conditions and rising population are
all affecting availability of water resources. Moreover,
a number of effects linked to climate change, such
as lengthy droughts and extreme weather events, are
worsening the situation. ICT can be a strategic enabler
for smart water management policies and surveys
upcoming ICT standards that will enable smart water
initiatives.

2.

Status of Water Management
Pressure on the world water resources has been
growing at an inexorable pace. The global survey
has revealed that unsustainable consumption, urban
population, catastrophic effects of climate change such
as droughts and flooding continue to diminish and
degrade the world’s water resources. The consequence
of global warming on the world’s glaciers further
threatens the future supply of water in many countries.
In India glaciers of the Himalayas and the Tibetan
plateau accounting 70 percent of water flowing in the
Ganges are retreating at a rate of 10 to 15 meters
a year and ground water tables are also falling at
a rate of 0.4 meter a year. The loss of melt water
supplied to Ganges would cause water shortage for
500 million people and 37 percent of India’s irrigated
land according to National Institute of Hydrology,
Roorkee, Uttarakhand, India.
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Sustained supply of safe and potable water is
of paramount importance in promotion of health
and well-being of the people. Today world is facing
a number of challenges affecting the availability,
accessibility, use and sustainability of its fresh water
resources. Global studies show a challenging future
and a chaotic view, when considering total use and
water availability in third millennium. Projections
of per capita all purpose water availability will drop
from 1000-5000 m3 per year to-day to less than 1000
m3 of water per year by 2030 in many developing
countries. Globally, fresh water is consumed at a
rate that is doubling every 20 years. According to UN
estimates by 2025, the demand for fresh water will rise
by nearly 60 percent more than is currently available.
By 2050 the global population is forecast to reach 9
billion an increase from 7 billion in 2014. Currently
more than 1.1 billion people lack access to clean
drinking water and 2.6 billion people lack adequate
sanitation with 500 million people from India. UN
report (2008) states to-day’s urban population of 3.2
billion will rise to nearly 5 billion by 2030, when 3
out of 5 people will live in cities. The UN considers
this rising trend to be the most significant influence
on the welfare and economic security of nations,
environmental sustainability and the achievement of
human rights around the world.
An integrated approach including water management
with satellite technology with all water sectors – R&D,
water supply and sanitation demands, agriculture, energy
development and environmental management must be
acted upon in order to alleviate water shortage. To
meet these challenges, the World Water Commission
has been created. UN proclaimed the decade ‘Water for
Life 2005-2015’ with goals - greater focus on water
related issues, safe drinking water and participation
of women.
India occupying 2.4 percent of the total surface
of globe with 4 percent of the fresh water resources
and highest annual average rain fall of 10,000 to
12,000 mm in Arunachal Pradesh is not able to provide
safe drinking water and sanitation systems to our all
countrymen. Further the problem of excess salinity,
iron, nitrate, fluoride and arsenic in ground water
is endemic covering a large population in different
states, who are at risk. Government of India under
National Water Policy approved in 1987 and National
Drinking Water Mission started in 1986 has launched
a number of multipurpose projects through different
ministries, S&T departments, councils, national institutes
and universities to provide safe water for drinking,
industries, agriculture, recreation etc. The mission
aims at finding low cost treatment for problems of
arsenic, iron, fluoride, salinity and brackishness,
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bacteriological contaminations, improving the charges
of ground water and wetland systems and developing
the traditional water retention structures in hill, desert
and tribal areas through use of appropriate technology.
The approach will help in achieving UN Millennium
Development Goal of 2015 set by UN.
Water purification technologies for provision of
safe drinking water have been successfully developed.
Problems of high salinity and brackishness, arsenic, iron,
fluoride and bacteriological contaminations have been
solved and treatment plants developed for domestic,
community and industry level needs are in use. The
use of membrane technologies – reverse osmosis (RO),
electro-dialysis (ED), ultra-filtration (UF), micro-filtration
(MF) and nano-filtration (NF) and their combinations
(like UF-RO, ED-RO, UV disinfection etc.) for aqueous
separations have become very popular over the past
twenty years. Development of polymeric and ceramic
membranes in India have advanced the use of UF, MF,
RO and pervaporation applications in water treatment,
industrial separation processes and pollution control
applications. Recent advances show that improved
water quality could be achieved using nano-particles
either embedded in membranes or on other structural
media. R&D programmes around the world focusing
on nano-technology promise breakthroughs in energy
efficiency, enhanced membrane performance and even
new approaches to trapping and treating contaminants
using nano-sponges and new carbon nano-tube filters.
The better operational results have been reported by
the use of a thin film (20 to 200 microns) of positive
charge media on a one-micron or large screen than a
MF or UF membrane.
By using satellite communication technologies
in water management systems, government agencies
will gain real-time knowledge of water quality and
quantity of water sources of remote locations in rural,
hilly and tribal areas, while reducing cost of water
bill of raw and purified water and improving public
safety. Satellite for reporting alarms and telemetry,
functioning of membranes, bio-filters, meters, pumps
and other plant components are being effectively used
in many countries.
The author as Programme Director of a major
Desalination Project, Member of Research Advisory
Committee, National Drinking Water Mission, Expert
Member, DST, Government of India and President,
Indian Desalination Association has monitored over
hundreds of desalination plants and water supply
schemes up to 1 mgd installed in the country and
visited pioneer industries of water purification in US
and Europe. Under the project desalination plants
developed by DRDO were installed and operated in
remote villages of Rajasthan desert associating RRSC,
NRSC, ISRO, Jodhpur for satellite messaging and

BARC, Mumbai for RO plants.
One way to meet these requirements in any
country is to gather and analyze water quality and
quantity data as it travels from source to consumer
and back. Water monitoring data is not only used
for regulatory and operational decision making and
historical record keeping but also to evaluate the
effect of measures of implement to improve total
water resource management.

3. 	Water Management with
Satellite Technology
This paper discusses 8 stages of water management
with satellite technology:
Stage I – Water Source
Both surface and ground water sources can be
monitored with sensors. Monitoring systems with
integrated satellite based communication capabilities
can cut down the cost associated with gathering and
analyzis remote data. River Basin Atlas India (2012)
prepared by Central Water Commission of Water
Resources Ministry and RRSC (West), NRSC, ISRO,
Department of Space, Jodhpur, India under the project
Water Resources Information System (WRIS) will be
very useful for diverse uses.
Stage II – Water Flow
Water flow is measured in cubic feet / per second
and is calculated using depth and velocity of a stream.
Satellite based communication terminals allow flow
monitoring data from remote devices like stream
gages or agricultural water meters to be downloaded
to a central location in near real time, eliminating the
delays and data integrity loss associated with manual
data collection. In addition to monitoring and sending
data from sensors, satellite based communication
terminals can be used to remotely control equipments
such as pumps, valves, gates or water purification
plants. For example in canal management the gates
can be remotely operated at low cost using two way
satellite communication equipments. If the canal or
sub canals is used for delivery of water to customers
head gates that direct water into each sub canal can
also be controlled remotely to decrease costs and
improve customer service.
Stage III – Water Consumption
Irrigation, industry and thermo electric power
generation are major consumers of water. In India about
70 percent water is used by farmers. In farming activities
to avoid water waste and conform to conservation
mandates, water monitoring systems can ensure that
neither too much nor too little water is used. Both
weather and soil moisture sensors can be monitored
and data sent to a central location for analysis. In
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all applications, water recharging the water table can
be monitored.

Stage IV – Water Conservation
In all uses of water in agriculture, industry and
all other application water returning to the water table
can be monitored for quantity and chemical quality.
In India rain water harvesting and conservation in
ground water wells have shown remarkable result of
recharging the aquifers.
Stage V – Water Treatment and Reuse
Treatment of sewage water and reuse of water
along with wet land developments by using satellite
messaging terminals can be monitored. Sea water and
brackish water reverse osmosis (SWRO and BWRO)
and other desalination major plants producing drinking
water can also be monitored at remote locations for
water quality/quantity, functioning of valves, membranes,
water source, control devices etc.
Stage VI – Water Quality
Water quality monitoring and waste water monitoring
involve examination of the physical, chemical and
biological character of water as per laid down water
standards for factors posing risk to human and life
stock health as well as the environment. Water
quality sensors can be installed in water works, water
treatments systems, and reservoirs or downstream
from a potential contamination source as part of a
large water monitoring system. The timeliness and
accuracy of water quality data leads to many benefits
including reduced costs associated with cleanups and
increased public safety.
Stage VII – Water Monitoring
Weather events have significant impact on water
quality and quantity. Satellite based monitoring systems
can be used to reliably download all weather station
data, monitor for events like floods or overloading of
sever systems and feed data into irrigation and other
water management systems.
Stage VIII – Water Metering and Other
Applications
To detect leaks due to breaks in pipelines as
well as automatic meter reading satellite messaging
terminals are being used effectively to communicate
with the satellite constellations. The system downloads
and sends water reading from each meter at the same
time each day. This alerts water agency and customer
to check leakage and above normal consumption.
Weather conditions and events that are monitored
include – rainfall intensity and duration, temperature,
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solar radiation, wind direction and speed, relative
humidity, soil moisture, leaf wetness, snow pack,
weather monitoring for mining companies, etc.

4. 	Conclusion
Satellite technology is free from political boundaries
like atmospheric moisture, rains and groundwater.
As the technology improves and water scientists and
technologists find out better solution for use of all
types of water resources there will be better future
opportunities for collaboration rather heightened
conflicts among nations. We will see in the developing
world a lot of people may use water as a means to
collaborate rather than to fight.

fu"d"kZ
mixzg lapkj izk|kSfxdh okrkoj.kh; vknzZrk] o’kkZ vkSj
Hkwfexr ty tSlh jktuSfrd lhekvksa ls eqDr gSaA tSls tSls bl
izk|kSfxdh dk fodkl gksxk] ty oSKkfud vkSj VSDukykWftLV~l
lHkh izdkj ds tylzksrksa dk Hkfo’; esa vkSj vf/kd mi;ksx
dh fn”kk esa u, volj izkIr dj ysaxs rkfd vkilh le>
vkSj lg;ksx ls ty fookn dh leLr leL;kvksa dk lkFkZd
lek/kku fudky ldsaxsA ge lHkh bl izk|kSfxdh fodkl ds
lk{kh cusaxs tc fo”o ds vusd ns”kksa ds yksx ty dks vkilh
fooknksa dks fuiVkdj ijLij tksM+us okyk gksxk vkSj ^^olq/kSo
dqVqEcde~** dks pfjrkFkZ djsxkA
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nar fpfdRlk vkSj jksxh çca/ku esa uohure midj.k vkSj rduhdsa
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lkj
;g i= nar fpfdRlk ds {ks= esa uohure çkS|ksfxdh; fodklksa ds laca/k esa foLr`r ppkZ djrk gSA mi;qä
mnkgj.kksa ds lkFk ;g nar fpfdRlk esa uohure ço`fÙk;ksa dks js[kkafdr djrk gS vkSj crkrk gS fd fdl çdkj bl
çkS|ksfxdh us u dsoy nar fpfdRldksa ds fy, cfYd jksfx;ksa ds fy, Hkh dk;Z dks vklku cuk fn;k gSA ;g i=
O;k[;k djrk gS fd fdl çdkj mipkj dh xq.koÙkk us leqnk; dh ekSf[kd LokLF; fLFkfr esa lq/kkj fd;k gS D;ksafd
ikjaifjd ekSf[kd LokLF; ns[kHkky mipkj çfØ;k esa çxfr;ksa }kjk çfrLFkkfir dj nh xbZ gS tks vf/kd lVhd vkSj
nh?kZ LFkk;h ifj.kkeksa okyh lkfcr gks jgh gSaA
ABSTRACT
The paper discusses in detail about the latest technological advancements in the field of Dentistry.
With suitable examples it highlights the latest trends in dental practice and how this technology has
made tasks easier not only for the dentists but for the patients also. This paper explains how the quality
of treatment has improved immensely the oral hygiene status of the community as traditional oral health
care been replaced by the advancements in the treatment procedure which are proving more accurate
and long lasting results.
Keywords: Dentistry, online OPD, dental practices

1.

INTRODUCTION
The history of man’s fight for health begins with
what little is known about his earliest existence when
he was completely at the mercy of nature with no
effective means of combating its hazards. Research
in medical and dental technology has resulted in a
dramatic acceleration in health knowledge.
Although the speciality of dental Public Health
evolved from organised dentistry, the philosophy
regarding development and implementation of dental
programmes to serve the public is often different
between the two. The difference arose because the
focus of the dental practitioner is the individual patient
and the focus of the dental public health practitioner
is the overall community.
The dental public health field has been expanding
in scope and complexity with more emphasis being
placed on the total dental care delivery system and
its impact on oral health status.
The trend in dentistry is utilising technology to
make dentistry more comfortable, durable, efficient and
natural-looking for the patient as possible. Patients and

their dentists benefit from newer techniques that are
less invasive and less painful and more dependable
than the traditional ones. Procedures that took multiple
trips to the dentist or required multiple teeth care now
can be attempted in a single sitting.
There are many new advancements in dentistry
that a dentist may choose to offer for an enhanced
state of comfort and improved oral health. These dental
advances play an important role in the comfort of
the patients as well as the dentists, dental specialists,
hygienists, and office managers at the practice, allowing
them to provide the highest standard of dental care
possible.

2.	MOBILE DENTAL VAN
It is the latest outreach programme for providing the
dental health care for unreachable. There are villages
and towns where people are uneducated or have little
access to dental hospitals. For those needy people who
have low socio-economic status, mobile dental clinic
is a boon. Here, the patients get complete dental care
in their villages/towns at a very nominal cost and
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various treatments free of cost even which otherwise
may not be afford by poor people. This mobile clinic
has all the facilities like dental chair, suction unit,
extraction foreceps, scalers, and all other necessary
instruments and emergency kit for various treatment
procedures ranging from fillings, extraction of teeth,
scaling/cleaning of teeth, oral health education, fluoride
treatments, dental sealants, as well as counseling in
the prevention of tobacco. This facility has improved
the lives of various young, and old age people. There
are facts to prove that school children in these villages
and towns where mobile dental facility is available
have a much better oral hygiene and dental health
awareness as compared to school children who have
no exposure to such facility.

3.	ONLINE OPD
Online OPD is getting importance day by day
as hospitals are encouraging a paperless approach.
Earlier, patients had to carry their files relating to
their case histories and the ongoing treatment details.
But nowadays with the advancement in the field of
technology we have software for medical fields also.
This software helps in the patient data collection and
data storage which can be saved and produced by the
hospital staff whenever needed. With this software
appointments can be given online and patients can
be reminded for the subsequent follow-ups. It not
only provides accuracy but also authenticity of the
records and recall appointments. All the details for the
payments and medication prescribed by the clinician
can be retrieved whenever necessary. It also eliminates
the need for saving record files in the store room
and wastage of tons of paper hence contributing to
an eco-friendly environment.
4.	CAD/CAM
Computer Assisted Design/Computer Assisted
Manufacture technologies are used in various industries
other than dental field to provide highly accurate
design of items or materials to be constructed. In the
world of dentistry this advance technology allows for
the design and fabrication of dentures for completely
edentulous and partially edentulous patients for replacing
their missing teeth, dental restorations that resemble
the appearance and feel of natural teeth. This type of
new dental technology can be used for dental bridges,
inlays/ onlays, porcelain veneers, implants, orthodontic
appliances and crowns, etc.
4.1	Benefits
It allows single sitting procedure which were
done in multiple visits before. For instance crowns

and bridges which used to take 2-3 visits now can
be done in a single sitting. There are evidences
to prove that CAD/CAM restorations are stronger
than the traditional cavity filling techniques. These
advancements automatically provide a good experience
to the patients to the dental offices and a far better
satisfactory result to the clinician too.

5.	USE OF LASeRS IN DENTISTRY
Lasers have been used in dentistry since 1994.
It is used in removing the carious part within a
tooth and also to prepare the surrounding enamel
for restoration/filling. Furthermore, it can be used to
harden a restoration with its heating effect.
During root canal treatment, it is used to disinfect
the roots by removing any periapical pathology or may
be a tooth abscess. It also helps in reshaping the gums
and aid in removing bacteria from the oral cavity.
It is also used in biopsy, which is removal of a
small tissue piece. This can be used for examination
of cancerous cells.
6.	TEETH BLEACHING/TEETH WHITENING
Tooth whitening is very popular dental cosmetic
treatment nowadays. More of the younger generation
is conscious about their esthetics and smile. Dental
bleaching is one such cosmetic treatment which helps
in removing the yellowish coloured layer from the
surface of the tooth and makes it whiter and shining
with the help of bleaching solution. Lasers activate
the peroxide bleaching solution applied on the teeth
to speed up the whitening process and hence give
the better result.
6.1	Benefits
•
It reduces the need for anesthesia as it is a relatively
painless procedure and the uncomfortable feeling
of numbness is eliminated.
•
It also minimize bleeding and swelling during
soft tissue treatments.
7.	CONCLUSIONs
The latest technologies in the field of dentistry
have improved the quality of dental treatment in
comparison to the traditional dental practices. These
technologies not only reduced the time and effort of
the dentist but have significant impact on the quality
of the services rendered. People are becoming more
aware and educated by the dental health camps and
especially from the facility like mobile dental clinic.
Oral hygiene index in the areas where camps are
organised on regular basis are proving to be fair.
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fu’d’kZ
nar fpfdRlk ds {ks= esa uohure çkS|ksfxfd;ksa us ikjaifjd
nar fpfdRlk i)fr;ksa dh rqyuk esa narksipkj dh xq.koÙkk c<+kbZ
gSA bu çkS|ksfxfd;ksa us u dsoy nar&fpfdRld ds le; vkSj
ç;klksa dks de fd;k gS cfYd nh tkus okyh lsokvksa dh xq.koÙkk
ij egRoiw.kZ çHkko Mkyk gSA yksx nar LokLF; f’kfojksa }kjk vkSj
fo”ks’kdj eksckby nar fDyfud tSlh lqfo/kkvksa ds ek/;e ls
vf/kdkf/kd tkx:d cu jgs gSaA ftu {ks=ksa esa fu;fer vk/kkj
ij f”kfojksa dk vk;kstu fd;k tkrk gS] ogka ekSf[kd LokLF;
lwpdkad csgrj lkfcr gks jgk gSA
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lwpuk izks|kSfxdh ds {ks= esa lSU; iz.kkyh ds fy, okº; ÅtkZ lzksr
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lkjka”k
;q) dj fp=iV Hkh cnyk gSA le; ds lkFk&lkFk vkehZ vkSj lqj{kk ds fy, etcwr lSU; dh Hkh vko”;drk
c<+h gSA lwpuk izks|ksSfxdh ;q) ds fp=iV dks Hkh izHkkfor dj jgh gSA Hkfo’; esa ,d iksVZscy “kfDr ds lzksr ds
:i esa mPp n{krk ,oa mRikndrk ds lkFk fjpktZscy cSVjh iz.kkyh lwpuk ds izHkkoh lapkj ds fy, izeq[k rduhd
dh vko”;drk gksxhA
Astract
With the progress of civilisation, war landscape has changed from time to time. The requirements
of soldier have also changed concomitantly. Information technology (IT) has been influencing the war
tactics and practices. New electronic gadgets are coming up in a continuous manner to cater the demands
of Defence sector. To run any electronic gadget for communication purpose, it requires electric power.
Presently, the soldiers in the field are using batteries for communication purpose; but such batteries have
limited life which can adversely affect the efficiency of the war field. Without portable power or battery
system, all electronic devices and appliances howsoever hi-tech will become useless burden. In future, the
development of rechargeable battery system with extremely high efficiency and reproducibility as a portable
power source will be a major technical requirement for effective communication of information.
Keywords: Soldier system, portable energy sorurce

1.

Introduction
Battle or war, in some form or other, was known
even in near prehistoric era and was well documented
in the text of Ramayana and Mahabharata. The pattern
and form of war changed over the years with the
progress of civilization and culture. Obviously the
requirements of soldier’s need have changed enormously
with time.
The first World War took place in 1914. War is a
reality but is not a pleasant thing to happen. Year 2014
was the centenary year of 1 st World War. Although war
is generally not required to be celebrated; however, it
could recall the history such that we can assess and
understand the events and situations of civil as well as
the Defence sectors. With further progress of history,
2 nd World War occurred but it happened for a longer
period of time precisely during 1939-1945 and that
occurred after 25 years of 1 st World War. War was

a reality and world community witnessed the grim
aspect of war! Thank God, world is yet to witness
the 3 rd World War even 70 years after 2 nd World War.
On the other hand, we find there is proliferation of
some other kind of war of competition and cold war
diplomacy as understood from the experts’ views
that direct physical fighting will be slowly losing
its importance with the emergence of dominance of
intelligence where information and communication
technology can play important role. Advanced countries
regularly displaying their technological and intellectual
might and doing economic transactions with the help of
information technology through internet. Understandably,
a single click of mouse can erase out the records and
documents of vital information and data which can
adversely affect the electronic banking system and allied
operations; in worst case it can even make economic
transaction to a standstill. Thanks to the progress of
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computer science and technological innovation which
brought forth information technology (IT). In fact,
IT has brought about a revolution in science and
technology to influence every sphere of life including
the Defence life.
Electronic gadgets are the essential force for any
communication system where energy source plays
key role. Presently, the soldiers in the field are using
batteries for communication purpose; but such batteries
have limited life which often affects the efficiency
of the war field adversely. Thus, the importance of
portable energy source has been highlighted here.

2.	DISCUSSION
In future, the soldiers to be deployed for territorial
security purpose, it will be essential that each soldier
has to be self-sufficient not only for their mere
survival but has to be ready and be equipped with
gadgets and logistics to maintain a control over a large
adverse and diverse areas of their respective countries.
Often, military soldiers face unique operational and
environmental challenges in protecting its borders of
diverse regions from arid desert to snowy mountain
region or for that matter from deep forestry to coastal
sea shore. Such diversity calls for appropriate logistic
support systems and devices adaptable in different
environmental condition.
Desert suffers a geographic isolation which needs
constant surveillance through communication systems
at distant places across the country from south to north
or east to west. Wireless communications, thermal
imager, NVDs are the most power-hungry of soldier
electronics applications.
With the advancement of technologies in all fronts,
there is ever greater threat and vulnerability to detection
of deployed soldiers at different geographical locations.
This has created increased demand for an individual
or a battalion to interact and operate independently
through communication systems over longer distances
in a complex situation.
Worldwide armed forces are looking for digitisation
of the battlefield and a transformation from the fire
and maneuver operations towards a more digital and
network-centric warfare, the soldier of the future
may be increasingly dependent upon mission critical
technology to perform its functions. The soldier will have
increased reliance on interconnected and interdependent
networks that will link sensors, commanders, soldiers
and their weapons in real time from strategic planning
to tactical execution levels. Reliable computing will
become the backbone of these networks for command,
control and communications.
Soldiers require increased situational awareness
and ability to locate, detect and encounter the enemy.
The most critical factor for the supply systems needs
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to be operable to enable electronics gadgets to function
effectively in continuous mode or at least for a
reasonably longer period of time. Soldiers often have
to carry huge weight burden caused by body armour,
ammunition, batteries, communication devices, equipment,
food, gadgets, helmet, intelligent night vision, sensors,
weapons, water, and much else in hot, dry and sometimes
in mountainous or forestry conditions. Power systems,
being the most critical and essential unit add on to
the overall weight budget substantially 1-12.
The soldiers cannot do their jobs if their electronic
devices and computers stopped working at the critical
moments or in a situation of loss of data. It appears
that it is an absolute obligation to provide soldiers
with dependable power and energy system that will
allow them to function during operation. Equipment
often has to work under harsh battlefield condition at
any odd time. Anything short of this will adversely
impact the ability to carry out the mission. Or worse,
affect their morale.
Thus understandably, one of the critical problems
in the battlefields is due to the non availability of
sufficient electric power to support their needs in an
information-rich environment to communicate voice,
data, and image transmissions over extended distances of
hostile environment. Proper design of electronic devices
is essential for any such communication system. But
it is worthy to note that for microelectronics circuit
design for computation and communications or for
sensor systems, it should preferably use lower supply
voltages and optimise systems architectures with more
parallel processing and more efficient distribution of
functions between hardware and software.
These days’ engineers are focusing on developing
embedded, dedicated computer systems, rather than
adapting general-purpose personal computers. Ideally,
each sensor or subsystem should have its own processor
and wireless transceiver. Also user level programming
should be minimized 13,14. The thumb rule of efficiency
is the simplicity and clarity in conception. In fact,
human-display interface format must be optimised for
maximum situational awareness.
Power is essential requirement to run any electronic
gadget but its consumption is a concern; therefore,
lower the consumption, better is the power system.
Therefore, lower energy consumption by display
sub-assemblies can be achieved by long-term R&D
program where system level design trade-offs may
be introduced early in the display development stage.
Reduction in energy consumption that can be achieved
by eliminating the analog-to-digital conversion step,
and digital format should be investigated, especially for
functional enhancements that are planned downstream.
Energy efficiency of sensors and displays are improved
through development of an optical fiber collector net
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to feed data to a central detector processor. Similar
architectures might be used to support electronic sensors
for optical energy, radio frequency energy, chemical
agents, or radioactivity. Multimodal and adaptive
communication circuits to achieve the flexibility and
energy reductions in radio modern circuits that may
be possible in future integrated circuit technology, the
engineers will require designs that allow analog radio
frequency circuitry to coexist on the same circuit as
digital processing optimisation for low power.
Military radios can use communication system
architectures that adapt to the environments of battlefield
cognitive radio. Illustratively, a radio system that is
energy optimized for voice transmission among members
of a squad in a rural environment are quite different
from one that is emulating a commercial protocol to
exploit existing infrastructure in an urban setting. It
is highly desirable to have a single portable radio
that could be adapted to as low an energy level as
possible for various tasks and environments.
Wireless battlefield communications network
aimed at adapting commercial cellular and personal
communication system networks and technologies to
the needs of future soldier systems. Energy-efficient
wireless networks should be optimised for specific
environments, which will require a wide range of radio
interfaces. Terrestrial and satellite-based networks can
be part of the overall communications pathway 10-12.
Radio networks and protocols at the soldier level
require peer-to-peer architectures for low latency
connectivity and, simultaneously, require hierarchical
architectures to meet power concerns and the capability
to use COTS (commercial off-the-shelf) technology.
The international (hierarchical) GSM (Global System
Mobile) standard now offers low cost, low energy
consumption, low latency, and is adaptable for covertness
and security. A hybrid wireless network architecture
that provides ‘virtual’ peer-to-peer communication with
a hierarchical physical architecture based on GSM
should be adapted and optimised for the dismounted
soldier.
New wireless battlefield communications network
models should be done for optimising energy efficiency
advanced fueled systems. As communications come
to dominate the energy consumption of systems for
the dismounted soldier, the creation of a virtual peerto-peer architecture becomes increasingly important.
Implementation of virtual peer-to-peer architecture
requires much more than the straightforward adaptation
of commercial technology.
Optimising the distribution of information on the
battlefield to eliminate unnecessary wireless traffic
requires multidisciplinary thinking by experts in military
doctrine, communications, encryption and security.

Energy for radio transmission is expected to
dominate power requirements of the future. The complex
radio propagation environment is heavily influenced by
topography, foliage, precipitation, buildings, and the
antenna heights. These influences change significantly
at the high frequencies that is to be used to support
the increased information flow to and from dismounted
soldiers. Research on antenna technology is needed to
characterise and quantify interactions of the environment
and antennas.
It is worthy to note that commercial industry is
already working on energy-efficient mobile communications
and data processing, therefore an organization can
take substantial advantage of it just by following
industry’s lead, if necessary depending upon the extent
of exigency. It is appropriate to embrace commercial
electronics technologies that have the potential for
improving energy-efficiency.
A number of strategic research objectives, both
Near-term Objective (NTO) as well as Far-term Objective
(FTO) identified by professionals. Following Table
shows typical summary of information related to
communication activities: in Table 1.
It becomes amply clear that there is a great necessity
to develop battery system for soldier. Performance of
future soldier system (human and /or robot) depends
on the energy efficiency of the equipment and need
for power continues to grow and the soldiers of the
future would have to carry the means to power sensors,
Energy sources and systems
Rechargeable batteries
Fuel cell
Human powered system
Low power electronics design
Design tools for minimizing power consumption
Architectural level design tools
Packaging to minimize interconnections
Optimizing device design
Design methodologies for army system on a chip
Communication computers, displays, and sensors
Thermal equipment architecture
Component and human computer interface
Ultra low power displays and sensors
Multimodal and adaptive communication circuits
Evolution of hardware and software
Network, protocols and operations
Wireweless battlefield
Sensor and software for power management
Models for optimizing energy efficiency
Propagation characteristics and antenna design
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energy gap.
Fuel cells are the focus of intense interest because
of their potential as instantly ‘rechargeable’ energy
sources that can meet specific energy requirements
for high electrical loads and long mission lengths.
Like metal/air batteries, fuel cells are air-breathing
devices that cannot operate when submerged in water.
Future acceptance of fuel cells on the battlefield will
be determined to a great extent by logistics, because
current prototypes are fueled by the nonstandard
logistics fuels like methanol and hydrogen.
Thus, batteries will be an integral part of hybrid
and stand-alone energy sources for the foreseeable
future. The challenge is to make batteries smaller,
lighter, cheaper, more reliable, and more energy-dense
without sacrificing safety.
Figure 1. Energy efficient design.

communications, navigation, vision, and even medical
or micro-climate changes. Without portable power or
battery system, all electronic devices and appliances
howsoever hi-tech are useless burden.

3.	Rquirement for Solutions
Some of the important requirements for the development
of portable power system and allied items in relation
to modern communication technology are:
• Lithium-ion battery technology is a very important
technology for portable energy system.
• Universal charging device are to facilitate configuration
and making compatible to all kinds of electronic
gadgets
• New material systems such as solid electrolytes, special
conductive membranes, anode as well as cathode
electrode items probably based on nanotechnology can
be utilised to develop battery systems of higher storage
capacity with improved stability and safety.
• Photovoltaic solar power systems may be a useful
source of power in the operation system. Some of the
industries reportedly have developed to cater the need
of foldable/ `flexible’ photovoltaic solar power systems
for the soldiers.
• Fuel cell may be another option like photovoltaic solar
power system. For development of portable fuel cell, it
is essential to develop proton conductive temperature
resistant membrane technology. The membrane
should have good water retention capability as well as
withstand and remain functional even at low sub zero
temperature for which suitable nanotechnology is a
probable way for solution.
• It is essential to evolve low power electronic devices,
energy efficient design, new energy equipment voice/
data/video compression, architectures, software,
algorithm and protocols to mitigate the problem of
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4.	Conclusions
Pattern and form of war changed over the years
with the progress of civilisation and culture. With the
innovation of modern electronic gadgets, the requirements
of soldier’s need have changed enormously with time.
Without portable power or battery system, all electronic
devices and appliances howsoever hi-tech will become
useless burden. Design of low power electronics items
and new effective rechargeable light weight battery
as portable power source will be a major challenge
to cater the need of future electronic gadgets.
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Kavita Narwal*, Shivali Gupta# and Alka Bansal*
*Defence Scientific Information and Documentation Centre (DESIDOC), Delhi–110054
#
Rajkus Designs Pvt Limited, Delhi–110 091, India
*
E-mail: to_kavita80@yahoo.co.in

lkjka”k
bl i= esa fdlh Hkh laxBu ds fy, vko”;d lwpuk ds çlkj midj.k ds :i esa foKkiuksa ds ckjs esa o.kZu
fd;k x;k gSA ;g i= foKkiu dh ifjHkk’kk] t:jr vkSj mi;ksx vkSj midj.kksa ds çdkj ij fopkj djrk gSA
;g MslhM‚d }kjk vius mRiknksa] lsokvksa vkSj vU; {ks=ksa dks c<+kok nsus ds fy, foKkiu rFkk mlds midj.kksa ij
çdk”k Mkyrk gSA
Abstract
This paper describes about advertisements as essential information dissemination tool for any
organisation. It elaborates upon the definition of advertisement, need and uses, and type of advertisements.
It highlights the various tools being used by DESIDOC for advertising and promotion of its products,
services and other areas.
Keyword: Advertising, information technology, case study, tools of advertising

1.

Introduction
Advertising is a form of marketing communication
used to persuade an audience to take or continue some
action, usually with respect to a commercial offering,
or political or ideological support 1. Advertising is the
printed, written, verbal representation of a person,
product and service sponsored by advertiser for the
purpose of influencing the sale, endorsement, use or
deliver message. It is an art of sale and a medium
whose aim is to publicise the product or service for
increasing the demand of the interested customer.
Advertising is a process through which the customer’s
attention is drawn towards the available products and
services in relation to their quality and effectiveness.
Advertisements are the backbone for the survival of
any newspaper or magazine. It is a capital generation
or/and promotion process for the survival and growth
of any organisation. These advertisements can take
medium such as newspapers, television, radio, internet,
etc. Each medium is important as each has its specific
feature. The choice of audience/readers regarding the
selection of media may vary and may depend on specific
news, details of news, availability, readability, etc.
2.

Aims of Advertising
For development of any industry advertising is
essential. It introduces the development of the industry

to everyone. For national and social development,
advertisements play extremely important role. It fulfils
the needs and desires of the consumers by leading to
them with the information and increase competition
which lead to product quality and people’s attention.
Advertising is done with following aims:

2.1 Introduction
No product can gain visibility, recognition, acceptance
of its existence without being introduced to cousumers.
Introduction make a base for initial foundation of any
idea, product or subject. It is an important activity of
an organisation to duly introduce itself and its products
in an appropriate manner to gain acceptance.
2.2 Draw Attraction
Main aim of an advertisement is to draw attraction
of masses and eventually generate curiosity to utilise
the service or products. Without being attracted to
a product no customer will think of buying it. This
is done by providing the suitable and catchy title
(heading), tagline, colour, photographs, expression,
context, and a mix of all. They are placed at major
and prominent places like railway stations, mobile
vehicles, high rise buildings, flyovers, high and low
velleys, bridges, etc.
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2.3 Create Interest
Advertisement should be such which ignite the
interest in the mind of customer. For this purpose the
qualities and characteristics and users are elaborated
in extensive manner.
2.4 Faith generation
To generate the faith in the products various
product related people such as doctors, actors, sports
persons, etc., are engaged in the advertisements. It
gives an impression that they are using these products
and getting benefits.
2.5 Retention in Memory
Advertisements are created in such a way that
they get memorised by the people by using catchy
taglines and flashy colours, hummable jingles, etc.
Repeated telecast or print of the advertisement help
in retention in memory of consumers.
2.6 Developing Need
The features of products and services are presented
in such a way that the customer feels that it is most
important for them to buy.
2.7 Sale Promotion
The ultimate objective of a business organisation
is to generate and increase in its sale and make
profits.
2.8 Image Building
It is an extremely vital tool for image building
of an organisation which shows its long standing,
effective marketing, product utilisation, etc to increase
brand value. It helps to launch new products of the
company and gain easy acceptance in the market.
3. Types of Advertisements for
Electronic media
Before advertisement, it is imperative to decide
the content, context, scope, budget, etc. The factors
like usefulness, popularity, trust, effectiveness of the
medium are taken care of. There are different type
of advertisements which are:
3.1 Display or Decorative Advertisement
They are very important part of newspapers as
they are main source of their income. These are
published in different sizes, and varied designs. Those
advertisements which are published occasionally cost
more, because they are not regular and published without
preplanning. If they are to be published in specific
place then they cost even more. For example, full page
advertisement, front page advertisements, etc.

3.2 Classified Advertisement
These advertisements are published in daily newspapers
at different costs. The cost is decided upon the basis
of standing, sale, and popularity of newspaper. They
usually cost less than display advertisement. These cover
admission notices, situation vacants, lost and found,
to let, name change, etc. Generally, all newspapers
have specified pages for such advertisements. These
have specific headings. Internet also offers classified
advertisements such as tenders, expression of interest,
etc.
3.3 National Advertisements
These type of advertisements are released by
government agencies for public welfare informing
about the various welfare schemes, activities, etc.
For Ex. Dry day, Election related information, Polio
immunisation, consumer welfare scheme, etc.
3.4 Law-related Advertisements
These advertisements are related to law. Here,
public notifications, and information which have
relevance with the law are publicised. This also cover
notification, probation, bankruptcy, warnings, income
tax, etc.
3.5 Local Advertisements
These advertisements are covered in the local
newspapers from where the newspaper is published.
These cover cinema, hotels, restaurants, stores, institutes,
etc. Electronic media such as cable television also
cover local advertisements.
4. 	Characteristics of
Advertisements for E-media
Advertisements should form part of a complete
marketing strategy. Online advertisements should
coordinate with offline advertisements.
Visual Attraction—Advertisements must be visually
attractive, colourful and should draw reader’s attention.
For electronic media the advertisement have to be
interactive and animated.
Target specific—Advertisements should target specific
groups or individual consumers. Advertisements should
be adaptable and be able to communicate on a personal
level.
Valuable—Valuable information should be provided to
the consumer, with least delay in uploading.
Trademarks—These show the company’s good will
and long standing in the market and makes competition
easy, hence should be displayed prominently.
Availability—There is a need to use maximum forums
such as social media, mailing lists, frequently visit
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sites, youtube, electronic bulletin boards, etc.
Ordering Process—The ordering processes should be
easy and described in a clear manner. It should have
simple and almost the same ordering style what others
follow, so that it is convenient and have familiarity
with ordering process.

5. Effectiveness of Advertising
Advertising is not selling. It is a tool for promotion
of sale. Advertising depends upon the literacy of
the people, time slot chosen by the advertiser, no.
of people receiving the message, advertised product
technology, exposure to media being used, interest
of people in that message (many want to deactivate
incoming advertising messages), goodwill of the
company, satisfaction of the user, willingness of the
user to understand the message, etc.
It is not easy to know the effectiveness of advertising
message. The common method is that an area is chosen
where earlier advertising is not done and figure of
sale is received before advertisement, then change
in sale is calculated during the advertisement and
then after advertisement. But, one can never be sure
if advertising is the only reason for sale. Usually a
survey is done to know how many customers have
enquired about the product. But will the enquiry be
converted in to sale is not sure. For social message
advertising, the measurement of effectiveness is even
more difficult.
6. About DESIDOC
DESIDOC is committed to be a Centre of Excellence
in processing and disseminating S&T information on
cutting-edge technologies for Defence R&D in terms of
providing quality publications, knowledge management,
web-based information services and document supply
to the customers through continual improvement of its
products, library and reprographic services, publications
and quality management system.
6.1 Areas of Work
Library Services (Information Processing and
Dissemination)
•
Digital Reference Desk
•
DRDO Current Periodicals
•
DRDO E-Journals Service
•
Forthcoming International Conference on Military
Science and Technology (FICMST)
•
Info Watch Service (Selective Full-text Article
Service)
•
Journal Search Service
•
New Books
•
New Technical Reports
•
Newspaper Clippings Service
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•
•
•
•

Online E-books Service
Online Public Access Catalogue (OPAC)
Reference/Document Supply Service
Strategic Information Service

Repositories
To cater to the need of DRDO R&D community,
DESIDOC develops various repositories/databases for
dissemination of information. Following repositories
have been created:
•
Back Volumes of Periodicals (Bibliographic)
•
Defence Science Journal Digital Library(Papers
published in DSJ) (Full-text)
•
DESIDOC Journal of Library and Information
Technology Digital Library (Papers published in
DJLIT) (Full-text)
•
Digital Library of Translated Documents (Fulltext)
•
Institutional Repository-Gyanstrota (Papers) (Fulltext)
•
Knowledge Repository (Reports) (Full-text)
•
Microfiche Digital (Full-text)
•
Newspaper Clippings database (Full-text)
•
Union Catalogue of Periodicals of DRDO Libraries
(Bibliographic)
Publications
DESIDOC functions as the publication wing of
DRDO and brings out a number of publications,
covering current developments in Indian Defence R&D.
Some of the unclassified publications are:
•
Defence Science Journal
•
DESIDOC Journal of Library and Information
Technology (DJLIT)
•
DRDO Newsletter
•
DRDO Samachar (Hindi)
•
DRDO Science Spectrum
•
DRDO Technology Spectrum
•
Technology Focus
•
Prodyogiki Vishesh (Hindi)
•
DRDO Monographs
•
DRDO Conference Proceedings
•
Gyandeep
•
Other Special Publications

6.2 Advertising Activities of DESIDOC
DESIDOC has been using various advertising
tools using information technology for wider publicity
of its products, publications and services. All the
publications and services are available in digital
format and are disseminated using various information
technology tools for wider and timely dissemination.
These products and services are being made available
as platform independent. DESIDOC is also using
federated search facility for wider and quick access
of its services through DRDO intranet. Some of the
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advertising efforts are:
•

Tenders Information—Tenders or Expression of Interest
is floated through news papers and internet (through
website) to purchase products or services.

•

Recruitment— Advertisements are floated when
recruitment is to be done.

•

Information about forthcoming conferences—Internet
is used to announce the forthcoming conference
‘call for papers’ and also the event is covered in
various local and national dailies

•

Annual Report— It is an important tool to publicise
an organisation. It is annually brought out by
DESIDOC covering the activities and achievements
of DESIDOC during last one year.

conferences in Hindi also to promote science
and generate scientific literature in Hindi for
masses.
•

Video magazine— DESIDOC is bringing out video
magazine in hindi and English covering the activities
and achievements of DRDO on monthly basis.

•

Newsletter—DESIDOC publishes monthly newsletter
‘DRDO Newsletter’ highlighting the activities and
achievements of DRDO on monthly basis. It is
published in Hindi also under the name ‘DRDO
Samachar’. Technology Focus is another bimonthly
publication covering the products and technologies
developed by DRDO.

•

Apps—It has created apps for wider and dissemination
of its services which are tailor made and individualspecific. Apps like RSS feeds and notifications
are being used.

•

Promotional Material— Various brochures, fliers
and catalogues are brought out covering the
details of products and services of DESIDOC
and distributed.

•

Sponsorship Programmes— DESIDOC on behalf on
DRDO sponsors various conferences related to its
subject area takes part and sponsors conferences
whereby promoting DRDO activities.

•

Exhibitions—DESIDOC on behalf on DRDO exhibits
DRDO publications in various book fairs, and
Defence exhibitions.

•

Advertisements— DESIDOC gets its publications
advertised in different S&T and defence related
journals, conference proceedings, Newsletters,
etc.

7. CONCLUSIONS
The purpose of advertising is to provide profit to
the producer, educate the consumer, help the retailer,
and reduce competition and to build relation between
the consumer and producer. Advertising is essential
for progress of any organisation and DESIDOC is not
an exception to it. It is deeply involved in promoting
its products and services in hardcore manner for
maximum utilisation of its resources and image building.
Continuous efforts and greater visibility are keys for
success for any organisation for its survival. A lot has
been achieved and a lot is yet to be achieved.

•

E-book Stores— The publications are available
through various e-book stores like Amazon, etc.

fu’d’kZ Z

•

Free Subscription—DESIDOC journals are provided
as complimentary subscription to DRDO labs
and DRDO monographs to DRDO labs and other
defence related institutions and organisations

•

Indexing and Abstracting Services— The journals
details and full-text is provided to various national and
international services such as Scopus, LISA, LISTA,
EBSCO Abstracts/Full-text, Library Literature and
Information Science Index/Full-text, The Informed
Librarian Online, DOAJ, OpenJ-Gate, Indian Science
Abstracts, Indian Citation Index, Full text Sources
Online, WorldCat, Proquest, and OCLC.

•

Conferences and seminars— DESIDOC organises
seminars and conferences on current topics of
relevance on regular basis. It conducts and organises

foKkiu dk mís ” ; fuekZ r k dks ykHk miyC/k djkuk]
miHkks ä k dks f”kf{kr djuk] Qq V dj fcØh es a enn djuk]
çfrLi/kkZ dks de djuk vkS j miHkks ä k vkS j fuekZ r k ds chp
çxk< la c a / k LFkkfir djuk gS A foKkiu fdlh Hkh la x Bu dh
çxfr ds fy, vR;a r vko’;d gS vkS j Ms l hM‚d Hkh bldk
viokn ugha gS A Ms l hM‚d vius Nfo fuekZ . k vkS j vius la l k/
kuks a ds vf/kdre mi;ks x ds fy, fofHkUu rjhdks ls vius
mRiknks a vkS j ls o kvks a dks c<+ k ok ns u s es a xgjkbZ ls ”kkfey gS A
lrr ç;kl rFkk vf/kd ls vf/kd –”;rk fdlh Hkh la x Bu
ds fy, vius vfLrRo dks cuk, j[kus ds fy, lQyrk dh
dq a t h gS a A Ms l hM‚d us xr o”kks a Z es a cgq r dq N gkfly fd;k
gS vkS j vHkh cgq r dq N gkfly fd;k tkuk ckdh gS A

BIBLIOGRAPHY
1. http://en.wikipedia.org/wiki/Advertising
2. DESIDOC Brochure.

111

Bilingual International Conference on Information Technology: Yesterday, Today, and Tomorrow, 19-21 February 2015, PP. 112-116
 2015, DESIDOC
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lkjka”k
tc ge dk;Z”khy iwath (working capital) ds fo”k; esa ckr djrs gS rks lcls igyk fopkj ;gh vkrk gS
dh dksbZ Hkh daiuh dh thfodk dh ;g vk/kkjHkwr t#jr gS! dk;Z”khy iwath eryc ml iSls ls gS ftldh nSfud
[kpksZ ds fy, ,d daiuh dks t#jr gS blfy, dk;Z”khy iwath dh egRoÙkk dks dqN “kCnksa esa fy[kuk laHko ugha gS
D;ksafd ;g ,d cgqr cMk fo’k; gSA çLrqr “kks/k i= esa gekjk mís”; ,d mRiknu djus okyh daiuh vkSj O;kikj
djus okyh daiuh dh dk;Z”khy iwath ds <kaps dh rqyuk djuk, blds dkj.kksa dks tkuuk vkSj bu nksuksa daiuh
dh j.kuhfr dk Kku ikuk gS! bu mns”;ksa dks tkuus ds fy, geus o”kZ 2009 ls o’kZ 2014 dh okf’kZd fjiksVZ dks
vk/kkj cuk;k gS D;ksafd ge ;g c[kwch tkurs gS dh fdlh Hkh mRiknu daiuh dk eqæk #ikraj.k pØ fdlh Hkh
O;kikj djus okyh daiuh ls cMk gksxk ysfdu ;g Hkh t#jh ugha gS dh O;kikj daiuh viuh eqæk dh miyC/krk
dh T;knk ek=k j[ksaA vuqikr vkSj vkys[k dh rduhdks dk ç;ksx djds bu ç”uksa ds tokc dks tkuus dh dksf”k”k
dh tk,xh blds vfrfjä ge fiN~ys 5 o’kksZ ds eqæk #ika=.k pØ vkSj mlds mrkj&p<ko dk Hkh rqyukRed v/;u
vius “kks/k i= esa djus dk ç;kl djaxsA
Abstract
While we talk about working capital, one Sentence best suits to it that is “Basic need for Survival”.
Working Capital means money that is necessary for daily expenditures. So it is not possible to write the
extent of importance of working capital in a few words. In our study, the purpose is to differentiate the
pattern of working capital of a Trading concern versus the pattern of working capital of a manufacturing
concern. The reason behind this question is to get to know the type of strategy adopted by the Selected
Organizations for which we are analyzing the pattern of working capital in last 5 years (2009-10 to 201314) because we know that the cash conversion cycle of a manufacturing concern is longer as compared
to a trading concern, but it is not necessary that a trading concern will keep liquidity at a higher level
due to small cycle. The techniques of Ratio along with graphs have been used to find out the answer
of this question. As well as we have compared the cash conversion cycles and volatility or variation in
the working capital in last 5 years of both concerns.
Keywords: Working capital, short term funds, cash conversion cycle, liquidity, volatility, standard
deviation, coefficient of variation, ratio, inventory

1. Introduction

Working Capital is the need that a firm has to
satisfy to survive its daily operations. Like a person
needs money in his pocket to meet his expenses, an
Organization also need funds to operate its day to day
functions. Without the adequacy of Working Capital,
a firm can’t run in short term, so the answer of
surviving in long term. The term is very clear that
how it would survive in long term ‘Working Capital’
is used in 2 contexts: Gross and Net Working Capital.
Gross working capital means the total short term funds
(Current assets + Current Liabilities) available to a
firm for short term, Net Working Capital means the
exact owner’s funds available for short term, deducting

Outsider’s contributions (current liabilities) from total
short term funds.

1.1 Selected Companies

For the Purpose of our study, we have selected
2 companies namely BHEL Ltd (as Manufacturing
concern) and MMTC Ltd. (as Trading Concern). Their
brief profile is as follows:

1.1.1 Manufacturing Company-BHEL Ltd.
B hara t Heavy Electricals Limited (BHEL) owned
by Government of India, is a power plant equipment
manufacturer. BHEL was established in 1964. BHEL
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is India’s largest engineering and manufacturing
company of its kind. Heavy Electrical (India) Ltd was
merged with BHEL in 1974. In 1982, it entered into
power equipments, to reduce its dependence on the power
sector. It developed the capability to produce a variety
of electrical, electronic and mechanical equipments for
all sectors, including transmission, transportation, oil and
gas and other allied industries. In 1991, it was converted
into a public limited company. The company has been
earning profits continuously since 1971-72 and paying
dividends uninterruptedly since 1976-77 .

1.1.2 Trading Company-MMTC Ltd.

Metals and Minerals Trading Corporation of India
(MMTC), is India’s largest public sector trading body.
Not only handling the export of primary products such
as coal, iron ore, and manufactured agro and industrial
products, MMTC also imports important commodities
such as ferrous and nonferrous metals for industry, and
agricultural fertilisers. MMTC’s diverse trade activities cover
third country trade, joint ventures and link deals and all
modern forms of international trading. The company has
a vast international trade network, spanning almost in all
countries in Asia, Europe, Africa, Oceania, America and
also includes a wholly owned international subsidiary in
Singapore, MTPL. It is one of the Miniratnas companies.
It is the largest international trading company of India
and the first public sector enterprise to be accorded the
status of five star export houses by Government of India
for long standing contribution to exports .

2.	Objectives
•
To compare the pattern of the working capital of
a manufacturing concern and a trading concern.
•
To know where the level of working capital is
higher.
•
To compare the volatility in working capital of
a trading and a manufacturing concern.
•
To compare the cash conversion cycle of manufacturing
concern and a trading concern.
3.

Methodology

The study has been carried out by selecting one
manufacturing company namely BHEL Ltd. That is the
one of the leading Manufacturing Company in Indian
electronic industry and one trading company MMTC
Ltd. that is one of the largest company in Indian trading
industry.
The data required to complete the study has been
collected from the published annual reports of BHEL Ltd.
and MMTC Ltd. for last 5 years (2009-10 to 2013-14).

The data collected from the published annual reports
of the selected company for the 5 year period have been
suitably re-arranged, classified and tabulated as per
requirements of the study. To analyse the working capital
performance of the selected company, the technique of
ratio analysis has been used. The ratios which are taken

into consideration are as follows:
(a) Cash Conversion Cycle of the Companies
It is the time lag between making an expenditure
to manufacture a product and ultimately collecting the
money from the accounts receivables (by selling the
product that we have manufactured). Always a shorter
cash conversion cycle is preferred. A longer CCC indicates
current or potential problems with cash. So, In short we
can define CCC as follows:
‘CCC expresses the length of time, in days, that it
takes for a company to convert its resource inputs into
cash flows’. Financial Dictionary
To calculate CCC, we need following items from
the financial statements:
•
Revenue or sales and cost of goods sold (COGS)
from the income statement;
•
Inventory at the beginning and end of the time
period;
•
AR at the beginning and end of the time period;
•
AP at the beginning and end of the time period;
and
•
The number of days in the period (year = 365 days,
quarter = 90).
	Cash Conversion Cycle = Days Inventory
	Outstanding (DIO) + Days Sales Outstanding
(DSO) - Days Payables Outstanding(DPO)

(b) Standard Deviation in Working Capital of the
Selected Companies
Standard deviation is a statistical measurement
that explains historical volatility or fluctuations in
terms of number. For example, a volatile stock will
have a high standard deviation while the deviation of
a stable blue chip stock will be lower. To calculate
SD following formula is used:
Performance indicators

Method of measurement

Current Ratio

Current Assets ÷ Current Liabilities

Quick Ratio

Current Assets - Inventories ÷ Current
Liabilities

Cash Ratio

Cash and Bank Balance ÷ Current
Liabilities

Inventory to Current
Assets Ratio

Inventory ÷ Current Assets X 100

Inventory Turnover Ratio

Sales ÷ Avg. Inventory

Where, X are the individual values and ẍ is mean of
all the values, N is the number of values.

(c) Coefficient of Variation

The coefficient of variation represents the ratio of
the standard deviation to the mean, and it is a useful
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statistic for comparing the degree of variation
from one data series to another. It gives us the
result of volatility in percentage.

4.

Analysis of Data
With the help of above performance indicators,
we have computed following results and placed them
on a single place to compare the performance of
the working capital of both the concerns easily.

Years

DIO

DSO

DPO

CCC-BHEL (days)

2009-10

112.64

195.27

88.58

219.32

2010-11

107.16

202.02

91.21

217.97

2011-12

113.05

171.58

85.76

198.86

2012-13

113.20

201.40

89.25

225.36

2013-14

110.96

257.50
95.14 273.32
(Source: Annual Reports of BHEL Ltd.)

As we can see in terms of numbers that the CCC
of a manufacturing concern is longer as compared
to a trading concern, because of, many reasons like
blockage of money in inventory slower sales and
slower generation of cash.
(Rs. in Crore)

Yrs.

WC
BHEL

WC
MMTC

CR
BHEL

CR
MMTC

QR
BHEL

QR
MMTC

CASH
RATIO
BHEL

CASH
RATIO
MMTC

ITO
BHEL

2009-10

10366.67

6114.681

1.32

2.139

1.03

1.741

0.30

1.151

4.01

33.60

21.58

18.61

2010-11

12432.49

7173.876

1.32

2.362

1.04

2.237

0.25

1.300

4.30

49.85

21.34

5.27

2011-12

19934.99

879.251

1.68

1.078

1.22

0.994

0.23

0.261

4.09

83.45

27.55

7.80

2012-13

23202.54

783.887

1.82

1.153

1.40

0.977

0.28

0.334

3.97

35.52

23.09

15.30

2013-14

26398.84

781.386

2.02

1.236

1.64

1.140

0.46

0.195

3.76

46.20

18.72

7.73

Mean

18467.106

3146.616

1.632

1.5936

1.266

1.4178

0.304

0.6482

4.026

49.724

22.456

10.942

S.D.

6883.40534

3215.042

0.309386

0.607402

0.258225

0.553767

0.091269

0.531904

0.19578

20.07246

3.252742

5.704189

C.V.

37.2738714

102.1746

18.95751

38.11509

20.3969

39.05818

30.02264

82.0586

4.862903

40.36775

14.48496

52.13114

We have also computed S.D and C.V. to get to
know the variance in the working capital.

4.1 Ratios and Volatility
Table 1. shows the trend and relationship in
current ratios, quick ratios, cash ratios and inventory
to current asset ratios as well as SD and CV as
volatility measures.
The calculated values have been plotted in to
graphs to give them a pictorial form as well as for
making the process of analysis easier.

ITO
MMTC

INV. TO
C.A
BHEL

INV. TO
C.A
MMTC

The calculated values have been plotted in to
graphs to represent our results in pictorial form as
follows:
Interpretation: The CCC of manufacturing concern
takes more time to convert inputs into cash as compared
to trading concern, whose CCC is very small.

4.2 Cash Conversion Cycles
4.2.1 CCC BHEL
Years

DIO

DSO

DPO

CCC-MMTC (days)

2009-10

10.94

12.75

30.30

-6.60

2010-11

7.36

10.74

18.50

-0.40

2011-12

4.39

14.79

18.67

0.51

2012-13

10.37

26.43

31.56

5.24

2013-14

8.00

23.85

24.42

7.43

( Source: Annual Reports of MMTC Ltd.)
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Figure 1. Comparision of cash conversion cycle

4.3 Comparison of Working Capital
We can see that there is a huge difference in
the working capital o f a manufacturing concern and
trading concern. The manufacturing concern has to
keep its working capital at a highe r level.
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The CR of BHEL has become greater as compared
to MMTC in 2013-14 but initially the cash ratio of
MMTC was higher. A drastic decrease we can see in
CR of MMTC that we can predict in the upcoming
years also. But we can see that BHEL is continuously
increasing its cash assets or liquidity and we can
predict an increasing trend in future also.

Figure 2. Working capital.

Figure 3. Current ratio.

4.4 Comparison of Current Ratios
The current ratio of MMTC was greater in first
two years but after that it got decreased as compared to
BHEL, so we can interpret that the CR of manufacturing
concern is greater and on increasing trend.

4.7 Comparison of Inventory Turnover Ratio
The ITO of MMTC is not stable but on the other
hand BHEL’S ITO is smooth and stable so we can
interpret that BHEL is selling its inventory on same
speed but MMTC’s selling speed of Inventory is
on higher trend or we can say MMTC is selling its
inventory faster.
4.8 Comparison of Inventory’s % of Current
Assets
Interpretation: The blockage of Inventory is greater
in a Manufacturing concern as compared to trading
concern. But we can see that the both concerns are
working on the Inventory, because their inventory to
current assets ratio is showing decreasing trend.

4.5 Comparison of Quick Ratios
The QR of BHEL is also greater as compared
to MMTC. So that we can say that BHEL has also
maintained its Quick assets at a higher level as
compared to MMTC. But MMTC’S QR is showing
an increasing trend in future years.
4.6 Comparison of Ratio of Cash to Current
Assets

Figure 6. Inventory turnover.

Figure 7. Inventory to current assests (%).
Figure 4. Quick ratio.

Figure 5. Cash to current assests.

Figure 8. Coefficient of variation.
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4.9 Comparison of Coefficient of Variation or
Volatility
On the basis of selected parameters we have
computed the volatility of those factors in a trading
and manufacturing concern. We can interpret that the
Working Capital of a Trading concern is more Volatile
as compared to a Manufacturing Concern.

a trading concern. Trading concern converts its inputs
into cash faster as compared to a manufacturing concern,
that’s why the cash conversion cycle of a trading
concern is smaller as compared to a manufacturing
concern. Due to slow conversion the manufacturing
concern has to maintain more liquidity as compared
to a trading concern.

5.

fu"d"kZ
ç;ksx fd;s x, ekinaMks ds vk/kkj ij çLrqr ‘kks/k i= esa geus
ik;k dh dk;Z’khy iwath rjyrk vuqikr ¼Liquidity Ratio½]
jgfr;k vuqikr ¼Inventory Ratio½ vkSj dk;Z’khy iwath vkSj
blds rRoksa ds mrkj p<ko dk v/;;u fd;k x;k gS! ‘kks/k ls
irk pyrk gS dh fdlh Hkh O;kikj daiuh dh dk;Z’khy iwath esa
mRiknu daiuh dh rqyuk esa T;knk mrkj p<ko ik;k x;k gS!
fdUrq mRiknu daiuh esa dk;Z”khy iwath dh ek=k O;kikj daiuh ls
T;knk gS! O;kikj daiuh mrkInu daiuh dh rqyuk esa tYnh iSls
ls iSlk cuk ysrh gS! blh fy, O;kikj daiuh dk eqæk :ikarj.k
pØ mRiknu daiuh dh rqyuk esa tYnh lekIr gks tkrk gS! ‘kks/k
ds nkSjku ,d vkSj ckr lkeus vkbZ dh mRiknu daiuh dh xfr
/kheh o yEch gksus ds dkj.k mls VªsfMax daiuh dh rqyuk esa iSls
dh miyC/krk T;knk ek=k esa j[kuh iMrh gS!

Summary of Findings
We have studied the pattern of working capital
in a manufacturing concern as well as in a trading
concern, both of them are mutually exclusive in
terms of their functioning. Following are the results
of our study:
•
The level of working capital is higher in a
manufacturing concern as compared to a trading
concern.
•
The manufacturing concern has maintained more
liquidity as compared to trading concern, as its
current and quick ratio is greater, even the cash
ratio is has become greater in the current year.
•
The speed of turning Inventory into sales, (ITO
ratio) of trading concern is faster and fluctuating
as compared to manufacturing concern, whose
ITO is stable.
•
The working capital of trading concern’s is more
volatile as compared to manufacturing concern.
•
The blockage of inventory in a manufacturing concern
is more as compared to trading concern.
•
The cash conversion of trading concern is faster
than manufacturing concern.
6.	Conclusions
On the basis of selected performance parameters
we calculated values, like working capital, Liquidity
ratios, inventory ratio, and volatility. We can conclude
that the working capital of a trading concern is more
volatile as compared to a manufacturing concern, but
the level of working capital is higher as compared to
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tyeXu lsaljksa ¼,ebZ,e vk/kkfjr osDVj gkbMªksQksu½ dk fMtkbu vkSj lajpuk –f"Vdks.k
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lkjka”k
o,ebZ,e ¼ekbØks&bysDVªks&eSdsfudy&flLVe½ vkSj ,ubZ,e,l ¼uSuks&bysDVªks&eSdsfudy&flLVe½ çxfr'khy
{ks= gSa tks ,slh çkS|ksfxfd;ksa dks mRiUu dj jgs gSa tks fo|eku lsaljksa dks lw{e :i nsus esa l{ke gSaA ,ebZ,e
;qfä;ka tSls ,ebZ,e osDVj gkbMªksQksu fo'ks"kdj gYds otu ds Lok;Ùk tyeXu okguksa ¼,;woh½ esa ç;ksx ds fy,
tyeXu /ofud vuqç;ksxksa esa vR;f/kd laHkkouk,a j[krh gSaA ikjaifjd :i ls] lkxjh; /ofud flXuy fof'k"V :i
ls loZfn'kkRed gkbMªksQksu dk ç;ksx djds] tks /ofud nkc dks ekirs gSa] çkIr fd, x, gSaA ,ebZ,e vk/kkfjr
osDVj gkbMªksQksu nksuksa ekunaMksa vFkkZr~ /ofud nkc vkSj vkf.od xfr dh fn'kk çnku djus esa l{ke gSaA ,ebZ,e
çkS|ksfxdh dk ç;ksx djds osDVj gkbMªksQksu dks fMtkbu djuk vkSj lajfpr djuk lsalj çkS|ksfxdh ds {ks= esa
Hkkjr esa ,d u;k ç;kl gksxkA
Abstract
	Micro electro mechanical systems (MEMSs) and Nano electro mechanical System (NEMS) are
advanced fields leading to technologies that are capable of miniaturizing the existing sensors. MEMS
devices like MEMS vector hydrophone have great potential in under water acoustic applications, especially
for the use in light weight autonomous underwater vehicles (AUVs). Traditionally, ocean acoustic signal
has been acquired using typically omnidirectional hydrophones, which measure the acoustic pressure.
MEMs based vector hydrophones are capable to provide both parameters, i.e., acoustic pressure and
direction of particle motion. Designing and fabricating vector hydrophone using MEMS technology will
be a new attempt in India in the field of sensors technology.
Keywords: MEMS, Micro electro mechanical systems, AUVs, vector hydrophone, acoustic pressure

1.

Introduction
Hydrophones are electrical devices which convert
acoustic signals into electrical, and then this signal is
used to listen to underwater sounds. Low cost, highly
sensitive hydrophones are of interest in homeland
security and ocean research. Underwater hydrophone
arrays towed by small autonomous submarines are
being investigated as a possible way to monitor oceangoing threats in America’s waterways.
Mostly hydrophones are designed and fabricated
using piezoelectric transducers. Piezoelectric materials
have the property to convert changes in pressure,
acceleration, strain or force to electrical signals.
Frequency response, sensitivity, directivity pattern and
maximum operating depth, etc. are the major parameters
for the characterization of Vector hydrophones. Major
drawbacks of PZT’s are high density, high acoustic
impedance , higher weight factor, and narrow bandwidth.
Sensors made using MEMS are better than PZT’s / their

conventional counterparts because these are Smaller in
size, Have lower power consumption, more sensitive
to input variations, cheaper due to mass production,
and less invasive than larger devices.
This paper focuses on the approaches to design,
simulate and fabricate a MEMS-based vector hydrophone.
Many research institutes have manufactured MEMS
cilia bionic micro-sensors-based on piezoelectric,
piezo-resistive, and piezo-capacitive by adopting the
fish’s lateral line organ and cricket’s auditory cilia.
MEMS vector hydrophones are designed, simulated,
and realized by some researchers / professors to be
used as acoustic sensors using silicon piezo resistive
approach in the form of T structure and four beam
structures. In case of T-shape structures, a T-Shape
cantilever beam with piezo-resistors and metal leads
have been developed and in the case of a four beam
Structure, a four-beam micro-structure which consists
of four vertical cantilever beams (mass) and a rigid
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plastic cylinder fixed on the centre of the Four Beams
microstructure is being developed, and the whole
structure is completely axial symmetry in the x-z
plane and y-z plane.

2. 	TECHNICAL DESIGN APPROACH
A fish has lateral lines which act as sensory
organ consisting of neuromasts, pores, and nerves,
the neuromasts are covered by a jelly like cupola
located on the canals along the body of the fish. The
water enters the pores through the lateral lines which
reaches the mucus and the flow of mucus will cause
the movement of sensory hairs. As a result, sensory
cells are stimulated and then effect is transmitted along
the sensory path of fish lateral line organs.
2.1	T- Shape Structure
A T-shape hydrophone works on the same principle
as fish lateral line in which a signal acts on a cantilever
beam, which leads to deformation of cantilever beam,
which further causes the change in resistance of the
piezo-resistors (R1 and R2). The piezo-resistors and
the reference resistors (R3 and R4) are arranged in
the Wheatstone bridge which generates the output
voltage due to change in resistances (R1 and R2).
With the help of output voltage, both the direction
and pressure of the underwater acoustic signals can
be mapped / estimated.
2.2	Four-Beam Structure
In this proposed design, hydrophone’s structure
will be the combination of two parts : first one–high
precision four-beam microstructure and second-rigid
plastic cylinder of the same density of water. Below
figure shows the proposed design of the structure.
This four-beam microstructure will consist of four
vertical cantilever beams. The rigid plastic cylinder
is mounted on the mass which is the center of the
four-beam microstructure.
The mass undergoes horizontal displacement and
an angular rotation, whereas the rigid plastic cylinder
undergoes an ideal horizontal stress. Then the whole
structure will get deformed and an amplified and
concentrated strain is generated on the slim-sensing
beams. The four piezo-resistors are arranged in the
Wheatstone bridge used to sense the deformation of the
beams. When a signal is transmitted, there is a change
in resistance of piezo-resistors placed in the sensitive
structure and the bridge’s change will be detected due
to the incentive direct current. Therefore, the vector
underwater acoustic signal will be detected.
3.

SIMULATION
To simulate and determine the size / geometry of
hydrophone ANSYS or COMSOL software may be used.
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To determine the size of the hydrophone structure,
the resonant frequency and fabrication feasibility
are considered. Positions of the piezo-resistors are
chosen to be in the linear region of the longitudinal
stress distribution curve of the beam. Being small in
magnitude, the transverse stress can be ignored.

4. 	FABRICATION
The steps used in the fabrication of hydrophones
are:
•
Cleaning and oxidising the SOI (silicon on insulator)
wafer to form a SiO 2 wafer.
•
The oxide layer (SiO 2) is patterned with photolitho
graphic and wet etching. To form the piezoresistors,
boron is implanted using SiO 2 pattern as the
implantation window.
• The wafer is oxidized again and this oxide is
patterned for ohmic contact holes.
A second layer of denser boron implanted to
form ohmic contact.
d) TiPtAu is deposited to form the metal wire.
e) The cantilevers have been etched in ICP (Inductively
Coupled Plasma) reactor, and then make the back
cavity by EPW (Ethylene Pyrocatechol Water)
aeolotropic Corrosion.
5. 	PACKAGING OF HYDROPHONE
The packaging of the hydrophone must be soundtransparent, insulated, and waterproof. According to the
neuromast structure, SU-8, polyurethane or fibre are
used instead of cupula and castor oil instead of mucus.
Special care must be taken for cable at the time of
packaging to have good electrical shielding to avoid
high electromagnetic interference. Aluminium–bronze
alloy is used to support the body of the hydrophones
which is extremely high corrosion resistant when
immersed in seawater.
Commonly different materials used for encapsulation
of miniaturised hydrophones are epoxy, polyurethane,
silicon rubber.
6. 	CONCLUSION
Radiated noise level of submarines is becoming
losser and losser each year, traditional methods for
submarine detection are not effective. The application of
vector hydrophone will provide several advantages for
meeting the requirement of submarine sound detection.
It is desirable that the application of piezo-resistive
effect and ingenious structure of the hydrophone
may improve the low-frequency sensitivity of vector
hydrophones. It provides significant operational
advantages over traditional hydrophones by providing
the amplitude and direction of the acoustic signal
without left / right ambiguity, that occurs in towed
array scenario.

Singh : Design and Fabrication Approach of Underwater Sensors

Considering the significant advantages of silicon
based four beam structures of MEMS vector hydrophone
like : lightweight, miniaturized, highly sensitive, Low
cost, reduced energy consumption, increased speed,
rigidity enhanced, we are intended to design, fabricate,
and characterise MEMS-based piezo-resistive, piezo
capacitive, non-piezo resistive and other variants of
vector hydrophones to obtain high S/N ratio and
high sensitivity. It is also proposed to make use
of these MEMS hydrophone arrays for light-weight
AUV platforms and mines applications. These vector
hydrophones and hydrophone arrays can be realized
through collaborative programmes within DRDO and
with Educational Institutions for best results.

fu’d’kZ
iuMqfCc;ksa dk çlkfjr 'kksj dk Lrj çR;sd o"kZ de ls
derj gksrk tk jgk gS] iuMqfCc;ksa dk irk yxkus dh ikjaifjd
i)fr;ka vc çHkkoh ugha gSaA osDVj gkbMªksQksu dk vuqç;ksx
iuMqCch dh /ofu dk irk yxkus dh vis{kkvksa dks iwjk djus
gsrq vusd ykHk çnku djsxkA ;g okaNuh; gS fd ikbtks
çfrjks/kh çHkko dk ç;ksx vkSj gkbMªksQksu dh 'kkunkj lajpuk
osDVj gkbMªksQksuksa dh fuEu&vko`fÙk laosnu'khyrk esa lq/kkj dj
ldrh gSA ;g cka,/nkfgus Hkze ds fcuk] tks fd jLlksa dh J`a[kyk
okyh fLFkfr esa mRiUu gksrh gS] /ofud flXuy dk ,EIyhVîwM
vkSj fn'kk çnku djds ikjaifjd gkbMªksQksuksa dh rqyuk esa
egRoiw.kZ çpkyu ykHk&fLFkfr çnku djrk gSA
,ebZ,e osDVj gkbMªksQksu dh flfydu vk/kkfjr pkj che
okyh lajpukvksa ds egRoiw.kZ ykHkksa ij fopkj djrs gq,] tSls&
gYdk otu] lw{eh—r] vR;f/kd laosnh] fuEu ykxr] de ÅtkZ
[kir] of/kZr xfr] of/kZr lq–<+rk] ge mPp ,l/,u vuqikr vkSj
mPp laosnu'khyrk çkIr djus ds fy, osDVj gkbMªksQksuksa ds
,ebZ,e vk/kkfjr ikbtks çfrjks/kh] ikbtks dSisflfVo] xSj&ikbtks
çfrjks/kh vkSj vU; :iksa dks fMtkbu djus] lajfpr djus vkSj
fo'ks"k :i nsus dk bjknk j[krs gSaA bu ,ebZ,e,l gkbMªksQksu
vjS dk gYds otu ds ,;woh IySVQkeZ vkSj [kku laca/kh ç;ksxksa ds
fy, mi;ksx fd, tkus dk Hkh çLrko gSA bu osDVj gkbMªksQksu
vkSj gkbMªksQksu vkSj dks MhvkjMhvks ds Hkhrj vkSj loksZÙke
ifj.kkeksa gsrq 'kS{kf.kd laLFkkvksa ds lkFk lg;ksxkRed dk;ZØe
ds ek/;e ls lkdkj fd;k tk ldrk gSA
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lkjka”k
osc lsok ds fy, lsok dh xq.koÙkk baVjusV ç;ksäk dh mPp ilan cu jgh gSA fdarq] bl {ks= esa vf/kdrj
'kks/k osc lsok dh çR;sd Lora= fo'ks"krk dk v/;;u djus ij dsfUær vFkok fo'ks"krk dh mudh iwoZ&ifjHkkf"kr
çkFkfedrk ij vk/kkfjr gSA ;gka] geus ,d ,slh ç.kkyh dk çLrko fd;k gS tks çR;sd fo'ks"krk dh çR;sd
vuqorhZ fo'ks"krk ls rqyuk djds ç;ksäk dh ilan ij vk/kkfjr fo'ks"krk dh çkFkfedrk dk ifjdyu djrh gSA
egRo ds ifjdyu ds fy,] ge xq.kuQy ds ;ksx dh i)fr dk ç;ksx djrs gSaA osc lsok dk lexz xq.koÙkk
eku egRo ;ksx jhfr dk mi;ksx djds ifjdfyr fd;k tkrk gSA Js.khdj.k ç;ksäk dks muds fy, mi;qä osc
lsok pquus esa enn djsxkA
Abstract
Quality of service for a web service is becoming a high priority of internet users. However, most
of the researches in this field are concentrated on study of each independent attribute of web service
or based on their pre-define-priority of attribute. Here, we proposed a system that calculats priority of
attribute based on user preference by comparing each attribute to each succeeding attribute. To calculate
the weight, we apply the sum of products approach. Overall quality value of web service is calculated
using weight sum mode. The ranking will help the users to choose appropriate web service for them.
Keywords: Selecting of web services, quality of web services, user’s preference, web service discovery,
web service

1.

Introduction
The amount of information stored on the Internet
grows every day. Users are forced to deal with an
overwhelming number of possibilities, and to continuously
make decisions if they want to obtain meaningful
information or services 5.
Web service discovery is a key component in
service-oriented computing. However, without Web
service quality standards and quality-based discovery
mechanisms, the trustworthiness of business-to-business
interactions can’t be guaranteed 3.
Currently web Service architecture consists of 3
roles: Web Service provider, web Service Consumer and
UDDI (Universal Description, Discovery and Integration)
registry. The Current UDDI registries only support web
services discovery based on the functional aspects of
services 2. However, service consumers are interested
in not only the functionalities of web services, but
also their quality of service (QoS) which is a nonfunctional attribute (e.g. response time, availability,

etc.) that may have impact on the quality of service
provided by Web services 2,8,9.
There is multiple web services provider who
provides the same functionality. User can search
these service providers using UDDI registries/Search
engines. But these methods don’t provide result-based
on QoS of web service. Search engine result-based
on information of web page, not the service. Such
techniques are inherently impractical for Web services
because of key structural differences between Web
pages and services 3 . Many papers analysised QoS
of web service. These are focused to generate predefine rule to measure the quality of service. Most
studies have not considered the relation between each
quality attribute and the overall quality but applied
each attribute independently as a constraint to select
a web service. However, web service quality cannot
be determined by only one quality attribute, and the
degree of inﬂuence of each attribute is not the same.
That is, each attribute has a different priority weight
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that depends on the degree of inﬂuence on the overall
quality. The priority weight of each quality attribute
can be determined according to the purpose of the
quality evaluation or the subjectivity of the user
searching the services. Quality has a strong subjective
element 1.
However, determining the weight of each attribute
to select web service isaburden for a user. To reduce
the burden one research paper proposed in 2014, used
Analytic Hierarch Process (AHP) method to generate
the weight of each attribute. AHP method needs n
(n-1)/2 input to perform operation. These values must
be consistent to generate weight which is used to
calculate QoS rank of web service. The probability to
getting consistent value is very low. Therefore, this
paper presents an algorithm in which user have to give
only n value as input and the probability of getting
consistent of the value is better than previous method.
Proposed algorithm comparing each attribute to its next
attribute and then calculating sum of products of input
value in decreasing order to generate weight. This
method is used to calculate the degree of importance
of multiple decision criteria and alternatives in an
Analytic Hierarch Process and ANP 6,7.

2.	RELATED WORKS
Ran 2 proposed a web services discovery model
in which a certiﬁer was added to the existing three
roles of service provider, service consumer, and UDDI
registry. The purpose of the certiﬁer was to verify the
advertised QoS of a web service before its registration.
The consumer can also verify the advertised QoS with
the certiﬁer before binding to a web service. This
system can prevent service providers from publishing
invalid QoS claims during the registration phase and
help consumers to verify the QoS claims to assure
satisfactory transactions with the service providers.
A set of quality attribute metrics was established for
the proposed framework but they didn’t introduce any
method how to do these things.
Al-Masri, Eyhab, and Qusay H. Mahmoud3 proposed
Web Service Broker and test using commercial tools.
They used nine parameters to measure the QoS Of
web service. These parameters are Response Time,
Availability, Throughput, and Likelihood of Success,
Reliability, Compliance, Best Practices, Latency and
Documentation. They proposed Web Service Broker has
automatic collection and validation of data and generates
rank-based on QWS. They didn’t introduce any method
how to do these things. They used commercial tool
for validation that did not consider user preference
and quality weightage.
Patil and Gopal 4 proposed a model for web service
section based on the QoS and an algorithm for matching.

If services are found to match both the functional and
QoS requirements and the ratings requirements which
have been speciﬁed, then the web service broker ranks
the services based on the consumer’s QoS and ratings
requirements. They are using recent models data to
calculate the rank.
Yager, Gumrah and Marek 5 proposed a method to
select the most suitable information and web service
that ﬁt users needs. They applied the lexicographical
preferences that are required for the user to set up
users criterion, satisfaction levels deﬁned with a single
threshold that represents a boundary value between
acceptable and unacceptable values of attributes of
alternatives. This method has an advantage in that it
reﬂects users preferences but, since the user has to
decide the weights of attributes and alternatives and
the threshold, the problem of inconsistency can arise
as a result of the users decision. Furthermore, they
did not suggest a method to decide the weight and
the threshold objectively.
Choi, Cheol Rim, and Hwa Young Jeong 1 developed
a broker-based evaluation system for service selection
according to the QoS preferences of users. Here,they
use AHP as a method to calculate priority weight. To
calculate the weights, they apply a pairwise comparison
matrix and an eigenvector of the matrix. The algorithm
generated weight of each attribute based on users
preference and then according to users functional
requirement, it displays set of service with their QoS
value, then rank these services based on then overall
value. However, AHP method needs n (n-1)/2 input to
perform operation. These values must be consistent to
generate weight which was used to calculate QoS rank
of web service. The probability to getting consistent
value is very low.

3.	PROPOSED SYSTEM
Currently, there is no standard web service quality
exist. Here, we are not focusing on the standard for
web service quality attributes, so we are using six
attributes that are selected from literatures 1-4. These
are cost, fault rate, response time, availability, privacy,
and operability. First four attributes are quantitative
and last two are qualitative. Table 1. We listed the
attributes and their meaning and how to measure these.
Some attribute are qualitative, for that we use scale
to measure their quality. Here to calculate weight of
attribute, we first check the value of product of all
value is one. If not need to enter the value of attribute
again, because it shows that current possible values
are inconsistent. If value is 1 then in reverse order
we perform products of all elements form second
last to first. Finally add the value and divided to
each attribute from the sum, which gave us weight
of each attribute. To generate rank of web service,
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Table 1. Attributes of web service

Table 3. Scales for quantitative attributes
Cost

Fault rate Response
Time

Availability

Scale
Point

<0.01

<0.05

<0.50

>99.9

1.00

<0.03

<0.10

<0.75

>99.5

0.80

Millisecond

<0.05

<1.00

<1.00

>99.0

0.60

<0.10

<5.00

<2.00

>95.0

0.40

Fraction of time web
service is present

Percentage

≥0.10

≥5.00

≥2.00

≤95.0

0.20

Privacy

Ability of the service to
protect the disclosure of
the private information

-

Operability

Ability of the service to
enable the use to operate
and control it.

-

Parameter

Description

Unit of measurement

Cost

Requesting and use of
service

USD/10 min

Fault rate

Failure in service

Percentage

Response time

Time taken to response
the service

Availability

Table 2. Scales for qualitative attributes
Value

Scale value

Excellent

1.00

Good

0.80

Average

0.60

Fair

0.40

Poor

0.20

we need to convert all attributes to one standard
scale because all have different units of measurement.
Table 3 have information of that point value that we
refer from literature [1].
Algorithm:weight calculation
Input; set of attribute value
Begin
For (i = 0; i <n ; i++)
ai
product = ∏ (i=0)(n-1)a i
if(product==1)
for(i=n-2;i>=0; i—)
for(j=n-2;j>=i;j—)
result = ∏a i
w i = result
sum= ∑ in=−02 wi + 1
For (i = n; i <0; i– –)
rank i= w i/sum;
QOS RANK USING THIS FORMULA
QoS of WS= ∑ (i=1)n(Weight of attribute i *scale
point of attritbute i).

4.

IMPLEMENTATION and RESULT
To show the performance of our proposed system ,
we develop one web based application. The application
was implemented on Window 8 with APACHE sever
and using PHP programing language. We took sample
input value that was inserted manually in database
(MYSQL). We checked performance of proposed
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Figure 1. Comparison between Web Broker and proposed
system.

system against the Broker-based system [1] we also
performed input consistency check by inserting sample
data in database. Here, we have plotted graph based
on the results in Fig 1. The rank of web service in
both systems is the same but the proposed system
has less complexity.

5. 	CONCLUSIONand FUTURE WORK
In this paper, we proposed algorithms for Web
Service Discovery based on QoS and users preference.
We also show of our proposed system has better
consistency than the current system. Current system
has very low consistency value 58 out of 15625 but
proposed system has 998 out of 15625 as shown in
graph.
As future research we are going to develop a
system that will be able to predicate the future change
in service based on old behaviour of web service
improvement.

fu’d’kZ
bl i= esa] geus D;wvks,l vkSj ç;ksäk dh ilan ij
vk/kkfjr osc lsok [kkst ds fy, ,YxksfjFe dk çLrko fd;k gSA
geus ;g Hkh fn[kk;k gS fd esjh çLrkfor ç.kkyh orZeku ç.kkyh
ls vf/kd csgrj LFkk;hRo j[krh gSA orZeku ç.kkyh 15625 esa ls
58 dk cgqr de LFkk;h eku j[krh gS] ysfdu çLrkfor ç.kkyh
1565 esa ls 998 dk eku j[krh gS tSlkfd xzkQ esa n'kkZ;k x;k
gSA
bl 'kks/k ds Hkfo";xr dk;Z ds :i esa ge ,slh ç.kkyh
fodflr djus tk jgs gSa tks osc lsok lq/kkj ds iqjkru O;ogkj
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ds vk/kkj ij lsok esa Hkfo";xr ifjorZu dk iwokZuqeku dj
ldrh gSA
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lkjka”k
mi;ksxdrkZvksa }kjk fdlh Hkh lkekftd usVofdaZx osclkbV dh lcls vf/kd bLrseky dh tkus okyh Qhpj
VSfxax gSaA dbZ “kks/kdrkZvksa vkSj ys[kdksa us fofHkUu rduhd tSls yhfu;j DyklhQk;j] cSfl;u usVodZ] ds&fu;jLV
uscj çLrkfor dh gSa vkSj VSfxax dh dk;Zdq”kyrk dh leh{kk dh gSA VSfxax us leku çdkj ds MsVk dk oxhZdj.k
esa miHkksäk dh enn dh gSA tks fd MsVk rRo ds vk/kkj ij ;k jax] vkdkj vkSj Vsx ls lacfU/kr MkVk dh vU;
fofunsZ”k ij vk/kkfjr gSaA yhfu;j DyklhQk;j fof/k lac) pfj=ks dks ifäa :i esa yscy djrk gSA csfl;u usVodZ
fof/k ,d usVodZ esa uksM~l ds chp DykstM çkscsfcfyVh çnku djrk gSA laHkkouk i)fr dk mi;ksx djds oLrqvksa
dh lekurk esa igpku dh tkrh gS vkSj mUgsa ,d fo”ks’k VSx ls oxhZ—r fd;k tkrk gSA VSx ml eSVkMkVk dks
dgk tkrk gS tks oLrqvksa dh leku oxhZ—r lwpuk <w<usa esa enn djrk gSA ds ehUl fof/k dks Hkh VSx ds oxhZdj.k
ds fy, ç;ksx fd;k tkrk gSA ;g iM+kslh ds chp fudVrk dh x.kuk ds }kjk oLrqvksa dsk oxhZdj.k çnku djrk
gSA baMDlu fu;e fof/k }kjk VSfxax fu;eksa vkSj lq/kkj fu;eksa dk ç;ksx mi;ksxdrkZ }kjk fudkyh xbZ tkudkjh
oxhZ—r djus ds fy, fd;k tkrk gSA mi;ksxdrkZ dh tkudkjh ,l th ,e ,y VSx Mkyus ls fudkyh tkrh gSA
bl v/;;u VSfxax fodkl ds rjhdksa ds fo’ys”k.kkRed fo”ys’k.k dks n”kkZrk gSA bu rduhdksa dk ç;ksx vf/kd
lVhd vkSj rst VSfxax lqfo/kk ds fodkl ds fy, fd;k tkrk gSA
Abstract
Tagging is the most used feature of any social networking website used by users. Many researchers
and authors proposed different techniques like linear classifier, Bayesian network, rule induction, K-nearest
neighbour and reviewed the efficiency of tagging. Tagging helps the user to classify the similar kind
of data using similarities based on content of the data or by colour, size and other specifications of
data related to the tag. The liner classifier method labels the characters associated in a linear form. The
Bayesian network method provides the closed probability between the nodes in a network. Using the
probability method, the similarity of the objects is recognized and these are classified in a unique kind
of tag. Tags are so called the metadata which helps in searching the similar classified information about
the objects. K-means method is also used for the classification of the tags. It provides the classification
of the objects by calculating the nearness between its neighbours. Tagging rules and correction rules
are used by the rule induction method for classifying the information extracted by the user. The user
information is extracted by inserting the SGML tags. This study shows analytical analysis of tagging
development methods. These techniques are used for developing the tagging feature faster and more
accurately
Keywords: Collaborative tagging, social tagging, social metadata

1.

Introduction
The availability of metadata (i.e., tags) describing
Web resources has been considered as a key issue as
soon as the Web became a public information space.
Tags represent quite a few different aspects of the
resources these describe and it is not obvious whether
and how these tags or subsets of these can be used for
search OR NOT. In this paper, we present a study on
tagging techniques for very different kind of resources
and systems like Web pages (twitter), mass (Last. FM),
and images (Instagram). Social tagging is an online

community that has become an important method for
reflecting classified thoughts of individual users.
Tagging is the method for classifying the data
based on similarities in different aspects of the data.
Tagging help the user to classify the group of objects
by their basic features like colour, size, height and
width, etc.
There are basically three types of tagging approaches
used for classification of data. The traditional manual
annotation approach is the first type in which user
labels the content manually. However, it is a tedious
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task to do, but it is relevant to small data which leads
to improvement to the tagging approach. The second
approach is content -based annotation, which provides
the tagging on the basis of similarity in content. This
approach uses the low-level characteristics of the
data like shape, size, colour, texture. The automated
annotation technique is the third approach in which
the semantic model concept builds& uses the concept
model of image labeling by automation.
In this paper we have provided a review of
techniques used for developing the tagging feature. The
following four techniques are studied in this paper:
the Bayesian network, the K-nearest neighbour, rule
induction & linear classifier. The Bayesian network is
the popular method used for developing the tagging
technique in which the closed probability between the
nodes is measured. The Bayesian network is an acyclic
graphical model used to handle uncertainty. This model
is developed to represent the probabilistic dependencies
among random variables. the K-nearest neighbour is
an efficient & highly adaptive method for clustering.
It uses the iterative process to calculate the centroids
of clusters and assign each object to its closest cluster
until no object is left. Then the clusters are labeled
with the unique identifier which works as metadata for
the data grouped in the cluster. The decision tree or
the rule induction method is another way to develop
the tagging feature. The rule induction algorithm learns
from a temporary collection of information where it
has highlighted the information to be extracted using
SGML tags. The symbolic rules that insert SGML
tags into text are indicated in two steps. These two
rules are tagging rules and correction rule. The linear
classifier makes the decision of classification based
on the value of a linear combination of characteristic.
These feature value presented typically to a system
in a vector called feature vector.

2.

Literature Review
Social annotation has received major attention in
recent literature. Existing research on social tagging
has been focused on the usage patterns and semantic
values of social annotation 2, the network structure of
social tagging system and its application in information
retrieval. In order to measure the semantic values of
social tags, Al-Khalifa and Davis 5 compare social tags
with the keywords automatically extracted using the
Yahoo Term Extractor and concluded that social tags
were semantically richer than automatically extracted
keywords 2.
Collaborative tagging has been early recognized as a
challenging research topic 1, for instance recent work has
proposed intrusting approaches to tag recommendation
and prediction. Tag prediction concerns the possibility
of identifying the most probable tags to be associated
with non-tagged resources, whereas tag recommendation

is meant to suggest to users the tag to be used to
describe resources they are bookmarking 1.
Automatic image annotation is tedious and highly
relevant machine learning task. The tag annotation
is more important for searching the image database
of many social network sites and other websites
such as Facebook, Google plus, Picasa, Flicker, etc.
However, the big fraction of image database has no
tag, so they never retrieve for queries. Annotation
methodologies for contents can be generally classified
into three types. The first are a manual annotation, in
which users provide semantic information manually
to explain documents, photographs, and video data.
Manual annotation guarantees the appropriate semantic
information about the content based on the user’s
subjective view. However, this method requires a
great deal of time and effort. Furthermore, human
fatigue can reduce the reliability of the semantic
information 6.

2.1	Techniques of Tagging
2.1.1 Bayesian Network
The Bayesian network tells us dependencies of
probabilities on external interventions. Organization of
casual Bayesian network premises one to predict of the
effect of external interventions. Bayesian network model
use to handle uncertainty. This is also known as directed
acyclic graphical model that represents the probabilistic
dependencies among random variables. The closed
probability of the variables is measured in the Bayesian
network model. The closed probability is determining
the basis of the classification of the data. It relies on
Bayes’ rule Eqn. (1) and conditional independence to
estimate the distribution over variables.
P(X Y )* P ( X )
P(X Y )=
(1)
P(Y )
Where p(x|y) is the probability of node x over
y and p(y|x) is the probability of y over x. p(x) is
the probability of node x and p(y) is the probability
of node y.
2.1.2 K-Nearest Neighbour
K-mean is a highly adaptive and more efficient
algorithm based on iteration to form the clusters.
K-Mean clustering is based on user tag. It iteratively
calculates the cluster centroids and reassigns each
document to the closest cluster until no document
can be reassigned. Taking into account the social
annotations, the web documents can be clustered with
K-means based on the following models:
2.1.2.1.Tag Vector Model
•
During the clustering process, the distance from a
document to a cluster centroid is calculated based
on the tag vector which user tagged only.
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2.1.2.2.(Word+Tag) vector model
•
The distance from a document to a cluster centroid
is calculated using combined vector.
2.1.2.3.Word vector + Tag vector model
Each document is represented with two independent
vectors: word vector and tag vector. During the
clustering process, the distance from a document
to a cluster centroid is calculated as the linear
combination of the distance value based on
word vector and the distance value based on tag
vector.
2.1.3 Rule Induction
The rule induction method use the symbolic rules
that inserts the SGML () tags into text. These additional
rules are used for correcting mistakes. The symbolic
rules which insert the SGML tags are inducted in two
steps. These two rules are:
2.1.3.1.Tagging rules
Sets of tagging rules are induced by bottomup generalization of tag instances in the temporary
classification. Shallow knowledge about NLP( natural
Language Processing) is used in the generalization
process 7.
2.1.3.2. Correction rules
Correction rules are induced that refine the tagging
by correcting mistakes and imprecision 7.
The tagging rules contain a conditional pattern
on a connected sequence of words and an action
introducing a single SGML tag into texts.
2.1.4. Linear Classifier
Text classification is an process of taking decision
about the related or non-related data to a given set of
predefined categories. This is the important component
in many organizations. The linear classifier is a group
of classifiers which produce an model which is an
linear combination of features. Linear classifier is
based on machine learning .it uses characteristics of
objects for identifying class or group it belongs.
3.	Review Methodology
For performing this review are, we had built up
some stages based framework which includes data
collection, acceptance and rejection criteria, search
strategy, quality assessment and data extraction.
3.1 Data Sources and Data Collection
The data searching strategy included online electronic
data searches and manual searches of various national
and international conference proceedings. In this
context, following online journal’s databases were
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searched•
IEEE Explore
•
ASQ Digital Library
•
Springer Link
•
Academia.edu
•
Research Gate
•
Google trends
•
Science Direct
•
Elsevier

3.2 Acceptance and Rejection Criteria
The studies which presented quality data on tagging
techniques were accepted. We included the studies of
both students and professionals. The language medium
of all studies was English.
Some very old studies were rejected if they were
not up to the mark. The author’s main focus was to
accept qualitative and tagging methods based research
studies.
3.3 Search Strategy
For searching research papers, we used Google
search engine and MSN search engine. For this
activity, we made some combinations from the area
of tagging techniques. Some of those combinations
are as follows•
collaborative tagging
•
Bayesian network
•
linear classifier
•
K-nearest neighbor
•
rule induction
•
social annotation
3.4. Quality Assessment
For doing quality assessment the authors did
follow the criteria defined in 3. The three main issues
defined in 3 are as follows•
•
•

Rigour: Has a thorough and appropriate
approach been applied to key research methods
in the study?
Credibility: Are the findings well-presented
and meaningful?
Relevance: How useful are the findings to the
software industry and the research community?

3.5	Data Extraction
On this final stage, data was extracted from
each study. The data were extracted on the basis of
parameters like the research method used, TAGGING
methods, domain, publication, and remarks.Table 2
is representing this data. This table shows research
methods, Tagging methods, domains remarks and
publications of these selected research papers.
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Table 1.
S.No.

AUTHORS

YEAR

METHODS

1

Javier parraarnau et al. [1]

2014

collaborative tagging using
tag suppression

2

Young-Seol Lee
et al. [7]

2013

Image tagging using
tree structured Bayesian
network

3

Zhang et al. [10]

2012

Automatic tagging
algorithm based on the
posterior probability
computation using KL
divergence and tag-to-set
correlation analysis

4

Zhang et al. [8]

2012

graph-based reinforcement
algorithm for inter-related
multi-type objects

5

Sevillano et al. [9]

2012

Extracting geographical
relevance from textual
metadata and a geo-tagged
database

6

Kelm et al. [11]

2011

Assigning geo-tags of
visually similar images
within geographical
boundaries

7

Dong et al. [12]

2011

Semi-automatic tagging
process in an incremental
manner

8

Yu et al. [13]

2011

Image segmentation and
similarity calculation for
annotation

9

Larson et al. [14]

2011

Using Markov chain based
algorithm

10

Li et al. [15]

2011

Calculating visual weight
for image region and
similarity comparison with
the content of the region

11

Yang et al. [16]

2011

Image tagging approach
based on near-duplicate
image content and
collective multi-tag
association mining

12

Badii et al. [17]

2011

Semi-automatic labeling
using keywords extracted
from visual features and

Figure 1. Graph on various tagging keywords search (as per
Google trends).

4. 	Result and discussion
In this paper we have four studies on tagging.
The keywords tagging, photo tagging and metadata.
Graph in Fig.1 represents the popularity and interest
in tagging throughout the globe in recent 10 years
(2005-2014).
Graph in Fig.2 represents the concern of tagging
among people worldwide. New Zealand, Australia and
Singapore are the top 3 countries that shown have
interest in tagging (as per the Google trends).

Figure 2. Graph on regional interest of tagging.

Graph in Fig.3 reflects the using trends of tagging
techniques from 2005 to 2014 around the world (as
per the Google trends). Graph is generated for tagging
techniques: Bayesian network, rule induction, linear
classifier and k-means.

topic-map-based interface
Figure 3. Graph on using trend of tagging techniques.

Table 1 shows the related work on tagging by
different authors who have contributed in research
of tagging.

5. 	Conclusion
This paper concludes that within a decade, the
tagging feature has got the spotlight worldwide. Many
websites are using the tagging for classifying the related
data with a tag. This label (i.e. tag) on similar data,
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helps in managing searched data more efficiently. There
are different techniques has developed for tagging
feature and fascinated the developers and users from
the recent past. The k-means technique like is most
popular for tagging. The other techniques Bayesian
network, rule induction and linear classifier also gained
the popularity over the years.

6. 	Threats of validity
6.1. Internal Validity
• Instrumentation: computers and internet application
were used to conduct this study. The low speed
of internet and inability of computer systems may
have affected the result of the study because some
websites do not response at low speed of internet
connection. To overcome this threat, high quality
systems and high speed internet connection were
used.
•

Understanding Rate: Some papers were not
directly using the name of tagging, so it was
difficult to understand that whether these are
papers about tagging or not.

6.2	External Validity
The generalizability of the results of the study
to others (usually real world) setting or population
(Anderson and Bushman, 1997) typically refers to
The external validity. Some websites does not use the
word tagging so that sites are not used for searching
relevant material.
6.3	Conclusion Validity
We had tried to cover more and more data for this
study. But some tagging techniques might not include
here. Some social networking sites were not providing
separate data for India and that could improve the
data we provided.
7.
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fu"d"kZ

bl vkys[k ls fu’d’kZ yxrk gSa fd ,d nkd esa VSfxax
Qhpj us nqfu;k Hkj dk /;ku [khpka gSaA dbZ osclkbVks us VSafxxa
Qhpj dk mi;ksx lacaf/kr MsVk dks ,d VSd ds lkFk oxhZ—r
djusa esa fd;k gSaA ;g VSx ;k yscy leku MkVk dks vf/kd
dqkyrk ls <w<ausa esa enn djrk gSA vrhr esa fofHkUu çdkj dh
rduhdks dk fodkl VSfxax Qhpj ds fy, vkSj fodkl dks vkSj
miHkksäkvksa dks lqfo/kk çnku ds fy, fd;k x;k gSaA ds&ehu
rduhd VSfxax gsrq lcls yksdfç; gSA vU; rduhdksa esa csfl;u
usVodZ] :y baMsDku vkSj yhfu;j DyklhQk;j us Hkh fiNys dqN
o’kksaZ esa yksdfç;rk gkfly dhA
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lkjka”k
tkok] ,,lih] ih,pih tSls osc vuqç;ksx midj.kksa dh “kq:vkr ds ckn ls] MsLdV‚i@DykbaV&loZj vuqç;ksx
ls osc vuqç;ksxksa ds fy, vuqç;ksx fodkl dk dkQh mUu;u fd;k x;k gSA osc vuqç;ksxksa dks dsoy mi;ksxdrkZvksa
¼tks dgha ls Hkh vuqç;ksx dk mi;ksx dj ldus dks csgrj ikrs gSa½ }kjk gh ugha cfYd MsoyilZ vkSj dk;kZfUor
djus okyksa }kjk Hkh ojh;rk nh xbZ gS] tks xzkgdksa ds lHkh fBdkuksa ls v|frr djus dh ctk; ,d gh LFkku
ls bls mUur@v|frr djus esa vklkuh dk vuqHko djrs gSaA osc vuqç;ksxksa dh yksdfç;rk us igys ls fodflr
MsLdV‚i vuqç;ksxksa dks osc vuqç;ksxksa esa mUu;u dh pqukSfr;ksa dks ihNs NksM+ fn;k gSA orZeku çdj.k v/;;u lwpuk
ç.kkyh dh fuxjkuh ;kstukvksa ¼vkxs ,l,evkbZ,l ds :i esa lanfHkZr½ ds DykbaV&loZj laLdj.k dks osc laLdj.k
esa mUur cukus ls lacaf/kr gSA
ABSTRACT
Since the introduction of web application tools like Java, ASP, PHP etc., the application development
has significantly upgraded from desktop/client-server applications to web applications. Web applications
have been given preference not only by the users (who finds it better to access the application from
anywhere) but also by the developers and implementers who find it easy to upgrade/update at one place
rather than trying to update at all client locations. The popularity of web applications have thrown up
the challenges of upgrading the already developed desktop applications to web applications. The present
case study is of upgrading client-server version of schemes monitoring information system (SMIS) to
the web version.
Keywords: Client-server, web application, desktop applications, schemes, SMIS

1.

Introduction
Software application development began with desktop
applications, which could be used on standalone
machines only. With the introduction of the networking
concepts and relational database management systems
(RDBMSs) like MS SQL server etc. the software
applications were developed in client-server mode
where the data was kept on the servers and also
the complex applications were decomposed into two
parts, one which runs on server and other which runs
on personal computers (PCs) known as clients. The
client-server version of SMIS was one such application

which was developed to help the planning cells in
deputy commissioner (DC) offices of all the Districts
in Himachal Pradesh. DCs being developmental head of
districts, receive a number of proposals through various
channels, viz., government, public representatives, gram
panchayats, non-government organisations (NGOs) and
other social bodies, etc., for execution of development
works/schemes. It is very tedious and difficult job to
disburse the development funds rationally across all
geographical and social segments so as to have an
equitable growth of all. In addition to fair distribution
of funds, it is also extremely important to monitor
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the progress of sanctioned schemes on regular basis
so that the ongoing works can be completed within
specified time frame, without cost escalation and as
per scheme guidelines. To meet these requirements,
software named schemes monitoring information system
was developed by National Informatics Centre (NIC),
Himachal Pradesh state unit in the year 2005. This
application was based on client-server technology
and developed using Visual Basic and Microsoft
SQL server. The application had codes for many
entities which needed to be standardised like Scheme
Heads, Sub Heads, Districts, Blocks, Urban Bodies,
Panchayats, Urban Wards, Sub divisions, Tehsils,
constituencies (Assembly as well as Parliamentary),
executing agencies, work types etc. The data was
usually kept in the servers available at NIC district
units and the executable version of the software was
installed on all the PCs of district planning officer
(DPO) and the dealing assistants at the planning cells
of the DC offices.

2.

Limitations of Client-Server
Applications
The client-server software is difficult to manage. Many
times the software needs changes after implementation
for removing bugs or improving the software. Every
time the software changes, it is required to change
the executable files on every client wherever the
software is installed. This is huge task. The user has
to ensure that every client has the latest executable
file as the older version can throw errors or may
perform erroneously.
It is also required to have a dedicated IT professional
to maintain the network, servers, implement any
changes in the structure of the database/tables/stored
procedures, etc., at each site.
Apart from above limitations which are common
to any client-server software, SMIS had few more
issues/limitations which are:
•
Since the software was implemented at different DC
offices in the state with limited data for that particular
district only, the compilation of the data at state level
was a difficult task. The master codes as described
in the introduction were added/updated locally at
each location to suit their demands. For example, the
executing agencies are different for different districts,
so a code representing ‘X’ executing agency in one
district could represent ‘Y’ executing agency in another
district. Due to this problem, state level data compilation
became very complex job. It necessitated to ensure the
addition of the codes at the state headquarter only. This
also led to another problem of code mismatching as
whenever a code was added at the state level, it was
many times skipped by the district(s) who did not need
that code.

•

The physical and financial progress was entered by
the dealing assistants in the DC office as per the status
provided by the executing agencies, which usually
does not give the real time status of the scheme (s).
The executing agencies did not have any access to data
or software so they were sending monthly or as-andwhen-required status reports to update data which does
not show the real time position.
Keeping in view all above limitations, it was
decided to have a web application for the SMIS.

3.

Advantages of Web Applications
The web applications are also a type of clientserver applications as they have web server at the
back end and all the devices accessing the application
act as clients. But apart from this similitude, web
applications have many other key advantages over
the client-server applications like:
•
Web applications do not require any complex ‘roll out’
procedure to deploy in large organizations. Network
connectivity and a compatible web browser is all that
is needed.
•
Browser applications typically require little or no disk
space on the client.
•
They require no update procedure since all the
modifications are implemented on the server and
automatically delivered to the users.
•
Web applications integrate easily into other serverside web procedures, such as email, SMS services and
searching, etc.
•
They also provide cross-platform compatibility in most
cases (i.e., Windows, Mac, Linux, etc.) because they
operate within a web browser window.
•
With the advent of HTML5 (hyper-text markup
language, version 5), programmers can create richly
interactive environments natively within browsers.
Key features include native audio, video, animations
as well as improved error handling.
•
Modern web applications support greater interactivity
and greatly improved usability through technologies
such as AJAX that efficiently exchange data between
the browser and the server.
•
Web applications are accessible over new user devices
(e.g. smartphones, tablets, palmtops, etc.).
In the web version of the SMIS application, we
could also achieve added advantage of standardisation
of codes and access to the state wide data.
4.

Approach Taken
Once decided to have a web application in place
of the client-server application, the first issue was to
decide about the platform for the new application. There
were plenty of choices available like Java, PHP, ASP.
Net, etc. The data in the client-server application was
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being stored using MS SQL so it was decided that we
should use. Net technology which is also Microsoft
product. Another advantage of using .Net technology
was being language-independence, it allows to choose
from a bunch of over 25. Net languages including
VB.Net, C#, JScript .Net, etc. that best applies to the
application. ASP.Net is also a better option for object
oriented programming and hence favoured our choice.
The client-server version of SMIS was developed
using VB6, hence it was also easier to switch over to
ASP.Net technology. Once the platform was decided,
the next task was to do database changes to suit for
web application.

5.	Changes in Database Design and
usage
Changes in database design and usage are must for
upgrading from client-server application to web application.
The following steps underline its importance:
(a) In the client-server application, the database is
usually designed and created as per the particular
site requirements and many times it is omitted to
add parameters to uniquely identify the offices/
departments/users of the application with other
locations. For example, as mentioned in Table 1,
the Executing Agencies were stored in ‘Common
Codes’ table with data type as Char(3), means
only 999 Executing Agencies can be stored in it.
Also there was no distinction which agency will
be used in which district - thus every district
would have got the whole list and it would have
been a tough job to select the agency belonging
to a particular district. To overcome this issue,
the Executing Agency in that table was left to
represent only the Common Name of the Executing
Agency, and another table to record the District
wise places of work for that agency was created as
mentioned in Table 2 and Table 3. For example, all
districts have BDO (Block Development Officer)
as Executing Agency, but its location is different
in every district and a district would have more
than one BDO in its jurisdiction. So we had the
code for BDO in the original table and another
table was used to represent the location. Same
information is available with the combination of
two tables after changes in database design.
(b) While designing client-server application, usually
database queries are embedded in the code. For
example any select or update query can be written
as it is and since the application is compiled no
one can actually get to know the structure of the
query. But in the web application, such queries
can make the application vulnerable to hacking
attacks. Therefore, instead of writing queries in
the application code, all the queries are written
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Table 1. Executing agencies detail as was in the old system
Code Type

Code

Description

Executing agency

013

BDO Solan

Executing agency

014

BDO Dharampur

Executing agency

015

BDO  Nalagarh

Executing agency

016

BDO Kunihar

Table 2. Executing agencies detail as used in the new system
Code

Code Type

Description

Executing agency

001

BDO

Executing agency

002

X.EN. HP PWD

Executing agency

001

X.EN. IPH

Table 3.	Final mapping of executing agencies as used in the
new system

(c)

(d)

(e)

(f)

District

Executing agency common
code

Place name

10

001

Dharampur

10

001

Kunihar

10

001

Nalagarh

10

001

Kandaghat

10

001

Solan

in the database end as stored procedures which
limits the direct access to tables and provide
an ‘interface’ to the underlying data structure
hence implementation and even the data itself is
shielded. Securing the data and code that accesses
the database is easier than applying the security
within the application code itself. Therefore, stored
procedures were written to perform all the data
access and manipulation tasks.
Data optimisation was another key requirement.
Since the complete data of the state related to
schemes sanctioning irrespective of the location
was to be hosted on a single data server to be
accessed over the net, hence due care was provided
to keep the data optimised.
As the data is being kept on the data server
installed at the state data centre, hence all the
issues related to hacking, data security, backups
etc. are being managed by the professional team
managing the data centre.
Earlier in the client-server version, the data was
hosted and managed at the district level; therefore
it was desirable but very complicated job to port
the old data of all the locations to the central
server. For this, a generic utility was designed
to map their codes with the new codes and port
their data to the centralised database in a standard
format.
Another key design enhancement was the addition
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of Executing Agencies role. Earlier, only District
Planning Cell was maintaining the whole application
but in the web version, Executing Agencies were
provided the access to enter physical and financial
progress of the schemes.

6.

Application Development
After database design and updation, the next step
was the actual development of the web application.
This was entirely a new task as there was no scope
of code and screens reusability in the development of
the web application. Also to maintain the consistency
and feel of the earlier version, there were constraints
to maintain the major entry screen design the same as
it was in the client-server application. After all this
ground work, the next step was to start the development
in ASP.Net. Microsoft Visual Studio 2005 was used for
creation of website. Visual Basic.Net was used as the
coding language. It was given preference over C# due
to the developer’s familiarity with the Visual Basic.
The deployment in the ASP.net website is also very
easy as ASP.NET 2.0 provides a very simple model
for file organization, code registration, etc.
7.	The Outcome
The motive behind taking up this project for
computerization was not just digitization of the processes
involved in sanctioning of the development schemes.
Rather, it was an opportunity for introspection, use of
the experience gained over the years and implementation
of the best practices. Many new reports and queries
were added in the web application.
Once through with the teething problems while
bringing all the stake holders to a common platform,
the SMIS system proved a great help in sanctioning and
monitoring of the schemes by the district administration
in one hand and in proper execution and reporting
by the executing agencies on the other hand. Table 4
shows the glimpse of one of the monitoring reports
displaying schemes pendency. Figure 1 can further be
drilled down to the gram panchayat level.
As a common database is being used by all the
stake holders, hence no reentry of data at any level
is required. The redundancy and duplication of the

Figure 1. Periodic pendency.
Table 5. Schemes status in Himachal Pradesh
Schemes type

Schemes (numbers)

Not started

1956

In progress

54872

Completed

86091

Cancelled

4653

Total

147572

processes has been totally eliminated which also resulted
in higher efficiency and transparency. It is also a step
towards greener world as reports are online available
to all the stakeholders and generally transmitted
electronically due to which paper consumption is
minimised.
As the reporting is based on the real-time data
and centralised database is accessed by all the users,
no fudging in status reports is possible and up-to-date
status is provided to all thereby making the system
completely transparent and everybody involved is
made fully accountable.
Since the emphasis is made on the timely completion
of the works through excellent online monitoring, there
happened a quantitative reduction in the requirement
of additional funds due to cost escalation.

8.	Results and discussion
The SMIS system testifies the intentions behind
this project. The introduction of the web enabled
application, the real-time reporting has been proved
as an eye-opener to pin point the gaps and loop holes

Table 4. Monitoring report
Summary Report Schemes Pendency from 01/11/2014 to 30/11/2014
Report of Pending Works for : BDO
Executing agency

Less than 1 year

Between 1 to 2 years

Over 2 years Total pending

UC/CC received during the period

Balh

276

71

228

575

0

Chountara

95

25

35

155

4

Dharampur

171

107

114

392

1

Total

1522

650

1365

3537

16
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Table 6. Schemes cancelled - year wise
Schemes cancelled - year wise
Sanctioning year

Schemes cancelled (numbers)

1997

5

1998

2

1999

7

2000

4

2001

3

2002

22

2003

16

2004

30

2005

58

2006

86

2007

94

2008

124

2009

304

2010

80

2011

45

2012

48

Total

928

in the traditional system of sanctioning of schemes.
Immediately after the scheme is sanctioned, the
key concern of the sanctioning/monitoring agencies
is to complete the execution work at the earliest so
that no additional funds are required and the scheme
is made usable. This application provided a robust
system of monitoring right from state level down
to the gram panchayat level to check as how many
schemes are pending within a year, pending between
1 to 2 years and pending beyond 2 years.
The second major concern is to check as how
many schemes are not started. It is always required to
check if a schemes is not started due to any dispute
etc., then same may be cancelled and that amount be
sanctioned to some other scheme.
This system also helped to trace some schemes
as old as ten years or more which were not started
and the money was lying unspent with the executing
agencies unnoticed. This led to the cancellation of
such schemes and the money could be sanctioned to
other schemes.
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It also helped in achieving another goal of equitable
growth to all as lot of gram panchayats were found
where either a sizeable number of schemes were
sanctioned or very few schemes were sanctioned. The
state authorities were also helped in planning and
sanctioning of funds across all the districts.
The new system has another enhancement as
integrated module for entry and settlement of the
comptroller and auditor general of India (CAG), public
accounts committee (PAC), and general audit para
(s). Initially the audit para (s) detail as raised by the
auditors is entered in the system which is subsequently
updated as and when some action for the settlement
of the audit para (s) till the final removal of the para
(s). Intermediary directions by the auditors are also
recorded in the system. This module has helped in
settlement of good number of audit para (s) which
were lying unsettled for the years.
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lkjka”k
laLÑr Hkkjr dh izkP; Hkk’kk ds :Ik esa dbZ gtkj o’kkssZa ls ekStwn gSA ;g vf/kdka”k Hkkjrh; Hkk’kkvksa dk vk/kkj
gSA izkÑfrd Hkk’kk dk lakf[;dh; izalLdj.k :Ik ij vk/kkfjr gS ¼,dopu :i½A fyf[kr vkSj cksys x;s “kCnksa dk
xzaFk laxzg Hkk’kk dks’k ds :i eas tkuk tkrk gS] ftls Hkk’kkbZ “kks/k ds mn~ns”; ls bySDVªkWfud ehfM;k esa ,d laxfBr
rjhd ls laxzfgr fd;k tkrk gSA bls Hkk’kk tk¡pdrkZvksa }kjk ;kstukc) rjhds ls ^ijke”kZ* gksus ds fy, ,d lalk/ku
ds :i esa izLrqr fd;k tkrk gSA izLrqr ys[k laLÑr eas “kCn vkSj :Ik Lrjkas ij Lopfyr rjhds ls okD;ka”k lewg
ds fy, ,d n`f’Vdks.k crkrk gSA ;g nksuksa Lrj ij bLrseky fd;s x;s vyx okD;ka”k lewg nsrk gSA
Abstract
Sanskrit since many thousands of years has been the oriental language of India. It is the base for
most of the Indian languages. Statistical processing of natural language is based on corpora (singular
corpus). Collection of texts of the written and spoken words is known as language corpus, which is
collected in an organized way, in electronic media for the purpose of linguistic research. It presents as
a resource to be systematically ‘consulted’ by language investigators. This paper explains an approach
for tagging the corpora automatically at word and morphemic levels for Sanskrit. It also gives different
tag sets used at both the levels.
Keywords: Part-of-speech, tagging, noun, verb, parsing, lexical analysis

1.

INTRODUCTION
Understanding of actual sense of word is very
tricky. Most of the words having more than one
meanings like in English language word ‘book’ plays
two different role in the sentences i.e., Book that
flight and this is a book. two major approaches to
deal with the problem of sense disambiguation of
words. The knowledge-based approach uses explicit
sets of lexicon , while the corpus-based approach uses
information obtained from corpus. As we prefer to
work with the corpus based approach, we try to extract
information from the analysis of corpus. Information
which we get will be processed to understand actual
contextual sense.
Besides linguists and lexicographers potentiality
of large corpora (in English and other European
Languages) has been identified by speech and information
technologists. Again corpora are analyzed, and the
linguistic information is enclosed at various levels (tagged
corpora). Automatically retrieve selective information

for the convenience of researchers to. The various
sectors where corpora are found to be functional are
linguistics, lexicography, natural language processing,
language teaching and speech processing.

2.

LITeRaTURE REVIEW
‘Development of Corpora of text of Indian Languages’
started in1991 by Department of Electronics (DOE),
Govt. of India for the first time the texts of Indian
languages are made available in machine readable
form through the project. Six various sectors at which,
corpora development project for the 15 scheduled
languages has been chosen. For formation of corpus,
later languages newly added to the 8th schedule have
also been added. Elaborately by Annamalai (1994)
have been discussed objective, size of the corpora,
coordination between centers, etc.. The Central Institute
of Indian Languages, Mysore has taken up the corpora
development work for Sanskrit, Kannada, Malayalam,
Tamil and Telugu Languages. This paper explains an
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approach for tagging the corpora automatically at word
levels and morphemic levels for Sanskrit. It also gives
different tag sets used at both the levels.
Various studies have been done for Part-of-speech
(POS) tagging, Dinesh Kumar and Gurpreet Singh Josan
suggests prime factor in evaluating any POS tagger 1.
Dipanjan Das,Slav Petrov introduced unsupervised
part-of-speech taggers for languages that have no
labeled training data, but have translated text in a
resource-rich language 2. Doug Cutting , Julian Kupiec,
Jan Pedersen, and Penelope Sibun introduced part-ofspeech tagger is a system that uses context to assign
parts of speech to words 3. B. Megyesi introduced
In Hungarian language; it is shown that the present
system does not obtain as high accuracy for Hungarian
as it does for English 4. Mitchell P. Marcus, Beatrice
Santorini and Mary A. Marcinkiewicz proposed first
design POS tagset and presenting the tagset itself,
after that two-stage tagging process, in which text is
first assigned POS tags automatically and then corrected
by human annotators 5.Cem Bozsahin described lexicon
to formulate semantically transparent specifications 6.
Namrata Tapaswi and Dr Suresh Jain introduced how
to morph the Sanskrit sentances 7. Evangelos Dermatas,
and George Kokkinakis described stochastic tagger
that is able to predict POS of unknown words 8. Doug
Cutting, and Julian Kupiec described implementation
strategies and optimizations which result in high speed
operation 3. Mitchell P. Marcus, Beatrice Santorini and
Mary A. Marcinkiewicz described how to construct one
such large annotated corpus-the Penn Treebank 10.
We qualitatively analyze our results by examining
the categorization of several high impact papers. With
consultation from prominent researchers and textbook
writers in the field, we propose simple corpus tagging
for Sanskrit language. It uses rule based approach to
tag each word of the sentence.

practice of adding linguistic information to an
existing corpus of spoken or written language by
some kind of coding attached to, or interspersed
with. Annotations can be made at different levels,
namely, orthographic, phonetic/phonemic, prosodic,
grammatical, syntactic, semantic and pragmatic/
discourse level.
Basic advantages of annotated corpora are that
the structural information at various levels could
be retrieved based on linguistic tags, which are the
frequent requirements of linguists, lexicographers and
NLP researchers.

3. 	CORPUS MANAGEMENT
Corpus contains a number of various information
rather then texts which, in turn, makes the information
retrieval a relatively trivial task.
Mainly information is categorized in two types:
1. Representative information (actual form of the
text) and
2. Interpretative information (adding linguistic
information to the text).

5.2 Statistics based Tagging
Stochastic taggers used hidden Markov Model
or HMM tagger. The per pose behind all stochastic
tagger as a simple generalization of the ‘pick the
most likely tag for this word’ approach. Stochastic
taggers generally resolve the ambiguity by computing
the probability of a given word (or the tag). The
probability is calculated using a training corpus. The
training corpus is a tagged corpus, which is assumed
100% correct. The probabilities are calculated using
unigram, bigram, trigram, and n-gram methods.
The former method is explained in the following
sections.

4.	CORPUS ANNOTATION
Individual sentences, words, morphemes, etc, Corpus
can be made to provide more valuable information
about these. It could be gained by including linguistic
information (interpretative information) to the text.
The electronic representation of language material
itself is called corpus annotation including the
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5. GRAMMATICAL TAGGING
In English and other European languages grammatical
tagging is the popular and common type of annotation
successfully implemented in a number of corpora. It
is the procedure, to indicate its grammatical category,
which adds a tag at the end of a word.
It can be achieved in two ways:
1. 	Manual tagging and
2. Automatic tagging (with manual post-editing).
The former is labour intensive, slow and legally
responsible for error and inconsistency. There are
various approaches in the latter, but can be broadly
categorized into two methods:
5.1 Rule based Tagging
These taggers are based on a defined set of hand
written rules. Most of the existing rule based POS
taggers are based on two-stage architecture. The first
stage assigns a list of probable tags (or the basic tag)
for a particular word. The second stage, uses large
list of hand written disambiguation rules, to reduce
the list (or change a wrong tag) to a single right
tag. Here all the rules are pre-defined. They may be
language dependent or independent.

6. TAG- SETS
A tag set is the set of POS categories, in which,
any word in a language can fall in to any one of
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those categories. And it gives the representation for
each of the POS tag. There are various tag sets used
for tagging an English corpus. The tag set for suffix
stripper contains 12 major categories.
They are:
1. 	N - Noun
2. 	V - Verb
3. ADJ - Adjective
4. A - Adverb
5. Q - Quantifier
6. C - Conjunction
7. P - postposition
8. PRO - Pronoun
9. QUES - Question word
10. VBN – Verbal Noun
11. SYM - Symbol
12. NUM – Number
As the corpora envisage multiple uses, it was
decided to limit the tagging only to the major twelve
parts of speeches. Currently Sanskrit corpus has been
tagged with more number of tag sets at word level and
an elaborated labeling at morpheme level are carried
out in order to meet the requirements different user
group. There are 34 tags at word level and 132 tags
at morpheme level.

7. 	PROBLEMS PERTAINING TO TAGGING
OF SANSKRIT CORPUS
(1) Identification of words: Normally a sequence
of characters between two successive spaces is
considered as a word. It is even convenient to
the computers to identify a unit as a word. But in
real sense, the unit need not always be a simple
word, i.e., it may be a compound or conjoined
word, where the base form does not find a place
in the dictionary.
(2) Internal Sandhi: The morphophonemic changes
that take place when a suffix is added to a stem
depend on the final phoneme of the stem and the
initial phoneme of the suffix and which are too
many in the agglutinative languages.
(3) External Sandhi: The operation of external, the
morphophonemic change that takes place when
two words are conjoined is not consistent in some
languages like Sanskrit
(4) Inconsistency in spacing between words: In Sanskrit
two or more independent words are written jointly
as a single unit. Sometimes inconsistency persists
in spacing between main and auxiliary verb, noun
and particle, etc.
8. 	TAGGING SCHEME
The approach for grammatical tagging adopted is
mainly based on the morphological analysis of these
languages. To segment a word (if it has more than

one morph) to its stem and suffix (es), the word can
be approached either from the beginning (left to right)
or from the end (right to left). The scheme, which we
follow, approaches the word from the end in order to
detach the suffix (es) one by one from the stem, as
suffixes are finite in any natural language. The system
first identifies the valid morph in the word one by
one and labels them at morpheme level then the entire
word is tagged for its grammatical category at word
level. This system has three major components:
(1) Stem- MRD (Machine Readable Dictionary)
(2) Suffix – MRDs and
(3) A set of morphophonemic rules.

8.1 Stem – MRD
The stem is the ‘main’ morpheme of the word,
suppling the main meaning .The major tasks involved
in the preparation of stem are the collection of words,
identification of their stem alternates and classification.
Stem consists of all the possible roots and stems in
the language.
For example, if a word has four stem alternates;
the entire four stem will be included in the dictionary
as independent entries. They are classified into various
types on the basis of the first suffix they take. The
basic structure of the stem-MRD is as follows:
Stem / Category / Type / Status
8.2 Suffix – MRDs
Suffixes follow the stem. The basic principles
underlying in the design of different MRDs for suffixes
are the position of a suffix in a word and its companion.
In our system the searching begins from the end of a
word. The system identifies and detaches the suffix
(es) one by one till it finds a stem. It is performed
using a number of suffix- MRDs rather than one. The
basic structure of the suffix – MRD is as follows:
Suffix / Type / Morpheme-tag / Word-tag
The suffix – MRD also consists of four fields.
The actual suffix occupies the first field. The number
in the second field indicates the type of suffixes,
which could occupy the immediate left position of
the present suffix. It actually helps to select the
proper MRD for searching. The third field gives the
grammatical information of the suffix which would
be used to tag at the morphemic level. The last field
indicates word-tag information, if this suffix is the
determining element. The last two fields may contain
more than one entry, when the suffix has different
grammatical functions in different contexts. As the
order of suffixation is unique for any word form, it
would be easy to condition the occurrence of a given
suffix. So the type number that explains this condition
plays a crucial role in the analysis. S1, S2, etc. given
in the type-field indicate that the possible previous
137
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element would only be a stem and that stem belongs
to a particular group. The information on the stem
group is made available in Sfile. The S-file for the
above example is as follows:

8.3 S-file
S1 > 1,2
S2 > 2
If the suffix indicates the type as S1, then the
possible stems are of type 1 and 2(type given in the
stem – MRD) only.
8.4 Morphophonemic Rules
The third component of the system is a set of
morphophonemic rules, which operate externally. It
is necessary for reverting the sandhi operation in
order to obtain the stem and suffixes of the word
encountered, as given in the MRDs.
9.

ALGORITHM
The suffix stripper uses a list of suffixes, pronouns,
adjectives and adverbs. The input format is one sentence
per line in which each word is separated by a white
space. On the input text, it performs the following
steps:
Algorithm 1: (part of speech tagger)
POST
Step1: Begin
Step2: [initialization] Split the sentence in to
words called lexeme.
Step3: [reading for each word]
3.1. Find the longest suffix at the End.
3.2. Find the table number of the suffix and
eliminate the suffix from the word.
3.3. Go to 3.1 until the word length is 2.
Step 4:[Applying rules] Using the combination
of suffixes and the rules, apply the lexical rules and
assign the category.
Step 5: [Checking] For each sentence
5.1. Apply the context sensitive rules on the
unknown words.
5.2. Apply the context sensitive rules on the
wrongly tagged words.
5.3. If no context rule applies for any unknown
words, tag it as noun.
Step 6: END.
Suffix stripper is depicted in Fig. 1.
10. OPERATION OF THE SYSTEM
The system reads a word from the corpus and tries
to identify with those entries marked ID as status in
the stem – MRD. If it possible, it finds the category
in the second field and tags the word suitably. If it
does not happen, it tries to categorize the last suffix
and to match with suffixes, listed in L1 – MRD. If
it finds a match, based on the value in the type–field
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Split into words
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Figure 1. DFD for Suffix stripper.

it proceeds to the respective suffix–MRD or the
stem– MRD. This process is continued till a stem is
reached. At every suitable point the grammatical value
and the word–tag information (if any) is stored along
with the morpheme and the position. When the word
encountered is totally analyzed, the stored information
as needed will be written into the output file. If the
system does not find a match in the last element itself,
it tries to use the morphophonemic rules to revert the
sandhi operation. If there is any possibility, the system
repeats the procedure from the starting. In case of
uncertainty, the word will be left untagged and the
next word will be taken for analysis. Similarly, and
disagreement in the matching at any stage beyond L1
leaves the word untagged. As all the alternant forms
of stems and suffixes are included in the MRDs, the
problem of the internal sandhi is easily solved. In
this model, when the system encounters more than
one grammatical
category for a suffix, it first attempts to analyses
the whole word for the first category and then restarts
the analysis for the second category, and so on. So
the system is capable of analysing the homophonous
forms for all their possible structures. This model also
resolves the problems of compound and conjoined
words which are found with or without space to a
maximum extent. Most commonly used compound
forms are included in the stem – MRD. The other
compound and conjoined words are tackled using
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repeated procedure i.e., every time after finding a
stem, the system looks for any remainder. If there is,
it repeats the analysis from the very beginning, as if
the remainder is a new word.
The untagged words and the words with more
than one tag can be manually tagged.

11.	EXPERIMENTAL RESULT
One set of 100 words have been taken and manually
evaluated, which gives following results. Few of them
are illustrated below in Tables 1 and 2.
1.

tuuh jkepUnz k ; “ks t ua ;PNfrA
v”o% eq [ ks u Äkla poZ f r A

2-

The system gives 90% correct tags for each
word.
			No. of correctly tagged words
Precision =
No. of total words
Table 1. POST output for

tuuh jkepUnzk; “kstua ;PNfrA

SNo.

Word

Root

Group

Relation

1

tuuh

tuuh

noun

1 relation 2
2 subject 3

2

jkepUnzk;

jkepUnz

noun

3

“kstua

“kstu

noun

3 object 4

4

;PNfr

;PN

verb

4 verb 4

The sentences were taken randomly from the database
Table 2. POST output for
Sno.
1
2
3
4

Word

v”o%
eq[ksu ~
Äkla
poZfr

v”o% eq[ksu Äkla poZfrA

Root

Group

Relation

v”o%
eq[k
Äkl
poZ

noun

1 relation 3

adverb

2 adverb 3

noun

3 object 4

verb

4 verb 4

and evaluated. The evaluation table is given below in
Table 3.
Table 3. Evaluation Table
No. of Tested
Words

Totally Tagged Correctly Tagged
words
Words

Precision

100

100

90

90%

100

100

91

91%

The evaluation was done in two stages. Firstly by
applying the lexical rules and secondly, after applying
the context sensitive rules.
12. 	CONCLUSION
The concept analyzed in this paper is basically evolved
to handle the languages, which are morphologically
rich Languages like Sanskrit,. The concept is language
independent. After deducting some procedures this model

can be used for spell- checker as well as considering
the speed, consistency, accuracy indicated by Leech
(1993:279), for a tagging scheme, this system may be
slow. But according to speed point of view, it need not
be considered on particular with the other two criteria
as tagging as corpus is a one on time job. More then
that speed of application can be considerably in this
concept, by building a single suffix–MRD depend on
the situation only, in this case the corpora should be
free from spelling and grammatical errors.

fu’d’kZ
izLrqr ys[k esa fo”ys’k.k dh gqbZ vo/kkj.kk dks ewy:i ls Hkk’kkvksa dks
lapkfyr djus ds fy, fodflr fd;k x;k gS tks laLÑr dh rjg
:ifoKkukRed laiUu Hkk’kk,¡ gSaA ;g Hkk’kk fu’i{k vo/kkj.kk gSA yhp ¼1993%279½
ds vuqlkj dqN fof/k;ksa esa deh djds bl izfreku dks orZuh ;k mPpkj.k
tk¡p] xfr] fLFkjrk] lVhdrk ij fopkj djrs g, bLrseky fd;k tk ldrk gS]
okD;ka”k mik; ds fy, ;g iz.kkyh /kheh gks ldrh gSA ysfdu xfr ds fopkj ls
bl ij vU; nks ekunaMksa] okD;ka”k fo”ks’k ;k jkf”k fo”ks’k ds ,d le; ij ,d
ds :i esa fopkj djus dh t:jr ugha gSA dsoy ifjfLFkfr ij fuHkZj ,d ,dy
izR;;&,evkjMh ds fuekZ.k ls bu bl vo/kkj.kk eas vuqiz;ksx dh xfr dkQh
vf/kd gks ldrh gS] bl ekeys esa lewg dks O;kdj.k vkSj orZuh dh =qfV;ksa ls
eqDr fd;k tkuk pkfg,A
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cM+k MsVk fo”ys’k.k % Hkfo’; dh lwpuk izkS|ksfxdh ds fy, pqukSrh

Big Data Analysis: Challenge for Future Information Technology
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lkjka”k
ubZ tkudkjh vkSj nwjlapkj çkS|ksfxdh dh ?kkrkad c<+ksrjh dh otg ls mRiUu cM+s MsVk dk fo”ys’k.k lcls
cM+h pqukSrh gSA fcx MsVk lwpuk çkS|ksfxdh ds mRiUu vo/kkj.k gSa ftlesa vFkZiw.kZ vkSj var–Zf”V tkudkjh fudkyus
ds fy, çksxzkfeax vkSj MsVk fo”ys’k.k esa vR;f/kd dq”ky vkSj is”ksojksa dh vko”;drk gSaA ;g “kks/ki= oSf”od vkbZVh
m|ksxksa dh vo/kkj.kkvksa] mi;ksx] fo”ks’krk] ykHk] l‚¶Vos;j@IysVQkeksaZ miyC/krk vkSj cM+s MsVk fo”ys’k.k esa Hkfo’;
dh pqukSfr;ksa dks fn[kkrk gSaA cM+k MkVk dsoy cMk gks jgk gSa D;ksafd laLFkk miyC/k MkVk ls lwpuk çkfIr gsrq
T;knk vkSj csgrj jkLrs fudky jgh gSa tks fd egRoiw.kZ QSlys ysus esa o ç’uksa ds mÙkj nsus esa dke vk jgk gSaA
mÙkj tks igys miyC/krk ls ckgj Fks vc muds dkj.k u;k vkSj u;s rjg dk MkVk rS;kj gks jgk gSA MsVk dk
nksgu djds lwpuk rS;kj djus ds fy, fofHkUu çdkj ds rjhds ekStwn gSa tks lHkh m|ksxksa ds fy, rsth ls vkSj
csgrjhu fu.kZ; ys ldrs gSaA
Abstract
Analysis of the big data, generated due to exponential growth of new information and telecommunication
technology is biggest challenge. Big data is a concept of the information technology which requires
professional with highly skilled in programming and data analysis to extract meaningful information and
insights. The paper covers the concepts, usage, characteristic, advantages, softwares /platforms available
in global IT industries and future challenges of big data analysis. Big data should only get bigger as
organizations look for more and better ways to tap into existing data and gather new and emerging types
of data to make critical decisions, answering questions that were previously considered beyond reach.
There are tremendous opportunities to harness data for information to help us make better and faster
decisions across all industries in a variety of functions.
Keywords: Relational database management system, big data analysis platform, information and
telecommunication technology

1.

Intoduction
With the growth of new information technology
and telecommunication sectors, a huge amount of big
datas are generated every second. Managing the big
data is becoming the most difficult task for government,
industrial, science, educational sectors. Analysis of
big data basically a process of collecting, organizing,
analyzing, preserving and dissemination of processed
data/information to discover newer patterns and helping
in future planning and decision making. Although big
data doesn’t refer to any specific quantity, the term is
often used when speaking about petabytes and exabytes
of data, much of which cannot be integrated easily 1.
Big data is a term used to describe the exponential
growth and availability of data, both structured and
unstructured. The biggest challenge is variety of
structured as well as unstructured data, with about 75
per cent of data being unstructured, which is more

difficult to handle, coming in from a variety of data
sources, such as text, sensor data, audio, video, click
streams, log files and more 2. Big data is a concept of
the information technology which requires professional
with highly skilled in programming and data analysis
to extract meaningful information and insights. The
volume of data is increasing exponentially, data generated
at rest as well as data in motion, which is real-time
data. The challenges for big data analysis for future
information technology include capture, curation, search,
sharing, storage, analysis, transfer, visualization, and
privacy violations 3.
Big Data has become the backbone of all sectors
today. It can be used in healthcare to handle a variety
and volume of data linking hospital information system
with clinical trials for personalised medicine. This
is evident from the fact that we could get over 20
per cent decrease in patient mortality by analysing
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streaming patient data in healthcare or over 90 per cent
decrease in processing time by analysing networking
and call data in telecommunications 2. More accurate
analyses of Big Data may lead to more confident
decision making. And better decisions leads to greater
operational efficiencies, cost reductions and reduced
risk 4.
Data Measurement Units
Unit

Size

Bit

Single Binary Digit (1 or 0)

Byte

8 bits

Kilobyte (KB)

1,024 Bytes

Megabyte (MB)

1,024 Kilobytes

Gigabyte (GB)

1,024 Megabytes

Terabyte (TB)

1,024 Gigabytes

Petabyte (PB)

1,024 Terabyte

Exabyte (EB)

1024 Petabytes

Zettabyte (ZB)

1024 Exabytes

Yottabyte (YB)

1024 Zettabytes

Brontobyte (BB)

1024 Yottabytes

Geopbyte (GeB)

1024 Brontobytes

2.	Definition
Big data is defined as “Big data is a large volume
unstructured data which cannot be handled by standard
database management systems like DBMS, RDBMS
or ORDBMS” 5.
The large complex sets of data are generated that
must be managed, analyzed and manipulated by skilled
professionals. The compilation of this large collection
of data is collectively known as “big data.” 6
Big data is high-volume, high-velocity and highvariety information assets that demand cost-effective,
innovative forms of information processing for enhanced
insight and decision making 7.
“Big data is the term increasingly used to describe
the process of applying serious computing power – the
latest in machine learning and artificial intelligence
– to seriously massive and often highly complex sets
of information.” 8
“Big Data refers to the massive amounts of data
that collect over time that are difficult to analyze and
handle using common database management tools. Big
Data includes business transactions, e-mail messages,
photos, surveillance videos and activity logs (see
machine-generated data). Scientific data from sensors
can reach mammoth proportions over time, and Big
Data also includes unstructured text posted on the
Web, such as blogs and social media.” 9
3.	Uses of Big Data
The present environment is changing rapidly with
increased connectivity and globalisation. With more
and more electronic channels available, large volumes
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of digital data are generated. Such huge volumes of
data cannot be analysed in real-time or near real-time
using conventional computing technology. After analysis,
Big Data can be use in diverse fields such as
•
Generating web application for users in social
media, research & development, telecommunication,
etc;
•
Healthcare applications including diagnosis of
diseases;
•
Revenues generation in e-commerce;
•
In science research for origin of life, etc.
The industries wherein the huge Big Data are
generated and used in future growth & taking right
decisions at right are 2
1)	Healthcare:
(a)	Genome mapping
(b) Drug discovery
(c) Patient care using real-time data
(d) Analysis of correlation between treatment and
outcome.
2) Retail functions:
(a) Target segment identification
(b) Loyalty management
(c) Customer experience
(d) Customer attrition management
(e) Brand perception.
3) Banking, finance and insurance:
(a) Real-time trading in global markets
(b) Adherence to compliance and country
regulations
(c) Real-time fraud detection
(d) Risk management
(e) Anti money laundering
(f) Financial inclusion
(g) Cross-selling and up-selling.
4)	Manufacturing:
(a) Demand forecasting and inventory management
of a large number of SKUs (Stock Keeping
Units)
(b) Supply chain management
(c) Collaborative planning and design.

4.

Advantages of Big Data
Big data are generated and acquired from many
sources. The real advantage of Big Data technologies
lies in collecting relevant data and analyse it timely
so as enable to 10:
•
Improve productivity across their organisations;
•
Improve understanding of customers, their needs,
and purchase patterns;
•
Increase business revenues and profitability.
•
Increase cost reductions,
•
Time reductions,
•
New product development and optimized offerings,
and
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•
•
•
•

Smarter decision making
Determine root causes of failures, issues and
defects in near-real time,
Recalculate entire risk portfolios in minutes.
improvements in overall operations by giving
organizations greater visibility into operational
issues

5.	Characteristics
Big data can be described by the following
characteristics 11
Volume: The quantity of data that is generated is
very important in this context. It is the size of the
data which determines the value and potential of the
data under consideration and whether it can actually
be considered as Big Data or not. The name ‘Big
Data’ itself contains a term which is related to size
and hence the characteristic.
Variety: The next aspect of Big Data is its variety. This
means that the category to which Big Data belongs to
is also a very essential fact that needs to be known
by the data analysts. This helps the people, who are
closely analyzing the data and are associated with it,
to effectively use the data to their advantage and thus
upholding the importance of the Big Data.
Velocity: The term ‘velocity’ in the context refers to
the speed of generation of data or how fast the data
is generated and processed to meet the demands and
the challenges which lie ahead in the path of growth
and development.
Veracity: The quality of the data being captured can
vary greatly. Accuracy of analysis depends on the
veracity of the source data.
Variability: This is a factor which can be a problem
for those who analyse the data. This refers to the
inconsistency which can be shown by the data at
times, thus hampering the process of being able to
handle and manage the data effectively.
Complexity: Data management can become a very
complex process, especially when large volumes of
data come from multiple sources. These data need
to be linked, connected and correlated in order to be
able to grasp the information that is supposed to be
conveyed by these data. This situation, is therefore,
termed as the ‘complexity’ of Big Data 12.
Software to Big Data Analytics:
Top Platforms
Big data are enormous in size which cannot be
handle by traditional databases. Available tools are
becoming inadequate to analysis large data sets. Big
data analytics is associated with cloud computing
because the analysis of large data sets in real-time
requires a platform like Hadoop to store large data sets,
combine and process data from multiple sources.

Figure 1. Expansion of big data.

Apache Hadoop, a nine-year-old open-source
data-processing platform, for writing and running
distributed applications that process large amount of
data. This software is designed to analyse massively
parallel processing on relatively low-cost servers that
pack plenty of storage close to the processing power.
Hadoop is main platform of computing infrastructure
many well known giant companies such as Yahoo,
LinkedIn, Twitter and Facebook, leads the big-data
revolution. Cloudera software (2008) came in support
for commercial applications for enterprises, and
MapReduce and Hortonworks came in existence in
2009 and 2011, respectively. Google was the first to
introduce MapReduce that is used to process large
data sets. Among data-management incumbents, IBM
and EMC-spinout Pivotal each has introduced its
own Hadoop distribution. Microsoft and Teradata
offer complementary software and first-line support
for Hortonworks’ platform. HP, SAP, etc are working
with multiple Hadoop software providers. 1010 data
and Amazon Web Services (AWS) have staked their
entire businesses on the cloud model 13.
Actian, InfiniDB/Calpont, HP Vertica, Infobright,
and Kognitio are some more big data commercial
processing software platforms working around relational
database management systems focused entirely on
analytics rather than transaction processing.

6.

Figure 2. IT Companies providing big data analysis
platform13.
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7.	Future Challenges
The rate at which this data arrives has dramatically
changed over time and hence velocity of data is
another IT challenge that has to cope up with. As
big data grows bigger, so too will its importance in
our everyday lives – business and personal. But with
great opportunity comes great challenges, and there is
a host of upcoming obstacles which we must tackle
as we seek to unlock the full potential of analytics.
Relatively speaking, big data and the analytics
that we use to try and understand it are still in their
infancy. As big data grows bigger, so too will its
importance in our everyday lives – business and
personal. But with great opportunity comes great
challenges, and there is a host of upcoming obstacles
which we must tackle as we seek to unlock the full
potential of analytics 14.
Therefore, big data should only get bigger as
organizations look for more and better ways to tap
into existing data and gather new and emerging types
of data to make critical decisions, answering questions
that were previously considered beyond reach. In
today’s world, we can harness data for information
to help us make better and faster decisions across
all industries in a variety of functions. With almost
every organisation now focusing on data and analytics,
there is a tremendous demand for skilled talent in
the industry 15.
Big Data is a big deal, and it is a big opportunity
for librarians and information professionals to play a
role in the Big Data universe. Why? Librarians have the
skills, the knowledge, and the service mentality to help
our businesses, governments, universities, and nonprofits
capitalize on all that Big Data has to offer. 16
8.	Conclusion
The collection of data is only one half of the
solution. One should have effective softwares for
measurement and better understanding how to make
the right decisions from the data collected and analyse
that data for our benefit.
Individuals are itself generating and transmitting
information. This is happening as they are using new
smart gadgets. It has also seen find that there is a
definite problem relating to big data management
and, even more importantly, the management of the
information generated by analysis of “big data”. At
the end of the day, big data provides an opportunity
for “big analysis” which is leading towards “big
opportunities” to gain a competitive edge in global
market, to enhance the quality of life, or to solve and
dig out the solutions for many complex problems of
the world. The rate of data acquisition is accelerating
quickly enough that perhaps we can eventually coin
a new term “Sea data.”
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fu"d"kZ
MsVk ds laxzg lek/kku dk dsoy ,d vk/kk fgLlk gSA
fdlh dks Hkh ekius vkSj csgrjhu le> ds fy, ,d çHkko’kkyh
lk¶Vos;j ysuk pkfg, tks ,df=r MkVk esa ls lgh fu.kZ; ys
lds vkSj gekjs Qk;ns MkVk fo”ys’k.k dj ldsA
çR;sd O;fä vius vki lwpuk iSnk dj jgk gS vkSj çsf’kr
dj jgk gSaA ;g u, LekVZ xStsV dk mi;ksx djus ds dkj.k
gks jgk gSA ;g ns[kk x;k gSa fd cMk MkVk çca/ku ,d fuf”pr
leL;k gSa vkSj vf/kd egRoiw.kZ ml lwpuk dk çca/ku tks fd
cMk MkVk ds fo”ys’k.k ls mRiUu gqbZ gSaA
fnu ds var esa] cM+k MsVk cMs fo”ys’k.k dk volj çnku
djrk gSa tks oSf”od cktkj esa çfrLi/kkZ esa c<+r gkfly djus
ds fy, cMk volj çnku dj thou dh xq.koÙkk dks c<+krk
gSa vkSj fo”o dh tfVy leL;kvksa ds lek/kku djrk gSaA MkVk
vf/kxzg.k dh nj dh rhozrk ds dkj.k gesa u;k “kCn “lkxj
MsVk” çkIr gks ldrk gSaA
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lkjka”k
Hkkjr esa fiNys dqN o’kks± esa vijk/k nj esa ,d lkekU; o`f) dks ns[kk x;k gSA iqfyl lalk/kuksa ds mfpr
mi;ksx ds fy,] fo”ks’k :i ls daI;wVj ds “kkfey fd, tkus okyh izkS|ksfxfd;ksa dh iqfyl dh j.kuhfr;ksa esa lq/kkj
dh xqatkb”k gSA ;s izkS|ksfxfd;kWa dkuwu ykxw djus okyh ,tsafl;ksa dks vk;ke nsrh gSa vkSj iqfyl ds u, mHkjrh
ftEesnkfj;ksa dks iwjk djus esa enn djrh gaSA ;g vkys[k vkj ¼lkaf[;dh; izksxzkÇex Hkk’kk½ dk mi;ksx dj vLFkk;h
vkSj LFkkfud vk;keksa ds fo”ys’k.k dks gkbykbV djrk gS vkSj ,d ekWMÇyx batu] ,d vijk/k fo”ys’k.k midj.k
tks chV Lrj ij iqfyl dh xfrfof/k;ksa esa mudh lgk;rk dj ldrk gS] dk fopkj Hkh nsrk gSA blds ckn izHkkoh
<ax ls vijk/k gkWV LikWV dks laHkkyus ds fy, x”r Vheksa dks lfØ; djrk gSA
Abstract
The past couple of years have observed a general increase in the crime rates in India. There is a
scope for improvement in the policing strategies, especially the inclusion of computer–aided technologies
for productive application of police resources. These technologies give the law enforcers much needed
edge and help fulfil the new emerging responsibilities of the police. The paper highlights temporal and
spatial analyses using R (statistical programming language) and also proposes a modelling engine as a
crime analysis tool that could assist police in its activities at the ‘beat level’ itself. Thereafter, enabling
patrolling teams to administer crime hot-spots effectively.
Keywords: Crime analysis, statistical programming language R, spatial analysis, crime hot–spots,
predictive policing, modelling engine using R

1.

Introduction
There has been an enormous increase in the crime
rates in India in the recent past. Crime deterrence
is a challenging job. One of the problems faced
by the police is how to enhance their investigatory
efficiency.
Predictive policing is a growing area of research.
Various statistical techniques are used to identify
criminal hot-spots in order to support preventive and
precautionary applications of police resources.
Given a crime report dataset, the goal of crime
analysis is to gather, process and harness the copious
real-time data. We have discussed various techniques
that would be applicable and the different dimensions
involved in such analysis within the central theme of
the powerful statistical programming language R.
Presently, there are several crime analysis tools
available in the market. The main aim of this paper
is to introduce the application of R in the police’s
statistics. R is an open source language and fairly

		

simple to use, it makes an ideal mean to deal with the
amount of data collected by police, simplify, process,
and interprets it.

2.	Problem definition
Crime analysis includes looking at the data from two
different dimensions – spatial and temporal. Temporal
dimension involves observing the characteristics of a
particular region over time. Spatial dimensions involves
observing the characteristics of a particular region
along with its neighbours. The enormous amount
of data collected by National Crime Record Bureau
(NCRB) can be put to use by analyzing it not only
through just temporal dimension but through spatial
dimension as well. And not just at a central level,
but at a police beat level. For sake of this analysis,
we have used real and publically available criminal
data of Chicago (Chicago, 2012). In the attempt to
address a real world problem, our primary focus is
on the fundamentals of data analysis.
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3.	The Dataset
The data are stored at crime incident level, that
is, for each crime incident that occurred in the past
12 months, we have the location, date, type, beat, and
ward. The location is available in the form of latitude
and longitude coordinates. Also, we have used shape
files for territorial identity of police beats.
4.	TEMPORAL ANALYSIS
We have visualized data by year, month and day
using simple plots. We used the date of incidence to
determine which day of the week and which month of
the year the crime occurred to find a possible pattern
in the way crimes are committed depending on the
day of a week and a month.
A plot between months and number of crimes
depicts the months in which police needs to be more
alert.

Similarly, we can demonstrate the same plots with
additional information by splitting out the different
crime types. For example, we can see how different
crimes vary by different times of the day.
To get the number of different crimes by time of
the day, we need to have four rows for each crime
type – one for each time interval of the day. We
rolled-up this data using the aggregate ( ) function and
to construct the plot we used the ggplot ( ) function
from the ggplot2 library (Wickham, 2009).

Figure 3. Heat map of different crimes by time of the day.

The heat map above illustrates that major number
of incidents of theft/robbery occur in the afternoon
while crimes related to drugs are more prevalent in
the evening.A similar analysis is shown by month
as well.
Figure 1. Distribution of crimes by month.

Also, the frequency of crimes need not be consistent
throughout the day. There could be certain time
intervals of the day where criminal activities are more
dominant as compared to other intervals.
We created four six –hour time window beginning
at 12 midnight. The intervals we then get were –
midnight to 6:00 AM, 6:00 AM to noon, noon to 6:00
PM, and 6:00 PM to midnight.
These plots show the distribution of all the crimes
against the intervals of time.
Looking at the plot above, we can say that crimes
are more common during the latter half of the day. We
could suggest higher patrol during the time interval
12:00PM – 18:00 and 18:00 – midnight.

Figure 2. Distribution of crime by time of the day.

Figure 4. Heat map of different crimes by month wise.

5.

SPATIAL ANALYSIS
Crime vary extensively with respect to geography.
Typically, within an area like a pin code or a beat or
a city, there are zones with higher criminal activities
as compared to others. These zones maybe called
as crime hot-spots and are often the focus area for
predictive policing. We have the location of each crime
incident in our data set that can be used to look for
these spatial patterns.
For this purpose, we will utilized the shape
files for Chicago Police Department’s beats by
processing them in R using the maptools library
(Bivand, 2014). We ploted the shape file to get the
city of Chicago cut up into beats. Then, we ploted the
crime incidences by mapping them to the coordinates
of the shape files.
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analyze the data collected by them, and predict the
offender’s next move. We are certain that efficient
implementation would definitely help authorities in
effective crime deterrence.

fu"d"kZ

Figure 5. Crime in Chicago on May 22, 2011.

We can also plot the coordinates of police stations
or CCTV cameras and see if there is any relation
between these incidences and the location of the
police station or the number of CCTV cameras and
number of arrests.
This plot, however, just shows the crime instances
for one particular day. A better way to understand the
crime pattern would be to observe these crimes for a
larger bracket of time, for example, a month or a year.
This can be done in R using the animation library
(Xie, 2012). We can create a series of plots for each
date, and hence, obtain a plot showing patterns for
the entire year in one file.
And, the analysis doesn’t end here. There are
plenty of R packages available that can be applied
in advanced analysis of the spatial data.

6.	Conclusion
Keeping in mind, the ultimate goal of predictive
policing, we could construct a modelling engine which
would be based on a reasonably sized area, for instance
a police beat, and for a predefined time interval, an
hour or a couple hours or a day.
The purpose behind the proposal to build a model
is to build a resource that would help each of the
police station at a ‘beat level’. Patrolling teams
can effectively administer the crime hot–spots. But,
zoning down to one beat as a crime hot-spot ignores
the impact of crimes in neighboring areas. That is,
there could be a connection between criminal events
in adjoining beats. Including crime history of the
adjoining beats in the model could be a simple way
to control this.
It is common that the law enforcers are generally
a step behind the offenders. But what if each of the
police stations in India are able to store, manage, and
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iqfyl ds Hkkoh lwpd ds vafre y{; ij /;ku nsuk gS] ge
,d ekWMÇyx batu dk fuekZ.k dj ldrk gS tks ,d mfpr
vkdkj {ks= ds vk/kkj ij fd;k tk,xk, mnkgj.k ds fy, ,d
iqfyl chV] vkSj ,d iwoZfu/kkZfjr le; varjky ds fy,] ,d
?kaVk ;k ,d nks ?kaVs ;k ,d fnuA
,d ekWMy cukus ds izLrko ds ihNs mÌs”; ,d lalk/ku dk
fuekZ.k djuk gS tks ‘chVLrj’ ij izR;sd iqfyl LVs”ku esa enn
djsxkA x”r Vhe izHkkoh <ax ls vijk/k gkWV&LikWV dk iz”kklu
dj ldrs gSaA ysfdu] ,d chV dks vijk/k gkWV&LikWV ysus ls
iM+kslh {ks=ksa esa vijk/kksa ds izHkko jksds tkrs gSA ;gh dkj.k gS
fd lehiLFk chV esa vkijkf/kd ?kVukvksa ds chp ,d dusD”ku
gks ldrk gSA ekWMy esa lehiLFk chV ds vijk/k bfrgkl dks
“kkfey djuk] bl ij fu;a=.k djus ds fy, ,d ljy rjhdk
gks ldrk gSA
;g lkekU; gS fd dkuwu ykxw djus okyh ,tsafl;k¡ vke
rkSj ij vijkf/k;ksa ls ,d dne ihNs gSA ysfdu ,slk gks fd
Hkkjr esa izR;sd iqfyl LVs”ku muds }kjk ,d= MsVk dks LVksj]
izca/ku vkSj fo”ys’k.k djus esa l{ke gks, vkSj vijk/kh dh vxyh
pky dh Hkfo”;ok.kh djsA ge fuf”Pkr gS fd dq”ky dk;kZUo;u
ls fuf”Pkr :i ls izHkkoh vijk/k fuokj.k esa vf/kdkfj;ksa dks
enn feysxhA
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lkjka”k
vkt çR;sd m|ksx dks Qyus&Qwyus ds fy, ,d lgk;rk ra= dh t:jr gksrh gS] bl ra= esa dsoy ekuo vkSj
e'khu gh ugha 'kkfey gksrs gSa cfYd os e‚My Hkh 'kkfey gksrs gSa tks mUgsa O;kikj ifj–';ksa dk iwokZuqeku yxkrs gq,
fu.kZ; ysus esa i;kZIr lgk;rk nsrs gSaA fu.kZ; lgk;rk ç.kkyh 1970 esa vfLrRo esa vkbZ vkSj blus O;kikj çfØ;k ij
vkSj m|ksx ds fopkj lewg ij cgqr xgjk çHkko MkykA dbZ rduhdh vkSj laxBukRed ekaxksa us Mh,l,l –f"Vdks.k
esa Økafrdkjh ifjorZu ykus esa çHkko MkykA igys vf/kdrj e‚My eq[;r;k lkaf[;dh; fo'ys"k.k] y{; çksxzkfeax vkSj
vks,y,ih vk/kkfjr lk/kuksa ij] tks vkadM+ksa dks vusd LFkkuksa ij fn[kus dks laHko cukrs Fks] /;ku dsfUær djrs FksA
bl i= esa] geus ,d ,sls e‚My ¼dsMh2,l2] Kku çsfjr fu.kZ; lgk;rk ç.kkyh½ dks ykxw fd;k tks vkadM+k [kuu]
fu.kZ; lgk;rk ds fy, lhchvkj –f"Vdks.k ds vuqla/kku {ks=ksa ds chp xBca/ku ij tksj nsrk gSA pwafd vkadM+k [kuu
iSVuksaZ vkSj laca/kksa dks [kkstdj fu.kZ; lgk;rk ds fy, laHkkoukvksa dks c<+krk gS] vkadM+k fo'ys"k.k vkSj lhchvkj ds
çfr ,d foospukRed n`f"Vdks.k dks l{ke cukuk] cqf)eÙkkiw.kZ ¼baVsfytsUV½ ç.kkfy;ksa dks cukus ds fy, ,d i)fr
ds :i esa blds vihy ds dkj.k ,d egRoiw.kZ vuqla/kku {ks= ds :i esa mHkjk gSA ;g i= gekjs iwoZ ds dk;Z1 dk
foLrkj gS ftlesa geus vkadM+k [kuu vkSj lhchvkj ij vk/kkfjr fu.kZ; lgk;rk ç.kkyh ds fy, ,d vo/kkj.kkRed
lajpuk dk çLrko fd;k FkkA ;gka ge ç;ksäk ds ç'u dk lhchvkj ds fo|eku ekeyksa ls feyku djus ds fy,
,d u;k ,y‚xfjn~e n'kkZrs gq, fo'ks"k :i ls e‚My ds lhchvkj ?kVd ij tksj ns jgs gSaA
Abstract
Today to flourish, every industry needs a support mechanism, this mechanism not only includes men
and machine but also those models which provide them enough support to take a decision anticipating
business scenarios. Decision support system came into existence in 1970s and made a huge impact on
the business processes and on the think tank of the industry. Many technical and organizational demands
have made an impact on the revolutionizing of DSS approach. Earlier majority of models focused mainly
on statistical analysis, goal programming and OLAP-based tools enabling multiple view on data. In this
paper we introduced a model (KD2S2, Knowledge Driven-decision Support System) which emphasizes
on the coalition between the research areas of data mining, CBR approach for decision support (DSSs).
As data mining extends the possibilities for decision support by discovering patterns and relationships,
enabling an inductive approach to data analysis and CBR has emerged as a major research area due to
its appeal as a methodology for building intelligent systems. This paper is the extension of our previous
work1 where we proposed a conceptual framework for Decision support system based on Data Mining
and CBR. Here we emphasize particularly on the CBR component of the model, illustrating a new
algorithm for matching user query with the existing cases in the CBR.
Keywords : Data mining, decision support system, case based reasoning, intelligent system

1.

Introduction
In recent years data mining has become a very
popular technique for extracting information from
the database in different areas due to its flexibility
of working on any kind of databases and also due to

the surprising results 2. An approach has been made
to develop a decision support system which will
take decision under complex environment. CBR isto
solve problems by comparing a new case topreviously
experienced ones. With case-based reasoning, experiences
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are stored in memory. These experiences encode
relevant features, courses of action that were taken,and
results that ensued.
When a new case arrives, it will find the situation
that is most similar, and reuse, orrevise it to match
the new problem if the most similarproblem does not
match sufficiently. CBR has beensuccessfully applied
to a wide variety of areas including medical and
engineering tasks. However, problems remain with
the case based approach.
Some of the most important issues that need to
be addressed are:
•
The integration raw facts and knowledge into
a linking case base knowledge to enhance the
potential of the candidate system and to improve
the probability of finding the correct measure.
•
Finding effective parameters for indexing and
retrieving methods used for recovering the pastcases.
There are several main types of retrieval, knowledgebased search, classification network search, nearest
neighbor search, inductive approaches, etc.
•
The automation of feeding the results from data
mining tools to a CBR so that a corresponding case
can be retrieved effectively. Cases are retrieved
based on the knowledge stored in CBR, which
further is a main issue of consideration.

2.	Procedure
Step1: Initially populate the case base with data
mining result.
Step2: Take input from the user and convert into
cases.
Step3: Search the case base for the relevant
solution and present to the user.
Step4: If solution not in case base then search
the knowledge base for the solution and update the
case base.
End.
3 	Components of the Model
3.1 Knowledge Base
Knowledge base is an organized collection of
facts about the system’s domain. It consists of some
encoding of the domain expertise for the system.
This can be in the form of semantic nets, procedural
representations, production rules, or frames. Knowledge
base contains the knowledge necessary for understanding,
formulating, and solving problems in the form of rules
and expressed in the form. If the conditions are true
then the actions are executed.
3.2 Data Mining
Data mining includes predictive data mining
algorithms, which result in models that can be used
for prediction and classification, and descriptive data
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Figure 1. Components of the model.

mining algorithms for finding interesting patterns in
the data, like associations, clusters and subgroups 8.The
overall process of discovering and extracting valid,
implicit and previously unknown knowledge from large
databases is often referred to as data mining 2.
We are using data mining engine to populate out
case base. The data mining engine will be used to
fetch the structured and unstructured data from the
data base and data warehouse. Data mining techniques
such as clustering, classification and association will
be applied to the selected data results in generation of
the knowledge in the forms of clusters, rules, etc.

3.3 Case-Based Reasoning
Case based reasoning (CBR) is a popular problem
solving methodology which solves a new problem by
remembering previous similar situations and reusing
knowledge from the solutions to these situations. 3 CBR
enables retrieval of relevant data by comparing the
user’s current problem situation with previous situations
(cases). Cases are situation-specific knowledge, stored
in an experience base together with the necessary
general knowledge (concept hierarchies, relationships,
decision rules, associations, etc.) 2.
3.3.1 Case Based Reasoning Sub-Component
We have proposed a case based reasoning component
which will have a case base (collection of relevant
cases). A case is represented in foam (identification,
attribute, value). Similar cases are identified in one
location, i.e in certain types of sorting.
A problem will be first transformed in to a case
called problem case (in the format specified) and some
sophisticated matching algorithm is used to retrieve
the similar cases. Then re-use the similar case. The
solution part of the retrieved case is modified, i.e.,
revised. That is the solution for problem case. It is
presented to the user. At the same time, the problem

Verma et al. : Case Retrieval Decision Support System with Integration of Data Mining

Figure 2. CBR sub-component.

case together with modified solution is added to the
case base i.e. retained in the case base.
Sample Case Structure
Case 1
Problem: Sales is not as per last year
Model: Alto
Advertisement: Newspaper
City: New Delhi
Year: 2013
State: Delhi
Solution : Diagnosis
a. Dealer incentives needs to be revised
b. Service station needs to be improved
Approaches to case retrieval from CBR : The
main concern of all the CBR system is the retrieval of
similar cases rapidly and efficiently with the following
objectives
a. The retrieve cases must be as few as possible
b. The retrieved cases must be as relative and similar
to the current problem as possible 7.
CBR is an approach to problem solving that
emphasizes the role of prior experience during future
problem solving (i.e new problems are solved by
reusing and if necessary adapting the solutions to
similar problems that were solves in the past An
important step in the CBR Cycle is the retrieval of
previous cases that can be used to solve the target
problem. Improving retrieval performance through more
effective approaches to similarity assessment has been
the focus of a considerable amount of research.
There are various retrieval methods inductive,
nearest neighbor, knowledge based method, Decision
tree, Fuzzy based approach which have both the
advantages and disadvantages 3-6.

3.4 K-NN Approach
K-nearest neighbour (KNN) search method has
been extensively used in the case retrieval phase of
CBR [10]. Traditional KNN method adopts an exhaustive
search strategy to scan the overall case-base, and
then select K prior cases which have the minimum
dissimilarities with the new case from the case base.
The performance of a CBR system is indeed influenced

by the value of the parameter K when using the
KNN method. However, determining the value of K
is never such a simple task, especially when users
do not have sufficient domain knowledge. If K is too
small to find a representative pattern, so that it may
reduce the reasoning accuracy. Also, the reasoning
accuracy may be reduced if K is so large since the
selected prior cases would include some irrelevant
or distorted cases. Up to now, several studies have
developed their individual methods to determine the
value of K for KNN 9.

4. 	Proposed Approach
This paper has proposed a new case retrieval model
for finding the best possible solution for multicolumn
values.
Proposed Algorithm to retrieve similar cases from
Case base
Step 1: Consider a Target case T with T[i],T[i+1]….
T[n] features
Step2: Consider an array S and fill the S with the
first feature/attribute of the case base
Step3: Compare T[0] with all the elements of S[i]…
S[n]
FOR i = 1 TO N
Compare T[0] with S[i]..S[n]
Step4: Store all the cases where T[0]==S[i] and
generate the resultant set
Step5: Repeat step 3 to 4 for rest of the elements of
T with as, filling S with new features set values
for every element of T.
Step6: From the resultant sets count the number of
occurrences for each case considering only those
which are in resultant set and discard the rest.
Step7: Fill the occurrences in an array and compare
each occurrence with the minimal value and if the
occurrence is greater than minimal value change
the values of minimal with the occurrence value
and record the position.
Step8: The final value position will be the most
similar case.
5. 	Results and Conclusion
This algorithm finds the exact match rather then
getting the approximation or the nearest neighbor. The
exact match does not mean getting the result based
on 100 percent matching criteria but this algorithm
matches the given criteria which may or may not be
a single column value. It then matches the attributes
within the column, thereby counting the occurrences
of that attribute within the column, and then retrieving
the value of the occurrences in each row so that the
best possible match is found.
This this paper we have described the first phase
of the three-phased model. This phase deals with the
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Table 1. Comparison of nearest neighbor techniques12
Technique

Key Idea

Advantages

Disadvantages

Target Data

k Nearest Neighbor

Uses nearest

Training is very fast

Biased by value of k

large data samples

(kNN)

neighbor rule

Simple and easy to learn

Computation Complexity

Robust to noisy training data

Memory limitation

Effective if training data is large

Being a supervised learning lazy
algorithm i.e. runs slowly
Easily fooled by irrelevant attributes

Weighted k nearest
neighbor (WkNN)

Assign weights
to neighbors
as per distance
calculated

Overcomes limitations of kNN
of assigning equal weight to k
neighbors implicitly.
Use all training samples not just k.
Makes the algorithm global one

Computation complexity increases in
calculating weights
Algorithm runs slow

Large sample data

Condensed nearest
neighbor (CNN)

Eliminate data
sets which show
similarity and
do not add extra
information

Reduce size of training data
Improve query time and memory
requirements
Reduce the recognition rate

CNN is order dependent; it is
unlikely to pick up points on
boundary.
Computation Complexity

Data set where
memory
requirement is
main concern

Reduced Nearest

Remove patterns

Reduce size of training data and
eliminate templates

Computational
Complexity

Large data set

affect the training
data set results

Improve query time and memory
requirements
Reduce the recognition rate

Time Consuming

Model based k
nearest neighbor
(MkNN)

Model is
constructed from
data and classify
new data using
model

More classification accuracy
Value of k is selected
automatically
High efficiency as reduce number
of data points

Do not consider marginal data
outside the region

Dynamic web
mining for large
repository

Rank nearest
neighbor (kRNN)

Assign ranks to
training data for
each category

Performs better when there are too
much variations between features
Robust as based on rank

Multivariate kRNN depends on
distribution of the data

Class distribution
of Gaussian nature

Less computation complexity as
compare to kNN
Modified k nearest
neighbor (MkNN)

Uses weights and
validity of data
point to classify
nearest neighbor

Partially overcome low accuracy
of WkNN
Stable and robust

1.Computation Complexity

Methods facing
outlets

Pseudo/Generalized
Nearest Neighbor
(GNN)

Utilizes
information of n1
neighbors also
instead of only
nearest neighbor

Uses n-1 classes which consider
the whole training data set

does not hold good for small data
Computational complexity

Large data set

Clustered k nearest
neighbor

Clusters are
formed to select
nearest neighbor

Overcome defect of uneven
distributions of training samples
Robust in nature

Selection of threshold parameter is
difficult before running algorithm
Biased by value of k for clustering

Text Classification

Ball Tree k nearest
neighbor (KNS1

Uses ball tree
structure to
improve kNN
speed

Tune well to structure of
represented data
Deal well with high dimensional
entities
Easy to implement

Costly insertion algorithms
As distance increases KNS1
degrades

Geometric
Learning tasks like
robotic, vision,
speech, graphics
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k-d tree nearest
neighbor (kdNN)

Divide the training
data exactly into
half plane

Produce perfectly balanced tree
Fast and simple

More computation
Require intensive search
Blindly slice points into half which
may miss data structure

organization of
multi dimensional
points

Nearest feature Line
Neighbor (NFL)

Take advantage of
multiple templates
per class

Improve classification accuracy
Highly effective for small size
Utilises information ignored in
nearest neighbor i.e. templates
per class

Fail when prototype in NFL is far
away from query point
Computations Complexity
To describe features points by
straight line is hard task

Face Recognition
problems

Local Nearest
Neighbor

Focus on nearest
neighbor prototype
of query point

Cover limitations of NFL

Number of Computations

Face Recognition

Tunable Nearest
Neighbor (TNN)

A tunable metric
is used

Effective for small data sets

Large number of computations

Discrimination
problems

Center based Nearest A Center Line is
Neighbor (CNN)
calculated

Highly efficient for small data
sets

Large number of computations

Pattern
Recognition

Principal Axis Tree

Good performance

Computation Time

Pattern

Uses PAT

Nearest Neighbor
(PAT)
Orthogonal Search
Tree Nearest
Neighbor

Fast Search
Uses Orthogonal
Trees

Less Computation time
Effective for large data sets

user query and retrieval of the best possible solution
from CBR. The solution is appropriate for categorical
attributes. Where in our domain if we want to search
for model xwith other supporting attributes, then we
cannot replace model x with model y.

fu’d’kZ
;g ,YxksfjFke vklUu ;k lcls utnhdh ifj.kke çkIr
djus ds ctk, ,dne lVhd feyku çkIr djrk gSA lVhd
feyku dk ;g vFkZ ugha gS fd 100 çfr'kr feyku ekunaMksa
ij vk/kkfjr ifj.kke çkIr djuk cfYd ;g ,YxksfjFke fn, x,
ekunaMksa ls feyku djrk gS tks ,d ,dy d‚ye eku gks Hkh
ldrs gSa vkSj ugha HkhA rRi'pkr~ ;g d‚ye ds Hkhrj fo'ks"krkvksa
dk feyku djrk gS vkSj blds }kjk d‚ye ds Hkhrj ml
fo'ks"krk dh ckjackjrk dh x.kuk djrk gS vkSj rc çR;sd iafä
esa ckjackjrk ds eku dks iqu%çkIr djrk gS rkfd loksZRke laHkkfor
feyku ik;k tk ldsA
bl i= esa geus rhu pj.k okys e‚My ds çFke pj.k
dk o.kZu fd;k gSA ;g pj.k ç;ksäk ds ç'u vkSj lhchvkj
ls loksZÙke laHkkfor lek/kku dh iquiZzkfIr ls lacaf/kr gSA ;g
lek/kku Li"V fo'ks"krkvksa ds fy, mi;qä gS tgka vius Mksesu esa
;fn ge vU; leFkZudkjh fo'ks"krkvksa ds lkFk e‚My ,Dl dks
[kkstuk pkgrs gSa] rks ge e‚My ,Dl dks e‚My okbZ ls cny
ugha ldrs gSaA

Recognition
Query time is more

Pattern
Recognition
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lkjka”k
Hkkjr us jkek;.k vkSj egkHkkjr ds le; ls gh esa j{kk vkSj ;q)dyk ds eqíks ds lnk eqdkcyk fd;k gSA
rkM+ ds iÙkks vkSj iRFkjksa ds VqdMksa ij cus vfHkys[k vkSj fyf[kr fjdkMZ ls fofHkUu çdkj ds gfFk;kj] j.kuhfr]
cpko fof/k;k¡ tksfd /kwy d.kksa vkSj vU; fuekZ.k ls gksrh gS dk Kku gksrk gSA pk.kD; dk vFkZ”kkL=] mÙkjh Hkkjr
esa dq:{ks= dh yMkbZ] vkSj nf{k.k Hkkjr esa ijk.kh bR;kfn j{kk vkSj ;q) ls lEcfU/kr eqíks dk fp=.k fjdkMZ fd;k
x;k gSA buesa ls cgqr dqN vkt ds lanHkZ esa çklafxd gSaA orZeku v/;;u lwpuk] Kku vkSj mR—’Brk dks miyC/k
VsDlV ls fudkyus esa vkSj bls ckn esa fMthVy :i esa cnyrk gSA ;g i)fr bls csfld ihDly&eSi ij cnyrh
gS ftlds dkj.k Hkk’kk] VsDlV fyfi vkSj çk:i dksbZ leL;k iSnk ugha djrs vkSj vPNh rjg ls fodflr dh xbZ
dqath&dyLVj dk fdlh lfpaZx lk¶Vos;j esa eq[; “kCnksa ds vk/kkj ij lwpuk fudkyus tSlk vklku osc vkSj fMthVy
lfQaZx çnku dh tkrh gSaA fof”k’V dsl v/;;u bldh i)fr vkSj lk/kkj.krk dk fooj.k ns jgh gSaA
Abstract
India is known to have dealt with defence and warfare related issues way back from the period of
Ramayana and later Mahabharatha. Records and writings in scriptures of palm leaves and stone-cuttings
reveal different types of weapons, strategies and defending methods through mote and other construction
aspects. Chanakya’s Arthasastra, war of Kurukshetra in Northern India and Parani in South India are
all recorded depictions of defence and war related issues. Many of these are becoming very relevant in
today’s context. The present study focuses on extraction of information, knowledge and even expertise
from the available text and media-type data after it is converted to digital form. The approach is based on
converting to basic pixel-maps, so that issues of language, text-script and format do not pose problems,
and through well developed key-clusters-similar to keywords used in any search- content is extracted for
easier web and digital surfing. Typical case studies give the details of the approach and its generality.
Keywords: Defence, information extraction, pixel map, text script, key cluster, content extratction

1.

Introduction
The web is an encyclopedia of information. It
has millions of sites and billions of pages providing
information in all fronts from ancient history to 22 nd
century. The content of the web page is in the form
of flat files, databases and other repositories. The
content may be structured or unstructured. With the
type of data they can be simple relational or multimedia
database. Considering the language aspect they are
multilingual. To start with the research was with web
mining. Next advancement in mining is the streaming
both audio and video. Hence, media mining is gaining
popularity. The internet is for sharing of knowledge
or entertainment.

The usage of the internet has spread across the
nook and corner of the world. In a country like
India, which has many official languages the need
for multilingual mining arises. The language need not
be only in English but also regional languages. The
mining industry gives importance to the English Hence
the need arises for multilingual search or mining. A
multilingual web page can consist of text more than
one language along with images, streaming videos,
scrolling news which makes the user in seeing lot of
information on a single web page.
The focus of present work is to extract the content
from the multilingual web pages and understand what
actually the web page considered tells about. Method

managing information technology

should preferably be not translation as in text mining,
preferably be computer understandable and softwareindependent. Pixel-based processing to assess overall
content is the focus of the study. The objective of the
present study is to extract the features dealing with
web documents either in English or in a regional
language like Sanskrit, and to conclude the relevancy
of the content with respect to the interest 1,2.

2.	Content Representation and
Feature Extraction
Since the method is not translation, computer
understandable and independent of the software used
none other than the basic representation is used which
is of course the pixel. Internally data are represented
only by pixels. Hence the pixel representation is
considered for processing. To create key cluster a
sample of 10 words Army, Weapon, Missiles, Pistol,
Rifle, Submarine, Soldier, Battlefield, Navy and
Intruder-related to defence are taken in English and
its equivalent in Tamil and Sanskrit. As the web page
is multilingual transliteration is frequently used for
representation. For example, Bus is an English word.
This word has penetrated to all linguistic people This
sort of representation reaches the audience quickly
rather than their equivalents. For the above said Ten
words nine combinations as mentioned below are
considered. For example if army is taken
(a) English equivalent in English
ARMY
(b) English equivalent in Tamil ஆர் ம ி
(c) English equivalent in Sanskrit
vkfeZ
(d) Sanskrit equivalent represented in Sanskrit

ls u kls u k

(e) Sanskrit equivalent transliterated in English
senasena
(f) Sanskrit equivalent transliterated in Tamil
சேனா
(g) Tamil equivalent in Tamil
ணுவம்
(h) Tamil equivalent in English
Ranuvam
(i) Tamil equivalent in Sanskrit
juq o e~
The pixel map of the image is of higher dimension.
Hence, dimension reduction is done to the pixel map
of the image using the nonzero concept. The reduced
matrix size is 2x2 and 3 x 3.The features extracted are
the statistical properties of the images. To the reduced
pixel map of the image the various attributes like
mean, standard deviation, and Eigen value, determinant,
diagonal, rank and norm are considered as attributes.
Normalization is done to the attributes. The influence
of the attribute on distance and clustering algorithm is
used for better classification. Attribute is the basis of
all further inferences and since the choice of attribute
and its closeness to actual matrix of the data are not
clear, one can study the influence of each one, the
subsequent formulations which finally result in grouping.
156

So the attribute which makes the groups more or less
similar irrespective of the methods used in the process
can well be the basis for future classifications. This
could be one attribute or a cluster with attributes
forming what can be called as ‘key cluster’ like key
words. Key clusters can be used to search any kind
of data-unstructured and heterogeneous. Finding key
clusters and checking with more data is the core.
Superficially images of defence equipments, sketch or
drawings/scanned images can be a cluster but whether
word can also enter into that is the study. Likewise
words of defence in different linguistic representation
can be considered as different key cluster.

3.	Clustering
For grouping clustering technique of Data mining
is used. Clustering is a grouping method where by
grouping is done by similarity. Variety of similarity
metrics is available. Out of which Euclidean Distance
metric is used to find the similarity. Fuzzy C Means
algorithm is used for grouping. Fuzzy C Means is a
variant of Hard C Means Algorithm. The difference
is that in FCM each data point belongs to a cluster
to a degree of membership grade, while in HCM
every data point either belongs to a certain cluster
or not. So FCM employs fuzzy partitioning such that
a given data point can belong to several groups with
the degree of belongingness specified by membership
grades between 0 and 1. However, FCM still uses a
cost function that is to be minimized while trying to
partition the data set.
The membership matrix U is allowed to have
elements with values between 0 and 1. However, the
summation of degrees of belongingness of a data point
to all clusters is always equal to unity:

∑

c

u = 1, ∀ j = 1,2,3,....n

i =1 ij

(1)

Where c is the number of clusters and n is the
total number of data points
The cost function for FCM is:
c

J(U,c 1,c 2,….c c= ∑ J i = ∑ i −1 ∑ j −1 uij d ij
c

c

m 2

i =1

(2)

here u ij is between 0 and 1; c i is the cluster center
of fuzzy group i; d ij is the Euclidean distance between
the i th cluster centre and j th data point
M ε[1,∞] is a weighting exponent
The necessary condition for (2) to reach its minimum
are (3) and (4)
n

ci =

∑u
j =1

∑

m
ij

n
j =1

xj

u ijm 				

(3)
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u ij =
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 d ij  (m −1)


d 
 kj 
				
(4)
The algorithm works iteratively through the preceding
two conditions until the no more improvement is
noticed. In a batch mode FCM determines the cluster
centers c i and the membership matrix U using the
following steps:
Step 1: Initialize the membership matrix U
with random values between 0 and 1 such that
the constraints in Equation (1) are satisfied.
Step 2: Calculate c fuzzy cluster centers
ci,1,,, c using (3).
Step 3: Compute the cost function according
to (2). Stop if either it is below a certain tolerance
value or its improvement over previous iteration
is below a certain threshold.
The performance of FCM depends on the initial
membership matrix values; thereby it is advisable
to run the algorithm for several times, each starting
with different values of membership grades of data
points 1,2.

Euclidean Distance
The Euclidean distance or Euclidean metric is the
ordinary distance between two points that one would
measure with a ruler. It is the straight line distance
between two points. In a plane with p 1 at (x 1, y 1)
and p 2 at (x 2, y 2), it is v((x 1 - x 2)² + (y 1 - y 2)²). The
distance is calculated using the formula
n

∑ (x
i =1

i

− yi ) 2

			

5

4.	Result
For the training phase a set of above said ten
words are taken. The nine combinations of each text
could be in the form of 4.
(a) English equivalent in English
(b) English equivalent in Tamil
(c) English equivalent in Sanskrit
(d) Sanskrit equivalent represented in Sanskrit
(e) Sanskrit equivalent transliterated in English
(f) Sanskrit equivalent transliterated in Tamil
(g) Tamil equivalent in Tamil
(h) Tamil equivalent in English
(i) Tamil equivalent in Sanskrit
Ninety words are taken altogether for creating
key clusters. For testing 3 different web pages are
taken. The web pages are preprocessed by removing
the tags and special characters. The preprocessed
pages are tokenized. The tokens are converted to
pixel map for finding the fuzzy membership. With
this conclusion can be drawn whether the web page

is relevant or irrelevant. The first test page is that
of http://in.mathworks.com/help/matlab/ref/urlwrite.
html which is absolutely irrelevant to defence. The
second web page is the one created by the author
which contains defence terms. The third web page
is one which contains few terms of defence. The
third web page is that of http://ibnlive.in.com/news/
pistol-tamil-actor-vijay-to-shake-a-leg-in-the-hindiremake-of-thuppakki/376479-71-180.html. This web
page is that of cinema remake which contains the
word pistol and thupaki. The code is developed in
matlab and other language texts are created using
Azhagi+ software. The result from the matlab source
code is found to be correct with first two pages and
false positive with the third page since this page is
about a movie remake.

5.	Conclusions	
The conclusion is that the web page ‘MAY BE
DEFENCE RELATED‘ or not. Fuzzy C means is used
for clustering. For analysis the language is restricted
to the three languages only and the input is only text
in various representations. This needs to be extended
to various other images and hand written format.

fu"d"kZ
bl ‘kks/k ls ;g fu”d”kZ fudyrk gS fd osc i`”B j{kk
ls lEcfU/kr gSa ;k ughaA QTth lh dk mi;ksx DylVfjax esa
gksrk gSaA fo’ys”k.k ds fy, dsoy rhu Hkk”kkvksa dk mi;ksx gSa
vkSj fofHkUu vH;kosnuksa esa buiqV dsoy VsDlV gSaA buiqV dks
fofHkUu vk—fr;ksa vkSj gLrfyf[kr çk:i esa xzg.k djus rd
c<kuk gksxkA
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lkjka”k
gekjs ns”k esa fofHkUu Hkkjrh; fyfi;ksa esa Hkkjrh; gLrk{kj MkVkcsl ds fuekZ.k vkSj tk¡p esa Lopkfyr v‚Qykbu
gLrk{kj çek.ku ç.kkyh dk bLrseky gks jgk gSaA LoçFke gekjs MkVkcsl esa jkseu vkSj nsoukxjh fyfi esa gLrk{kj
dk o.kZu djrs gSA rc lsaEiSy MsVkcsl esa ls xq.kksa dh çkfIr dk ifj.kkeksa fn;k tkrk gSA ;g ifj.kke nks fyfi;ksa
esa gLrk{kj ls çkIr fd;s x;s xq.kksa dqN cqfu;knh erHksn dks fn[kkrk gSaA
Abstract
Indian signature database in various Indian scripts is necessary for building and testing automatic
offline signature verification system to be used in our country. Our database for signatures in Roman and
Devanagari script is described at first. Then the results of feature extraction from the sample database
are given. The results show some fundamental differences in feature values extracted from the signatures
in two scripts.
Keywords: Hand-written signature, offline verification, feature extraction

1.

Introduction
Handwritten signature is a biometric to identify
and authenticate a person in legal, financial and
business documents. Although use of other biometrics
like fingerprint, iris, face and voice has increased
in recent years, handwritten signature is still in use
because of two basic reasons. The first reason is its
easy availability and accessibility - it can be produced
easily without any sophisticated device. The second
reason is people’s acquaintance with this time-tested
method of identification. A signature is verified by
measuring its similarity with its prototype collected
earlier, thereby confirming or denying a signer’s
claimed identity. In general, signature verification is
done manually in our country. But given our population
and the number of persons accessing financial and
business transactions everyday, manual verification
becomes a tough and time-consuming job.
An automatic signature verification system is a
software that verifies a signature without any manual
intervention. Depending on input such a system can
be categorized into one of the two types; online and
offline. Input for an online system is online signature
data which is acquired during the process of signing
using a pressure-sensitive digitizing tablet or a camera.

Input for an offline system is offline signature data
which is written on a paper using a normal pen and
acquired as a two-dimensional image of the signature
after the process of signing. An online system uses
dynamic characteristics of the hand movement like
position, velocity, acceleration and pen pressure as
functions of time. An off-line system makes use
of static characteristics like structural or statistical
properties of a signature image. Absence of stable
dynamic characteristics makes offline verification
difficult. But offline signatures have some advantages
as well. For example, signing on a paper is a simple
and inexpensive process. It requires no sophisticated
device like stylus, pressure tablet or computer, nor
any source of energy like electricity. So it can be
produced anywhere and anytime. This is possibly
the reason why off-line signatures are so popular
till today. Designing a signature verification system
requires exploring the characteristics of handwritten
signatures. A good signature database is of great help
in that. The characteristics are recorded in terms of
features extracted from the individual signatures in
the database. Extracted features are used to design
the verification algorithm. Finally the algorithm is
tested with genuine and forged signatures samples. A
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good system accepts genuine signatures and rejects
the forged ones. Acceptance and rejection rates are
standard measures for evaluating a system.
Developing an automatic offline signature verification
system is a challenging task due to many reasons. Firstly,
a variety of languages and scripts are used across the
globe. Each script has its own characteristics. Even
for the same script signature-styles may differ across
the countries. So a signature database developed in a
country may not be useful for developing a system in
some other country. Secondly signature is a behavioral
biometric and any signature verification scheme thrives
on the following principle – two signatures of a person
are very much similar and signatures of two persons
are considerably different. But signature of a person
may change over time because of change in physical
and mental states of the person. So considerable intrapersonal structural variations in signatures may exist and
they may not be repetitive in nature. Thirdly, feature
extraction may become difficult since segmentation
of signatures is not an easy and trivial task due to
italicized and unconventional writing styles.
Developing a signature verification system to
be used in India is even more difficult due to the
following additional facts. Firstly, India is a multilingual
country and people sign in different scripts, and each
script may have completely different characteristics
than some other script. Secondly, literacy rate varies
highly among the people; some people can just sign
their names and cannot write anything else, some can
read and write properly but use their writing skills
rarely, for example only when they require signing,
and there are educated people who are used to writing
very often. A system must be able to accommodate
all these. Finally, since culture and upbringing may
influence signature styles, signature database developed
in some other country may not be suitable to be used
in our country. So testing the system after designing
is difficult due to lack of availability of an authentic
Indian signature database. These challenges motivate
us to build a multi-script Indian signature database
comprising of signatures from various sections of the
society and then design an efficient offline signature
verification system. We are partially successful towards
our goal. We have built a database of signatures in
Roman and Devanagari scripts and we have extracted
a number of features from the signatures.

2. Previous work
Since handwritten signatures are a standard means
of authentication, their analysis started long back. Expert
document analyst Osborn [1] states that the simulating
another person’s writing by a forger involves not only
copying the features of the genuine signature but also

hiding his own personal handwriting characteristics.
Another analyst Locard [2] categorizes the signature
characteristics into two broad classes: the ones that
are difficult to imitate and the ones which are easy to
imitate. The first class includes the rhythmic line of a
signature, local variation in width of the signature; and
variation in the aspect ratio of the complete signature.
The second class includes the overall orientation of the
signature and its position on the document. Nagel &
Rosenfeld [3] deal with detection of freehand forgeries
of signatures on bank checks. The detection process
makes use of size ratio and slant features derived
from Eden’s kinematic stroke model for handwriting,
which is modified to make it applicable to pre-wr itten
material. Kalera [4], et al. describe a novel approach for
offline signature verification and identification based
on a quasi-multiresolution technique using gradient,
structural and concavity features and weighted Euclidean
distance. Pal [5], et al. presented a survey on the stateof-the-art in the field of non-English and non-Latin
signature verification systems. Above work does not
explore any Indian signature database.

3. 	Multi-script signature database
N ow we give a short description of the multi-script

signature database built by us. Genuine and forged
signature samples are collected on white A4-size sheets
of papers designed for data collection. Most of the
signatures are done by black pens, although some are
written by blue pens.

3.1 Genuine Signatures
G enuine signature samples are collected from
31 signers , 10 samples from each person, so we
have 310 genuine samples. Among the 31 signers
25 have signed in Roman script and 6 have signed
in Devanagari script. The signature samples are
collected through a span of one year so that intrapersonal variat ions in respect of time are included
in the database.
3.2 Forged Signatures
For each of 31 different genuine signers, 10
skillfully forged signatures are collected. So we have a
total of 310 skillfully forged signature samples. Forged
signatures are done by 6 of the 31 signers.
3.3 Data Acquisition and Cropping
A fter collectio n of signatures, A4-size sheets of
papers are scanned as grayscale images using an HP
Scan Jet G2410 scanner at a resolution of 1200*1200
dpi. A scanned image of the sheet is shown in Fig.1.
From the scanned images, individual signature samples
are cropped manually and stored as separate grayscale
images.
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Figure 2. Results of preprocessing steps for a sample.

Figure 1. Scanned sheet of signatures.

4. Preprocessing of signatures
Before feature extraction, a signature image requires
preprocessing. Following preprocessing steps are applied
sequentially on an image. Results of these steps on
a sample image are shown in Fig. 2.
(a) 	Noise-removal: There may be noises in the scanned
signature images due to the following facts –
unintentional marks and dirt on the paper, intensity
variations in scanner-light, scratches or dirt on
the scanner lens etc. Median-filtering is used for
noise-removal [6].
(b) Binarization: In this step, the grayscale signature
image is converted into a binary (two tone) image
by using a threshold obtained by Otsu’s method
[7]
.
(c) Skew correction: A skew-angle may be introduced
in a signature during its production if the signer
signs in a rotated manner or during the scanning
process if the paper is set in a rotated manner.
To rectify it, the skew-angle is detected in the
method described in [4] and the signature image
is rotated in the inverse direction.
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(d) Bounding box: Manual cropping and skew correction
may result in unwanted white and black pixels
surrounding a signature image. So it is cropped
automatically by its bounding box.
(e) Scaling: Two signatures of the same person may
vary in size thereby affecting the feature values.
So every signature is scaled to width 400 pixels
keeping its aspect-ratio same as before [6].
(f) Thinning: Two signatures of the same person may
vary in thickness depending on the type of pen
used or the pressure on pen during writing. Varied
thickness may produce different feature values of
the same signer. So a thinning method [9] is applied
to get one pixel thick signature images.

5. 	Feature extraction
Characteristics of signatures of a person are
determined by their feature values. Comparisons of
feature values of genuine and forged signatures of a
person help in deciding the verification procedure.
The features extracted from the preprocessed signature
images are described below.
1. Aspect ratio: Aspect ratio of a signature is
calculated by the height in pixels to width (in
pixels ratio.
2. Occupancy ratio: It is calculated by the ratio of
total number of black pixels to total number of
white pixels in the signature.
3. Signature area: It is calculated by the total number
of black pixels in the signature.
4. 	Number of white columns: A signature may be
written continuously without lifting the pen from
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the paper. In this case, there is no gap in the
signature. Signatures of a signer who signs with
non-continuous lines may have varied amount of
gaps in his or her signature. This is an important
characteristic and the number of white columns in
a signature helps in measuring the total amount
of gaps.
5. 	Maximum horizontal frequency: It is the maximum
of all frequencies along the horizontal rows of a
signature.
6. 	Maximum vertical frequency: It is the maximum
of all frequencies along the vertical columns of
a signature.
7. 	Number of horizontal line segments of length two
or more pixels.
8. 	Number of horizontal line segments of length
three or more pixels.
9. 	Number of vertical line segments of length two
or more pixels.
10. 	Number of vertical line segments of length three
or more pixels.
11. 	Number of diagonal (+45 o) line segments of length
two or more pixels.
12. 	Number of diagonal (+45 o) line segments of length
three or more pixels.

13. Number of cross-diagonal (-45 o) line segments of
length two or more pixels.
14. Number of cross-diagonal (-45 o) line segments of
length three or more pixels.
The features numbering 7-14 give insight on
lengths and orientation of strokes which are important
in finding structural characteristics of a signature.

6. 	Experimental results
Feature extraction is done by using the software
MATLAB Version 7.9.0.529 (R2009b) in a 32-Bit
processor. Each feature is designated by the numbers
shown above. Values for a particular feature are
obtained for ten genuine signatures of a signer and
then standard-deviation of the values is calculated.
Each signer is designated by a number. Standarddeviations for 10 genuine signatures in Roman script
and 4 genuine signatures in Devanagari script are
shown in Tables 1 and 2 respectively.
7. 	Discussion
Since standard deviation is a measure of variability,
its low value means less variability and hence more
stability. From tables 1 and 2 it is seen that for each
row, column 2 has the lowest value. In that sense,

Table 1. Standard deviation of feature-values extracted from signatures written in Roman script
Signature
Sl. No.

Feature number
1

2

3

4

5

6

7

1

0.486

0.005

109.551

13.123

4.915

3.040

42.302

2

0.581

0.010

178.565

16.925

8.628

5.220

49.086

3

0.657

0.012

361.354

23.122

20.220

5.936

82.022

4

0.701

0.004

61.482

12.042

7.102

5.422

20.302

5

0.496

0.004

80.390

13.773

5.004

5.442

24.327

6

0.556

0.014

1199.106

10.149

25.330

13.100

88.870

7

0.454

0.004

226.665

20.245

9.605

5.001

69.929

8

0.359

0.006

250.703

13.513

14.225

4.490

60.219

9

0.325

0.009

523.171

8.488

14.221

9.994

105.555

10

0.458

0.012

328.270

15.931

21.709

3.951

55.252

Signature
Sl. No.

Feature number
8

9

10

11

12

13

14

1

23.297

23.367

16.877

230.100

101.000

158.900

65.600

2

33.128

24.639

25.385

239.900

121.700

226.800

114.200

3

65.338

54.136

46.590

286.300

135.200

294.400

131.700

4

7.595

16.667

7.695

201.100

93.000

250.400

120.500

5

10.945

21.941

10.756

277.300

114.000

175.200

62.500

6

106.452

48.002

60.516

863.200

740.300

737.500

598.300

7

31.215

63.406

35.856

384.100

176.600

163.300

52.800

8

33.500

46.045

39.493

356.000

169.600

340.700

168.800

9

67.430

49.809

40.085

838.100

701.700

894.200

616.000

10

64.508

59.084

56.187

444.800

249.900

429.200

228.600
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Table 2. Standard deviation of feature-values extracted from signatures written in Devanagari script
Signature
Sl. No.

Feature number
1

2

3

4

5

6

7

1

0.382

0.021

469.537

49.238

46.997

5.696

45.107

2

0.196

0.056

2095.326

17.009

49.841

8.297

65.630

3

0.565

0.008

450.398

33.187

64.664

6.007

98.004

4

0.967

0.029

1093.934

11.874

29.323

10.931

145.992

Signature
Sl. No.

Feature number
8

9

10

11

12

13

14

1

72.450

85.463

98.767

556.100

428.900

533.200

411.200

2

86.343

94.752

134.939

914.800

835.700

738.900

657.100

3

37.750

74.564

31.225

518.400

177.000

451.400

163.400

4

149.298

177.854

159.091

773.200

494.500

702.300

485.000

aspect ratio is the most stable feature among the
ones that are extracted. On the other hand, for most
of the rows column 11 has the highest value whereas
column 3 has the highest value for the rest. Hence
among the extracted features, number of diagonal
(+45o) line segments of length two or more pixels is
the most unstable feature followed by the area. We
plan to work towards finding out some more stable
features, and designing an algorithm for comparing
genuine and forged signatures. Furthermore, we need
to study the variations of feature values for Roman
and Devanagari scripts.

fu"d"kZ
LVSMZ Msfo,lu ifjorZu”khyrk dk ekid gSaA bldh de
la[;k dk eryc gSa de ifjorZu”khyrk vFkkZr vf/kd fLFkjrkA
Vscy 1 vkSj 2 ;g ns[kk x;k gSa fd çR;sd jks vkSj dksye
2 esa U;wure la[;k gSaA bl lanHkZ esa] ftu vuqikr dks çkIr
fd;k x;k gSa muds xq.k vf/kd fLFkj gSaA tcfd nwljh vksj]
çR;sd jks ds dksye 11 esa mPpre la[;k gSa tcfd cps gq, jks
ds fy, dksye 3 esa mPpre la[;k gSaA blfy,] fudkys xq.kksa
esa] d.kZ ykbu iafä yackbZ ij nks ;k nks ls T;knk fiDly
vR;f/kd vfLFkj xq.kksa dks n”kkZrs gSaA ge dqN fLFkj xq.kksa dk
irk yxkus rFkk okLrfod ,oa tkyh gLrk{kjksa dh rqyuk ds fy,
,d ,YxksfjFe fMtkbu dj jgs gSaA blds vykok] ge jkseu
vkSj nsoukxjh fyfi;ksa ds xq.kksa ds vUrj dks v/;;u djus dh
t:jr gSA
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lkjka”k
21oha lnh us gesa dkQh LekVZ cuk fn;k gS] foŸkh; vkSj Ik;kZoj.k dh [kkfrj ÅtkZ dh [kir dks T;knk ls
T;knk cpkuk vc vfuok;Z gSA ;g jk’Vªh; lqj{kk vkSj ekuo tkfr ds fy, Hkh mruk gh egŸoiw.kZ gSA vkt nqfu;k
dh cgqr cM+h vkcknh LekVQksu cSVjh ds ckjs esa fpafrr gSA dbZ ,Ik dks mi;ksx djus okys ÅtkZ ds cgqr lkjs
miHkksDrk gSaA gekjh iz.kkyh lhfMª;ksM vkijs”ku flLVe ds lkFk DykmM lax.kuk fodflr djrh gS tks fd eksckby
izkS|ksfxdh ds fy, ¶;wftVlw loZj ij vk/kkfjr gS] ftls iwjh rjg ls ÅtkZ dh cpr] cSVjh thou dks c<+kus vkSj
izkslslj pØ dks cpkus ds fy, gh ugha cfYd eksckby Qksu] MkVk lk>k djus vkSj rsth ls ,Dlsl igqapus djus
ds fy, Hkh mi;ksx fd;k tkrk gSA flLVe vkWQyksfMax ra= dk mi;ksx djus ds lkFk lkFk loZj vkSj Qksu nksuksa
dh eseksjht dks lk>k djrk gSA eksckby DykmM lax.ku vo/kkj.kk ÅtkZ laj{k.k esa dbZ phtksa dh enn djrh
gSA uohure ¶;wftVlw loZj nqfu;k dh lcls rst izlaLdj.k izkslsflax iznku djrk gSA geus Bhd izdkj ls uo
izLrkfod iz.kkyh dh lajpuk dk o.kZu fd;k gSA ;g rsth ls cnyrs lsyQksu izkS|ksfxdh dh fn”kk esa ,d vkSj
dne gksxkA dqN o’kksaZ ds Hkhrj gh vxyh ih<+h ds fy, gkbfczM DykmM dEI;wfVax eksckby izkS|ksfxdh nqfu;k Hkj
esa rS;kj gks tk,sxhAA
Abstract
The twenty first century made us smart enough, it is now mandatory to save power consumption as
much as for the sake of financial, environmental stability. It is equally important for national security and
mankind. Today a huge number of populations in the world is worried about Smartphone batteries. They
are huge consumer of energy when using several apps. Our system is to develop Cloud Computing with
CDroid Operation System that is based on Fujitsu Server for Mobile Technology, which is completely
used for saving energy, enhancing battery life and saving processor cycles more than ever of mobile
phone, sharing data and faster access. The system shares both the memory of server and phone as well
by using offloading mechanism. The mobile cloud computing concept helps several things to conserve
power. The newest Fujitsu server provides world’s fastest processing. We had described thoroughly the
architecture of newly proposed system. This will be one more step towards the quickest changing cell
phone technology. The hybrid cloud computing mobile technology for the next generation will be ready
for our world within few years.
Keywords: Smartphone, CDroid, Fujitsu Server, Cloud Computing

1.

Introduction
The CDroid operating system in fujitsu server
for mobile cloud [1] finds easy to save battery lifes
of a Smartphone. They are already able to upload or
download data, software, mainly Apps to and from
server by offloading technique [2]. The Android OS is
stored completely on the mobile phone device memory
on which it runs and consumes power. Our proposed
system is to use a CDroid OS in Fujitsu server to
best serve cloud computing facility. The system stores,
executes in the cloud utilizes electricity at IaaS cloud

location. As we know the current growth rate of battery
capacity is just 5% per year (Robinson et al) [3], which
is very less according to growing market needs. The
Fujitsu server is fastest as because it transfers data
between CPU and memory in a way which is best in
the world. The energy consuming Apps are installed
partly on clouds, so a lot of electricity is saved and
enhances battery life.
Throughout this paper we will use several diagrams
and figures to make others understand about our
proposed system.
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2.	THE PROPOSED SYSTEM
The system need the cloud services (IaaS), where
the Fujitsu server is being installed. Smartphones using
wi-fi and 3G enabled network connectivity is best
for the system. They communicate the server cloud
through mobile tower. The phone also needs CDroid
OS. The problems and solutions to achieve the goal
using our system both will be discussed later in this
paper. The basic structure for the proposed system
is as follows:

Figure 1. Proposed System Architecture (Basic).

The above diagram (Figure 1) tells us about the
basic idea about the smartphones connecting with
fujitsu server at clouds provided at cloud systems with
the help of communication system like mobile tower.
There are lots of intermediate devices and protocols
are there, we will discuss them later on this paper.

3.	CLOUD COMPUTING
Mobile Cloud Computing (MCC) is the greatest
factor to reduce power consumption on the mobile
devices [4].
Cloud services are internet-service-oriented computing
concept, where Hardware, Software and data are shared.
The proper definition may be . Share and use of
applications and resources of a network environment
to get work done without concern about ownership
and management of the resources and applications. (M-S. E Scale, 2009) [5]. It is also a combination of
preexisting technology, which gives some services.
The two different models used in cloud computing
are Deployment model and Service model.
The service models are of three types Software as
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a Service (SaaS), Platform as a Service (PaaS), and
Cloud Infrastructure as a Service (IaaS).
They follow NIST (National Institute of Standards
and Technology) model [6]. We will concentrate on the
IaaS part for our proposed system.
The essential characteristics of cloud computing
are On-demand services, Broad network access,
Resource pooling, rapid elasticity, measured service,
self provisioned, pay per use (lower cost), scalability,
ease of utilization, quality of service, reliability,
outsourcing, simplified maintenance and upgrade, low
barrier to energy etc.
. Mobile Cloud Computing (MCC) at its simplest
refers to an infrastructure where both the data storage
and the data processing happen outside of the mobile
device. Mobile cloud applications move the computing
power and data storage away from mobile phones
and into the cloud, bringing applications and mobile
computing to not just Smartphone users but a much
broader range of mobile subscribers. [7][8].
As processing task is not done by the mobile
device the power and memory consumption is also
less in this area and eventually the mobile device
became very fast.
For sake of our proposed system Cloud Infrastructure
as a Service (IaaS) will be used to store the mobile
phones data, Apps etc in the form of Second code
segment or CDroid Server. As the system uses cloud
services, it does not depend on geographical locations.
To reduce cost the cloud infrastructure including fujitsu
server must be placed in a country where electricity
cost is lowest [9].

4.	PROBLEMS WITH ANDROID
Android systems hanged a lot, as lots of processes
runs on the background. This causes another big problem
i.e. drainage of battery. After removing the cover we
had seen the Smartphones are heated badly, again for
the same reason. Lastly, the malware applications [10]
cause problems when downloading anything from
google play [11] or elsewhere.
5.	CDROID
CDroid is an IaaS cloud-integrated mobile operating
system; they can be used in Smartphones (e.g. Android).
To enhance speed and increased battery life of mobile
phone (Smartphone) the CDroid system is being
introduced. It is a system which has two different
segments. The first code segment which is named CDroid
device here occupies its place within the Smartphone
and second one is mentioned by CDroid server that
inhabited inside the clouds (private/public) [12].
Some CDroid prototype uses the logo as shown
in Figure 2.
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with the cloud. We assume the internet connection
is on when this system works. A set of userid and
password is provided to every Smartphone connected
with the cloud network.
CDroid tools are used in Android based mobile
phones to switch off/on wi-fi, Bluetooth, data service.
There are some free Apps found in google play.

5.4 Solution With Cdroid
CDroid systems First code segment is on cloud,
so a number background a process executes over the
cloud server. It solves several problems like hanging
of a cell phone system, saves the energy that was
supposed to consume from phone battery. The heat
problem of mobile hardware is also solved in this
way. The cloud providers use several anti-malware
applications, solves the problems when downloading
anything from Google play or somewhere else.

Figure 2. A CDroid Logo.

5.1	First Code Segment/Cdroid Device
This part will handle all the operations done by the
Smartphone like calling, SMS/MMS, internet access,
App management etc. and maintain all those using
log files. The CDroid device sends all the collected
data and information to the cloud side CDroid server
as shown in the picture. This process is completely
a piggybacking method.
5.2 Second Code Segment/Cdroid Server
This is the cloud-side of the system which
handles a reliable connection with CDroid device,
optimizes the user traffic cashing and pre-fetching
and content compression. The security issues like
uses of different apps, anti-phishing programs, cookie
handlers, sensitive information blocker, remote wiper
etc. It protects the user’s privacy as mobile ad blocker;
push notification handler is being used. They also
handle mobile computation offloading and data backup
synchronization handler, remote code executor [13] for
better mobile user access.
5.3	Working Strategy
CDroid part inside the Smartphone is the operative
load environment within it, which works with the other
part installed in the clouds as IaaS. The cloud service
provider itself is responsible for all synchronization,
communication with the Smartphone. So a lot of work
is reduced by the Smartphone and it become faster
with enhanced battery life. The rest of the parts are
already installed in the Smartphone to communicate

6.	FUJITSU SERVER
High speed interconnecting facility equipped with
local disk or as a system with built-in capabilities.
Fujitsu server system prototype we are using in the
cloud because of high geared speed and flexibility
measured so far in simultaneous application. This has
been tested and proved that the hardware prototype
performs four times more than non-disk pool system.
The I/O throughput is increased at about 40% when
running actual applications.
Here system performance is measured in every
pico second. The next generation server which is
using Resource pool architecture (described in the
Fig. 3) [14].

Figure 3. Advanced Resource Pool Architecture.

Pooling or arranging of µ-processors, hard disk
drives (HDDs) are done for high performance, high
utilization and serviceability [15][16]. Figure 3 describes
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how resource pool works. The above resources are for
processing and storing of huge data inside a cloud
performs faster and quicker. Other hardware components
that comprise the ICT (Information and Communication
Technology) infrastructure, and connecting these resources
together using high-speed interconnects, high storage
capabilities are also needed. The ICT infrastructure
developed at its maximum (nearly 86% from 2001
and 2011) globally [17]. In the prototype version, the
CPU/HDD interconnects ran at a speed of 6 Gbps [18]
without any mutual interference.
As the data transfer rate of this server is very high,
that’s why it can handle variety of services. Those are
the reason behind proposing fujitsu server for the cloud
server. There are big numbers of servers with storage
devices are interconnected to provide cloud services
in data centers of a cloud provider. Developing ICT
infrastructure for Batch compute server, Application
on database server, Turning on applications in phases,
Complex timesharing server, Workloads that change
seasonally, Real-time applications, system utilization
etc [19] need high I/O performance or large-scale data
processing tasks that use the local disks of servers, as
well as for other services requiring a level of performance
that had been difficult to satisfy with configurations
geared toward traditional cloud systems.

6.1 Specification
The system uses a resolution of 600X800 pixels
speed of 400MHz. here storage is not specific; it
depends upon the cloud service provider companies
business needs, according to that the HDD pool is
created and maintained. Microsoft CE operating system
with remote application enabled.
The networking is done between servers by
using Infrared, Bluetooth and wireless LAN as it is
required.
Features of the newly developed technology are
as follows.
6.1	Pool Management Feature
In accordance with user requirements for CPUs,
HDDs and other needs, the pool management feature
allows for necessary resources to be allocated from
the pool, the deployment of OS and middleware
resources, and the on-demand provision of servers in
a required configuration.
Middleware that offers storage function using
servers apportioned from pool. Using server resources
from the pool, storage capabilities are delivered by
configuring the middleware, which controls HDD
management and data management functions. Whether
it is a server with multiple local disks tailored for
large-scale data processing tasks, or RAID functions
for improved data reliability, the system can be flexibly
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configured to meet performance and power consumption
requirements.
High-speed interconnect technology that connects
the disk pool comprised of multiple HDDs is connected
to the CPU pool via a high-speed interconnect disk
area network. The HDDs linked to the CPUs through
the disk area network have the same disk access
capabilities as the local disks in a typical server,
and their performance is not affected by other CPUs.
A disk area network was created using prototype
interconnects.
Fujitsu cloud services which provide a fully ﬂexible
model for IT infrastructure, platforms and applications,
allowing companies to match technology systems and
costs directly to changing business needs [20].

7.	COMMUNICATION STRATEGY
The communication strategy is described here as
hardware approach, application framework and data
transmission in detail.

Figure 4. Conventional and new physical IaaS (with Resource
Pool Architecture).

7.1	Hardware Approach
The Smartphone through the sorting client application
(SCA) sends the input file to the nearest access-point.
From the access point, the packet gets routed to the
service provider edge routers. After edge routers, the
packet gets routed to the core routers behind the internet
backbone and then to the data centers. The power
consumption of switches has been excluded as this
has not relevance with our topic. In most cases there
will be only a few number of them and their power
consumption in insignificant when considered [21].
Figure 5 depicts how CDroid device components
inside smartphone have some sort of basic smartphone
applications; the device collects information about
some user activities and behavior like phone calls,
sms send and receiver information, GPS co-ordinates
etc. The information (may include voice too) then
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send to the cloud side of the proposed system as a
piggyback to the user traffic.
Application Framework, Libraries, Android Runtime,
Kernel is used to communicate with the Smartphone
hardware.

7.2	The Application Framework
The application framework of CDroid device
includes IEEE 802.11 standard for WLAN which uses
Enhanced Data GSM Environment (EDGE). We use
EDGE protocol that is several times faster (around
236 Kbit/s or more) than the primeval General Packet
Radio Services (GPRS) speed at about 56Kbit/s based
on wireless fidelity.
The digital transmission method includes 3G
cell phone network protocols like Universal Mobile
Telecommunication Service (UMTS), Wideband CodeDivision Multiple Access (WCDMA), High-Speed
Downlink Packet Access (HSDPA) [22], and Evolution
Data Maximized (EV-DO) with Data and voice (EVDV) too. These technologies provide a maximum data
transfer speeds of up to 3 Mbps. it is easy to browse
full-fledged Web pages, watch streaming video, tune
into live TV or on-demand video programming, make
large in seconds, play 3D games, & much more. IP
connectivity of this technology is packet based.
A city or village is divided into several cells;
each cell is typically sized at about 10 square miles

Figure 5. Advanced System Architecture.

(26 square kilometers) i.e. the range of one mobile
tower. Cells are normally thought of as hexagons on
a big hexagonal grid. Each cell has a base station that
consists of a tower and a small building containing
the radio equipment. Base stations are often called
masts, towers or cell-sites; they follow the concept
of mesh topology.

7.3	Data Transmission
The data transmission of a Smartphone is between
0.6 watts to 3 watts; which is lesser than Citizen Band
Radios. The two non-adjacent cells can reuse the same
frequency. They fulfill the two requirements, first the
frequency will remain within the cell and secondly
the saving of phone batteries.
All base station (BS) within a cluster (A group of
adjacent cells) are connected to a Mobile Switching
Centre (MSC) using land lines. Each MSC of a cluster
is then connected to the MSC of other clusters and
a Public Switched Telephone Network (PSTN) main
switching centre. The MSC stores information about
the subscribers located within the cluster and is
responsible for directing calls to them. Each carrier
in each city also runs one central office called the
Mobile Telephone Switching Office (MTSO). This
office handles all of the phone connections to the
normal land-based phone system, and controls all of
the base stations in the region. The Components of
the base station include transceivers, which enable the
transmission and reception of radio signals through
the antennas, plus signal amplifiers, combiners, and
a system controller.
A Smartphone deals on digital data (the voice is
also converted into binary i.e. 0 and 1). Frequency
Shift Keying (FSK) uses two frequencies, one for
1s and the other for 0s, alternating rapidly between
the two to send digital information between the cell
tower and the phone. The CDroid device using
Frequency Division Multiple Access (FDMA) puts
all the binary data (including voice) on a separate
frequency. The frequency of cell phones, cordless
phones, and cell phone tower signals ranges between
800 and 2200 MHz. The frequency it considers is
Radio Frequency. Cell phone technology combines
the two great technologies named traditional telephone
and old radio technology [23].
The wireless spectrum which is a limited resource
used by cell phones can communicate on 1,664 channels
or more. In addition, cell phones Time Division Multiple
Access (TDMA) use a dual band. It assigns each call
a certain portion of time on a designated frequency.
This means that it can operate in between 800 MHz
to 1900 MHz (or around 2.2 GHz) bands. Clearly the
bandwidth, a cell phone uses is 1100-1200 MHz.
CDroid Server Components within cloud contains
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connection handler (secure) that handles the connection
with CDroid device to optimize users traffic caching
& pre-fetching; content compression is also done
here. The security issues must contain app, antiphishing, cookie handler, sensitive information blocker,
push notification handler and remote wiper. Mobile
advertisement blocker, push notification handler protects
users’ privacy. Synchronization handler, remote code
executor handles mobiles computations and loading
the data backup.
Code division multiple accesses (CDMA) [24] gives a
unique code to each call and spread it over the available
frequencies. Here we will use CDMA2000, which is of
three types namely CDMA2000 1x, CDMA2000 1xEVDO (First Evolution Data Optimized) and CDMA2000
1xEV-DV (First Evolution Data and Voice). For our
case it better to use CDMA2000 1xEV-DV where the
forward link it supports is 3.08 Mbps and a reverse link
nearly 1 Mbps [25]. The Cloud Radio Access Network
(RAN) will be use by the proposed system.
Fujitsu’s Business Smartphone F-04F can provide 3
days of battery life, but using the above architecture, it
can be extended up to 6 days which is quite surprising
in Smartphone produced nowadays.

8.

LIMITATION
The proposed system needs high speed internet
connectivity, which is another cons found in Android
based phones; failure of this could stop the Apps in
a Smartphone. The 4G technology is also available
and that can provide the better result.
9.	CONCLUSION
It also saves memory spaces as a part of different
apps shares cloud server. Also the fastest service should
be provided by the system. The proposed system will
be beneficial for the cloud computing service providers
like Amazon web services, Rackspace, CenturyLink/
Savvis, Salesforce.com, Verizon/Terremark, Joyent,
Microsoft, Google, IBM, Sales force etc. It will
increase their business volume and quality of service.
This theoretical approach can be making a practical
one if we get proper guidance and funding for welfare
of humankind.

fu"d"kZ
;g fofHkUu ,Il Hkks;lZ DykmM loZj ds ,d fgLls ds :i
esa eseksjh fjDr LFkku dks cpkrk gSA blds vykok iz.kkyh }kjk
lcls rst lsok miyC/k djk;h tk,sxhA izLrkfor iz.kkyh vestu
osc lsokvksa] jSDLisl] lsUPkqjh fyaDl@lsfOol] lsYlQkslZ MkWVdke]
osjhtksu@VsjhekdZ] tks;saV] ekbØkslkW¶V] xwxy] vkbZch,e] lsYk
QkslZ vkfn dh rjg DykmM DEI;wfVax lsok iznkrkvksa ds fy, Hkh
Qk;nsean gksxhA blls muds dkjksckj vkSj lsok dh xq.koŸkkvksa
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esa Hkh o`f) gksxhA ;fn gesa ekuotkfr ds dY;k.k ds fy, mfpr
ekxZn. kZu vkSj /ku fey ldrk gS rks ;g lS)kfUrd n`f’Vdks.k
O;ogkfjd cu ldrk gSAA
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lkjka”k
;g “kks/ki= laof/kZr okLrfodrk ¼,vkj½ ds vkxeu dh ppkZ djrk gS tks ges”kk ,d mHkjrh vkSj mUur gksrh
rduhd gSA ,vkj esa] ge ,d VscysV ;k p”es ¼vkbZXykl½ tSls varjQyd ds ek/;e ls HkkSfrd nqfu;k dk okLrfod
le; –”; ns[krs gSa vkSj fp=ksa dks ofnZ~/kr vkHkklh MsVk ;k ohfM;ks] fp=e; Nfo;ksa] /ofu tSlh tkudkjh ds lkFk
mUur fd;k tkrk gSA ,vkj çkS|ksfxdh ,d O;fä tks ns[krk gS mldh okLrfodrk dh orZeku le> esa foLrkj
djus dk dke djrh gSA ,vkj dks okLrfod le; esa vkSj vlyh i;kZoj.k ds ?kVdksa ds lkFk çklafxd tkudkjh
ds rqY;dkyu }kjk cuk;k x;k gS] tSls fd fdlh eSp ds lekukarj Vhoh ij ml eSp dk LdksjdkMZ çnf”kZr fd;k
tkrk gSA laof/kZr okLrfodrk çkS|ksfxdh ds mi;ksx }kjk] okLrfod nqfu;k ijLij lfØ; vkSj lwpukRed gks tkrh
gSA ,vkj udyh tkudkjh dks vlyh nqfu;k esa i;kZoj.k ij Nk tkus dh vuqefr nsrk gSA ,d çkS|ksfxdh ftlds
lkFk mi;ksxdrkZ }kjk ,d rUe;rk] tkudkjhiw.kZ vkSj blls Hkh vf/kd egRoiw.kZ] ,d okLrfod nqfu;k ds okrkoj.k
dk vuqHko fd;k tk ldrk gS&,vkj ,slk dj ldrk gS!
Abstract
This paper discusses the advent of augmented reality (AR) which is an ever emerging and improving
technology. In AR, we see the real time view of the physical world through an interface like a tablet
or eyeglass and that image gets enhanced with added virtual data or information like video, graphical
images, sound etc. AR technology works by expanding a person’s current understanding of the reality
he sees. AR is created in real time and synchronising relevant information with the components of the
real environment, such as displaying of match’s scorecard live on the TV parallel to that match. By the
use of AR technology, the real world becomes interactive and informative. The AR allows simulated
information to get overlapped on the real world environment. A technology with which an immersive,
informative and more importantly, a real world environment can be experienced by the user – this is
what AR can do!
Keywords: Augmented reality, eyeglass, global positioning systems, virtual world

1.

INTRODUCTION
Augmented reality (AR) is the mixing up of two
worlds. The one we live in aka the real world and
the other being the virtual world.
The AR is the overlaying of the virtual data or
information over the real world. It is not the regular
virtual world environment which one gets to experience
only in a computer simulation known as virtual reality.
The AR is much more beyond that. It is the future,
it can be considered as the most awaited technology
which the people of today have been waiting for.
The AR strategically adds information to a real
world entity which one is seeing. The perception of a

viewer about a thing gets enhanced colossally. A thing
about which the user didn’t have any idea, using AR
suddenly makes him feel smarter as he gets to know
about the additional information which others may
not get to know about. This is what AR does. The
power of the AR can be more precisely understood
by considering a simple example.
Imagine a device with which user looks at something,
it shows information about whatever you point it at.
Focus on a hotel, and a display pops up giving a menu
and customer reviews, look at a monument or any other
building, and you get to know by whom and when it
was built. These are the type of potentialities afforded
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by the technology of augmented reality. Given a real
subject, captured on video or camera, the technology
‘augments’ (= the action of adding to something in
order to make it more substantial) that real-world
image with added layers of digital information.

2.	TECHNOLOGY
2.1	Hardware
The hardware components used for AR are: Processing
units, displays, input devices, and sensors. Modern mobile
devices such as smartphones and tablets have special
elements built in such as a camera and devices such as
global positioning systems (GPS), accelerometers, compass,
etc., which makes them suitable AR platforms.
2.2 Spatial Displays
Spatial augmented reality (or SAR) augments
data objects and real world entity without using any
physical AR display devices like tablets, eyetaps, head
mounted displays, etc. Main difference between AR and
SAR is that the former uses physical displays but the
later uses laser displays on skin or a desk and Skinput
technology for taking inputs. The technologies which
are used for SAR are known as spatial displays such
as mobile projectors and smart projectors.
Some applications of SAR include AR Hand
Phone with AR keypad and AR keyboard. The AR
Hand Phone allows the user to call a friend using an
AR keypad without removing their cell phone from
their pocket or purse.
The AR Keyboard takes the place of a physical
computer keyboard. Since a physical display is not used
but an alternate spatial display’s use makes it more
exciting and interesting for the person using it.
A spatial display provides flexibility for the user.
He can see the display as per his convenience. Spatial
displays are not only just simple visible displays but
SAR has support for haptic sensations too. Thus, input
can be read from these passive haptic inputs.
2.3 	Eyeglasses
The AR display can be projected onto devices
which are similar to eyeglasses and hence the name.
The virtual information related to the physical world
is projected on the eyeglasses with the help of small
projection devices after the real image is captured by
a camera and converted into the AR view.
2.4 	Virtual-Retinal Displays
Virtual-retinal displays (or simply VRDs) are
special displaying devices with which a raster image’s
direct projection onto the user’s retina is done in a
way which makes it look like to a normal vision to
the user. These are also known as retinal projectors
or retinal scan displays.

2.5 	Head Mounting Displays (HMDs)
An HMD is a displaying device coupled to a
headset like a helmet or a head harness. A headmounting display (or HMD) puts the real and simulated
world images on the view field of a user. The HMD
makes sure that the device shows correct images as
per user’s movements of the real world by using a
special technique known as 6 Degree of Freedom
(DOF). The HM displays an amazing and enlightening
experience of the real world through them.
2.6	Head-up Displays (HUDs)
Head-up displays (HUDs) are the devices which
can apply AR on only part of one’s view field. For
example, Google glass (a HUD) are created to provide
an experience of AR technology to its users.
Several alternate devices have come up post
Google Glass.
2.7	Handheld Displays
The first major success of AR technology’s usage
commercially can be given to the handheld displays.
The major features of these devices are:
• Portability of these devices.
• Availability of great quality of camera in them.
These displays use small screens which and can be
easily carried anywhere by the user. Every handheld
device AR apps created till now choose the video
see-through. Earlier, the handheld AR used to employ
fiduciary markers, but now MEMS (such as digital
compasses and gyroscopes) and GPS sensors have
been employed. Nowadays, the SLAM markerless
trackers like PTAM have been started to be made in
use. The main drawbacks are:
• Users have to always hold the device in their hands,
• Smaller view area of handheld displays because of
camera restrictions as compared to the physical view.
The modern day tablets, tablet-PCs, smartphones,
etc., are the examples of the handheld displays.
2.8 AR Contact Lens
The AR-based contact lens have been a revolutionary
stepping stone. These lenses have ICs, light emitting
diodes, and antennae for communication purpose. Their
functioning is somewhat similar to the Google Glass
but with a slight variation that the micro-projection
of data is done on the retina. Simultaneously, the real
world image is also passed on the retina through a
special filter. Thus, both images merge seamlessly
looking like one to the viewer.
2.9	Tracking
Mobile AR technology-based devices use several
tracking methodologies which are:
• Accelerometers
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•	Gyroscopes
•	GPS
• Digital cameras or similar optical sensors
• Wireless sensors
• Radio frequency IDs (RFIDs), and
• Solid state compasses
These methodologies can provide variable levels
of precision and accuracy. In tracking, the main thing
in focus is the orientation and position of viewer’s
head or display used.For correct images creation, 6
DOF interacting method is used.

2.10 Input Devices
The input device methods include the usage of
styluses, data gloves, or other body wearable device
which can decode the user input and fed it to the
computer for processing purposes. After processing
the input received using these devices, the output
or the augmented view is shown to the user. Voicerecognition systems are also used as input devices
and these provide voice inputs in the system.
2.11 Computer
The computer is a very essential and important
part of the realisation of AR technology. The input
given by the user is processed and desired augmented
output is generated and send over to the display
devices by it.
2.12 AR Technology Software Development
Kits
One of the major features of AR technology is
how well the real world environment and data are
aligned together in the augmented view.
Major functioning of the AR software includes
detection of the user ’s place using the GPS and
comparing the images sent by the camera and compare
it with the database. After that, images are aligned
with relevant data information. The toughest task is
done at the end. This task is the aligning of data and
the real world images.
To push start the speedy development of AR apps,
several software development kits (or SDKs) have
come up 16. These SDKs have been developed which are
based on augmented reality markup language (ARML
is an open standard for AR technology and based on
XML) given in open geospatial consortium (OGC).
These SDKs make use of cloud computing for
improving the performance. Some popular AR technology
SDKs are: MetaIO mobile SDK, Qualcomm’s VuforiaSDK, Wikitude’s SDK and layar SDK.
The SDK offers developers the creative freedom
to build unique experiences that reflect brands and
drive business results ensuring reliable experiences in a
variety of surroundings. The games and apps for popular
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mobile OS platforms like android, iOS, windowsphone
OS, etc., can be made using these SDKs. The SDKs
provide development using popular app development
methods like Eclipse, Unity cross platform games,
XCode and a few more. The games and applications
created by using these SDKs can identify a range
of real-life objects like product packaging, books,
magazines, toys, architectural buildings, sportspersons
and so on!

3. AUGMENTED REALITY APPLICATIONS
3.1	Tourism and Exploring Related
Using AR-based applications, a user can get the
additional information related to the places he is
visiting and have more insight to that place. These
applications can be used by travellers to get an
experience of simulated places, objects and historical
events by imparting them in the user’s current view
space 3-5. These apps can also provide the information
of the places by dedicated audios combined with
that place just by pointing on it. Several AR-based
browsers and other apps are available on the android
and iOS stores which realize these tasks. By using AR
technology, Nokia’s city lens (an app on the Windows
phone store) provides great user experience and make
the lives of users and travellers much easier in a
foreign place by showing the information about the
place on which we point through the app.
3.2 Gaming
Using AR technology, many games have been
created. In AR based games, gamers get to experience
digitised gaming experience overlaid onto the real world.
This has made the possibilities of motion detection
consoles of Wii and Play Stations 6. Some of the games
based on AR are: AR Basketball, AR Defender 2 which
provide the users with enriched gaming experience
simulated over their own real world.
3.3 Art
Differently abled persons can now create art by
using eye movements and its detection and its projection
on an AR monitor 7 . Also, AR technology can be
used to increase the user experience by creating an
augmented environment for the viewer of a drawing.
Additional colours or projections can be added in a
drawing’s augmented view by the use of AR.F
3.4 Architecture
The AR can support conceptualising building
project works. Using AR, a system generated view can
be seen over the architectural map of a building using
which the look of a building can be seen before it is
actually realised. The 2D drawings can be animated to
3D by the designers using AR. The AR applications
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can be used to view inside the buildings which helps
users to get a virtual see through inside the building
without actually going in the building 9.

3.5 Medical Field
The AR can provide the surgeon with otherwise
unrevealed information like showing the condition of
the organ of patient, blood pressure, and heartbeat
rate, etc. An example is virtual X-Ray with which
foetus in mother’s womb can be seen more clearly by
using a mixture of pre-tomography images or real-time
ultrasound images mixed with confocal microscopy
analysis 10. The patients using a google glass can be
prompted about the medicines they have to take 11.
3.6 Military
The AR can be useful during wars. It can be used
as a real time battle’s data renderer onto the soldier’s
eye gear to help him know about the potential threats.
A camera to produce 360° vision of the battle area can
be used to render battlefield on the soldier’s eye gear
to help him in navigating in the battlefield, and these
can also be retransmitted to control area in the base
stations from where the officials can have an insight
about the battle and guide the soldiers 12.
3.7 Sports
Use of AR has become a common part in today’s
sports broadcast. The overlaying of scorecard on the
screen along with the footage of the match has become
a common practice in all kind of sports. In cricket,
not only the score but the display of a cricketer’s
stats are shown when needed. Whether the showcasing
of the player’s wagon wheel of scoring areas during
a match or displaying the projectile followed by the
ball during a six on TV, all have been made possible
by the use of AR.
The advertisements overlaid along with the
playing field during a sports telecast are done using
AR technology. During the telecast of swimming
competitions, lines showing world records and game
records are displayed to let the viewer get the idea
about the swimmer’s performance. Of course, the
swimmer’s timings are also displayed. Some more
examples are tracking a racer’s performance during
a race and tracing the puck’s movements during an
ice hockey match 13,14.
3.8 Translation
Spoken words can be translated and displayed.
The foreign writing on signboards and menu-cards
in a user’s AR view (via an AR device) can be redisplayed in the user’s native or familiar language
after being changed by the AR system 16.

4. 	CONCLuSIONs
After discussing the features of AR technology
we can comprehend why it is such an exciting area.
The perception of reality increases from simply being
just ‘what we see’ to a more informative ‘what we
understand’ - a major transformation. The people get
to realize the importance of what is surrounding them
using AR. Augmented reality based apps are slowly
becoming the ultimate interface as we are getting
closer to the mobility. The major issues related to the
AR implementation are the aligning of data with the
visuals. Of course, a lot of research related to this has
made it more prominent today. The full potential of
AR technology can only be extracted by development
of AR supporting devices.
With creation of AR supporting SDKs, the developers
get more resources to create amazing apps and games
which make use of such an incredible technology.The
future of AR is getting brighter and it will surely
be the quintessential part of future applications of
important mobile platforms whether Windows phone
OS, iOS or Android!

fu’d’kZ
,vkj çkS|ksfxdh dh fo”ks’krkvksa ij ppkZ ds ckn ge
le> ldrs gSa fd ;g bruk jksekapd {ks= D;ksa gSA lk/kkj.k
rkSj ij ^ge tks ns[krs gSa* ls vf/kd lwpukRed ^ge tks
le>rs gSa* ,d cM+k ifjorZu gS& ftlls okLrfodrk dh vo/
kkj.kk c<+ tkrh gSA yksx dks blds egRo dk ,glkl gksus
yxrk gS] tks ,vkj dk mi;ksx dj mUgsa vklikl gks jgk gSA
tSls&tSls ge xfr”khyrk ds djhc gks jgs gSa] laof/kZr okLrfodrk vk/kkfjr vuqiz;ksx /khjs&/khjs eq[; baVjQsl gksrs tk
jgs gSaA –”;ksa ds lkFk MsVk dk lajs[k.k ,vkj dk;kZUo;u ls
lacaf/kr çeq[k eqík gSA cs”kd] bl ls lacaf/kr dkQh vuqla/kku
us vkt bls vf/kd egRoiw.kZ cuk fn;k gSA dsoy ,vkj leFkZu
midj.kksa ds fodkl }kjk gh ,vkj çkS|ksfxdh dh iwjh {kerk dk
nksgu fd;k tk ldrk gSA
,vkj dk leFkZu djus okys ,lMhds,l ds fuekZ.k ds lkFk]
MsoyilZ dks vn~Hkqr ,fIyds’ku vkSj [ksy cukus ds fy, vkSj
vf/kd lalk/ku feyrs gSa tks bl çdkj dh ,d vfo”oluh;
çkS|ksfxdh dk mi;ksx dj ldrs gSaA ,vkj dk Hkfo’;
mTtoy gks jgk gS vkSj ;g fuf”pr :i ls foaMkst Qksu vks,l]
vkbZvks,l ;k ,aMª‚;M gj çdkj ds egRoiw.kZ eksckby IysVQkeksaZ
ds Hkfo’; ds vuqç;ksxksa dk ,d loksZR—’V fgLlk gks tk,xk!
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lkjka”k
tSlkfd 21oha lnh v‚uykbu ,Il] l'kä lks'ky usVofdaZx lkbVksa] DykmM dEI;wfVax] vfrrhoz ihlh vkSj vU;
;qfä;ksa ds lwpuk çkS|ksfxdh fodkl ds {ks= esa rduhdh mUufr dh lk{kh jghA fdarq] ;g rduhdh ;qx fofHkUu
gkfudj fofdj.k vkSj fo"kkä inkFkZ Hkh ysdj vk;k gS ftUgksaus fofHkUu tho Lo:iksa ij çfrdwy çHkko Mkyk gS] blus
i;kZoj.kfon~ vkSj lwpuk çkS|ksfxdh çksQs'kuy dks ekuo laca/kh fo"k;ksa esa bl mUufr dks ykus ds fy, ck/; fd;k
gS vkSj blfy, xzhu dEI;wfVax dh vo/kkj.kk dks çLrqr fd;k gSA xzhu dEI;wfVax dEI;wVj lalk/kuksa dk dq'kyrk ls
ç;ksx djus dk v/;;u vkSj i)fr gSAvr%] ge dg ldrs gSa fd xzhu dEI;wfVax xzhu jlk;u dh rjg gS] bl
i= esa lwpuk çkS|ksfxdh ds fofHkUu ?kVdksa vkSj dSls os i;kZoj.k dks gkfu igqapk jgs gSa vkSj bl leL;k ls yM+us
ds fofHkUu oSdfYid lek/kkuksa ij fopkj 'kkfey gSA
Abstract
As the 21st century marked the technical advancement in feilds of information technology (IT)
development of online apps, stong social networking sites, cloud computing, building ultrafast PCs,
and other gadgets. But this technical era has introduced many harmful radiations and toxins which
have adversely affected various live forms. This has forced the environmentalist and IT professionals
to bring this advancement to human concern, and hence, introduced the concept of green computing.
Green computing is the study and practice of using computer resources efficiently. Thus, we can say
green computing is like green chemistry. This paper includes various components of IT and how these
are harming environment and suggesting alternate solutions to combat this problem.
Kewords: Green computing, computer hardware

1.

Introduction
Green computing is the study and practice of
designing, manufacturing, using and disposing of
computers, servers and associated subsystem effectively
and efficiently.
At one side where it focus on environment
sustainibilty, at the other side. It strives to acheive economic
viability and improved system performance.
Now this computation is the most burning issue
of 21 st century. As for decades, mechanical engineers
worked on substituted fuels for driving vehicles and
to reduce pollution emmision but now IT experts have
been also working upon some alternates to substitute
this hazardous technological trend as the following
study shocked everyone.
An average CO 2 emission of a car ~= 200 g / km.

Assume that you drive 10000 km/yr = 2.000.000 gr
CO 2/year = 2000 kg/yr. A single Dell (according to
the study by msdn.microsoft.com PowerEdge M600
blade) server consumes an average of 383.75 W when
idle and 454.39 W under stress. It also produce 3500
kg CO 2/yr.
1 Dell server ~= 2 car (!!!)
The 3 main components of IT are:
•
Hardware
•
Software
•
Networks
These components are contributing towards emmision
of CO 2, harmful radiation and pollutants.

2.	HARDWARE
Toxins released by hardware overheating or
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Table 1. Health Effects of e-waste constituate health hazards

body where fluid movement is less.
this effect is more pronounced in solid organs of our
susceptible to damage by electromagnetic waves and
Since human body has 60% water it is more
3.1	Biological Effects of Microwave Radiation

decomposition are lethal. They are now termed as
e-waste.“E-Waste” is a term use to cover all types of
Electical and electronic equipments (EEE). The hazardous
contents of computer,VCR,Cellphoens, and Batteries
can be harm to ecosystem.The change in technology
from Nokia 110 to Galaxy S5, from telegram to emails
to whatsapp, from smartphones to lightening pcs to
G.P.S its hard to imagine life without technology we
are well aware of new technology but what about
disposal of previous ones. There is a table showing
how effects of E-Waste constituents on health.Waste
minimizing in industries involves adapting;
•
Inventory management
•
Production process management
• 	Volume reduction
•
Recovery and reuse

3.2 Risk to Pregnant Women
The foetus inside mothers womb is more susceptible
to damage by EM waves owing to repeated exposure
during pregnancy period and since foetus is very small
it is at risk of suffering from harmful effects of these
waves as foetus is growing and its cells are dividing
and these radiations are harmful for dividing cells .

3.	NETWORKS
The media used to link devices to form a computer
network include electrical cable, optical fiber, and radio
waves. A widely adopted family of communication
media used in local area network (LAN) technology
is collectively known as ethernet. Ethernet transmit
data over both copper and fiber cables. Wireless LAN
standards use radio waves, or others use infrared signals
as a transmission medium. Power line communication
uses a building's power cabling to transmit data. But
the question is are they safe.the research conducted.
The wireless networks affect in following ways.

3.5 Interference with other Gadgets Including
Pacemakers
Individual with pace maker implanted are vulnerable
to harmful effects mobile radiation and thus these
cellphones should be avoided inside operation theaters
and ICU’s.
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3.3	Calcium Ion Release from Cell Membrane
These radiations cause wear and tear of cell
membranes because of their harmfull effect on calcium
ion.
3.4	DNA Damage
these radiations cause single and double strand breaks
in DNA molecule and hence cause mutations.

4.

SOFTWARE
The use certain sites or softwares putting great
load to CPU accelerating energy consumption and
simultaneous CO 2 emmision. Study is conducted on
Intel(R) Core(TM) DUO CPU T5870.

Rai : Green Computing

Figure 1. Loading of facebook page puts 59% CPU usage.

Figure 2. Loading of google page puts CPU usage to 65%.

Figure 3. Buffering A video on Youtube puts CPU usage to
73%.

To reduce this we have to develop simple algos
which reduce program complexity and in return put
CPU to less pressure.
Cache is there to reduce the no. of items so the
CPU would stall waiting for memory request memory
request.

4.1 Certain Norms for Algo Design
Techniques for avoiding suffering from memory
fetch latency is typically the first thing to consider,
and sometimes helps a long way. The limited memory

bandwidth is also a limiting factor, particularly for
multicores and multithreaded applications where many
threads wants to use the memory bus. A different set
of techniques help addressing the latter issue.
Improving spatial locality means that you ensure
that each cache line is used in full once it has been
mapped to a cache. When we have looked at various
standard benchmarks, we have seen that a surprising
large fraction of those fail to use 100% of the fetched
cache lines before the cache lines are evicted.
Improving cache line utilization helps in three
respects:
1. It tends to fit more useful data in the cache,
essentially increasing the effective cache size.
2. It tends to fit more useful data in the same cache
line, increasing the likelyhood that requested data
can be found in the cache.
3. It reduces the memory bandwidth requirements,
as there will be fewer fetches.

4.2 Common Techniques
•
Use smaller data types
•
Sort your struct members by decreasing size in one
way so it doesn’t introduces allignment holes.
•
Avoid standard dynamic allocations as it introduces
allignment holes.
•
Favour linear datastructures as they have regular
access patterns.
•
we should also note that there are other ways to
hide memory latency than using caches.
•
Modern CPUs often have one or more hardware
prefetchers. They train on the misses in a cache
and try to spot regularities. For instance, after
a few misses to subsequent cache lines, the hw
prefetcher will start fetching cache lines into
the cache, anticipating the application's needs. If
you have a regular access pattern, the hardware
prefetcher is usually doing a very good job. And
if your program doesn't display regular access
patterns, you may improve things by adding prefetch
instructions yourself. Regrouping instructions
in such a way that those that always miss in
the cache occur close to each other, the CPU
can sometimes overlap these fetches so that the
application only sustain one latency hit (Memory
level parallelism).
•
To reduce the overall memory bus pressure, we
should apply the concept of temporal locality.
This means that you have to reuse data while it
still hasn't been evicted from the cache.
Now seeing all the possible to all disasterous
outcome of of our technical leisure we can’t sit still
now following approaches are very necessary
a) Process of virtualisation-its the process of running
2 or morelogical computer system using one set
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of physical hardware.
b) eficient storage devices- i.e. Having prolong battery
life,reduced cooling requirment reduced noise
c) Power management-issueing and using 80 plus
voluntry certificate by manufacturers of power
supply.
d)	Machine recycling- to recycle old hardwares to
produce new cheap ones
And hence reduce the e-waste generation.

5.	CONCLUSION
Green Computing is a parallelism between
environment sustainability and economic viability,
though the various suggested methods for reducing
the complexity of system may took year’s to achieve
but as an aware individual we should follow process
of virtualisation, efficient storage techniques, wired
networking, use power efficient products and start
reusing and recycling our old hardware parts various
centres of e waste recycling has been opened in
different parts of India but need of time is that we
should start utilizing these centers.
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fu’d’kZ
xzhu dEI;wfVax i;kZoj.k oguh;rk vkSj vkfFkZd O;ogk;Zrk
ds chp ,d lekukarj laca/k gS] ;|fi ç.kkyh dh tfVyrk dks
de djus ds fy, lq>k, x, fofHkUu rjhdksa esa y{; çkfIr esa
o"kksaZ dk le; yx ldrk gS] ysfdu ,d ltx O;fä ds :i
esa gesa vkHkklhdj.k] dq'ky HkaMkj.k rduhdksa] rkjc) usVofdaZx
dh çfØ;kvksa dk ikyu djuk pkfg,] fo|qr n{krk okys mRiknksa
dk mi;ksx djuk pkfg, vkSj vius iqjkus gkMZos;j iqtksaZ dk
iqu%mi;ksx vkSj iqupZØ.k çkjaHk djuk pkfg,A Hkkjr ds fofHkUu
fgLlksa esa bZ&vif'k"V inkFkksaZ ds iqupZØ.k ds fy, fofHkUu dsUæ
[kksys x, gSa ysfdu le; dh ekax gS fd ge bu dsUæksa dk
mi;ksx djuk çkjaHk djsaA
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lkjka”k
fu/kkZj.k v‚ijsfVax flLVe dk lcls egRoiw.kZ dk;Z gSA lHkh lalk/kuksa dk lcls vPNk mi;ksx ds fy, mi;ksx
djus ls igys fu/kkZfjr fd;k tkuk pkfg,A ,d gh dke gS rks ge vuqlwpd dh t:jr ugha gS] ysfdu okLrfod
le; ifj–”; esa ;g laHko ugha gSA rks] vuqlwpd orZeku le; esa okaNuh; gSA fdlh Hkh vuqlwpd ds eq[; dk;Z
lcls dq”ky vkSj fo”oluh; lalk/ku ds fy, jkstxkj ds volj çLrqr djus ds fy, gSA ;g Hkh jkstxkj ds volj
vkSj lalk/kuksa ds çHkkoh :i ls fu/kkZfjr ugha dj jgs gSa rks ;g dkQh iwjs v‚ijsfVax flLVe n{krk uhpk fn[kkuk
gksxk fd rF;ksa esa ls ,d gSA bl i= esa ge fofHkUu le;c)u ,YxksfjFe dk v/;;u djus vkSj vHkh Hkh le;&
fu/kkZj.k esa ekStwn gSa] tks fofHkUu pqukSfr;ksa dk irk yxkukA
Abstract
Scheduling is the most important function of operating system. All resources must be scheduled
before use for best utilization. If there is a single job then we don’t need scheduler but in real time
scenario it is not possible. So, scheduler is desirable in the present time. The main task of any scheduler
is to submit the jobs to most efficient and reliable resource. It is also one of the facts that if jobs and
resources are not scheduled effectively then it will degrade the whole operating system efficiency
drastically. In this paper are found the various scheduling algorithm have been studied and the various
challenges which still exist in scheduling.
Keywords: Scheduling, resources, jobs, scheduler

1.

Introduction
In operating system,scheduling is a basic function,
since almost all computer resources are scheduled before
use. It involves the allocation of resources and time to
process or tasks in such a way that certain performance
requirements are met. In a multiprogramming, computer
has multiple processes and they are competing for the
CPU at the same time. So, a choice has to be made
which process to run next which is done by scheduler.
Whenever the CPU becomes idle, it is the job of the
CPU scheduler to select another process from the ready
queue to run next. A scheduler executes the process with
the help of scheduling algorithms. Thus its scheduling
algorithm is heart of the OS design. A CPU scheduler
is the part of an operating system and responsible
for arbitrating access to the CPU 1. The scheduler is
mainly concerned with throughput, turnaround time,
response time, fairness, waiting time etc 2. The key to
multiprogramming is scheduling. scheduling of CPU
is one of the critical factors that affect the efficiency.

Scheduling of CPU resource has many ways by which
it can be scheduled like FCFS, Round Robin, SJF,
priority scheduling. Scheduling a CPU which has
different types of processes, which are required to run,
can be scheduled using multilevel queue and multilevel
feedback CPU scheduling techniques. Multilevel queue
scheduling is of much importance and is widely used
for scheduling of jobs in a processor.

Figure 1. Scheduling behaviour.
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2.	RELATED WORK
Many researchers have been proposed various
methods to compare the scheduling policies in operating
system. The basic thing which is common in all of
work related to comparison of scheduling policies is
that they have calculated average waiting time on some
input based parameters. As waiting time is directly
dependent on the turnaround time and turnaround time
is on execution time, so if turnaround time is high
then waiting time is also high and average waiting
time also.
It is better to have less turnaround time. SJF tries
to have lowest execution time first. Pushpraj Singh,
Vinod Singh, Anjani Pandey 3, showed that how SJF
is better than all other scheduling algorithms. For
every process, average waiting time is lower for SJF
and higher for other scheduling algorithms. They also
recommended that any kind of simulation for any
CPU scheduling algorithm has limited accuracy. The
only way to evaluate a scheduling algorithm to code
it and has to put it in the operating system, only then
a proper working capability of the algorithm can be
measured in real time systems.
The very advantageous thing in scheduling can be
if we can minimize/optimize the average waiting time.
Vikas Gaba, Anshu Prashar 4, showed waiting time in
genetic algorithm is less than even SJF and genetic
algorithm is one of the better function optimization
methods. This paper introduced the one new algorithm
i.e., genetic algorithm and making a comparison of
it with SJF and FCFS scheduling algorithms based
on the average waiting time of these algorithms at
different number of iterations.
It can also be possible that a process may demand
for more I/O than the CPU. So, we need an efficient
scheduling to compensate CPU process with I/O
process. Fo r this, Sanjaya Kumar Panda, Debasis
Dash, Jitendra Kumar Rout 5, proposed group-based
time quanta (GBTQ) algorithm, which shows less
waiting time than SJF. A GBTQ is proposed in this
algorithm. Each group has different time quanta.
This algorithm can extend to I/ O processes. It also
reduces starvation as well as context switching (CS).
Selection of time quanta in Round Robin (RR) plays
a very big role in deciding average waiting time.
If time quanta is extremely large, the RR policy is
same as FCFS policy. If time quanta is extremely
small, the RR approach is called processor sharing
and creates the appearance that each of n process has
its own processor running at 1/n the speed of real
processor 8. So, the selection of time quanta can be
made easy by choosing dynamic time quantum. For
this, Abbas Noon, Ali Kalakech, Seifedine Kadry 6
proposed propose a new algorithm, called AN, based
on a new approach called dynamic-time-quantum; the
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idea of this approach is to make the operating systems
adjusts the time quantum according to the burst time
of the set of waiting processes in the ready queue.
They also showed that this algorithm increases the
performance of RR and stability of the operating
system and supports building of a self-adaptation
operating system, which means that the system is
who will adapt itself to the requirements of the user
and not vice versa.

3.

SCHEDULING ALGORITHMS
When more than one process is ready, the operating
system must then use a CPU scheduling algorithm
to decide which one is to run first and for how
long. Modern operating systems are moving towards
multitasking environments which mainly depends on
the CPU scheduling algorithm since the CPU is the
most effective or essential part of the computer. There
are various scheduling algorithms. A basic explanation
of scheduling theorems on which we had worked:
3.1 First-Come-First-Served (FCFS)
It is the simplest scheduling algorithm, it simply
queues processes in the order that they arrive in the
ready queue. The process which arrives first in ready
queue is served first. It is a non-preemptive scheduling
algorithm. It means processor cannot release the process
before its execution is over. The FCFS scheduling is
fair in the formal sense or human sense of fairness
but it is unfair in the sense that long jobs make short
jobs wait and unimportant jobs make important jobs
wait 7,8.
3.2 Shortest Job First (SJF)
The algorithm gives priority to shortest process
available in ready queue.It works under the two schemes
(preemptive and non-preemptive). The main problem
with this discipline is the necessity of the previous
knowledge about the time required for a process to
complete. The process which has high burst Time
(BT) has to suffer most in this algorithm. This type
of suffering is called as ‘aging’.
3.3 Round Robin (RR)
Scheduling is the based on time sharing concept.
It is basically the combination of first come first
served (FCFS) scheduling algorithm and preemption
among processes. To implement the RR scheduling, we
keep the ready queue as FIFO queue of processes.
As new process arrives, it will be inserted in to
the tail of the ready queue.
3.3 Min-Min
Min-min algorithm finds the task which has
minimum execution time and assigns the task to the
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resource that produces minimum completion time. The
Min–min scheduling algorithm chooses the smaller
task first. Min–min scheduling prefers the minimum
completion time. Main drawback of this algorithm is
unbalanced load.

3.4	Max-Min
The Max-min scheduling algorithm is similar to
Min-min scheduling algorithm but it schedules the
larger task first. Min-min and Max-min are used for
small scale distributed system. Thus, Max-Min would
try to schedule at the same time all the short jobs and
the longest ones while Min-Min would schedule first
the shortest jobs and after that the longest ones.
3.5	Min-Max
Min-max heuristic has two steps for assigning
jobs to machines. In first step, similar to min-min
method, completion time of all unassigned tasks (1
≤ j ≤ n) on all the available machines (1 ≤ i ≤ m)
is used to calculate the minimum completion time
(MCTi) of task Ti on machine Mi*. In the second
step for all tasks ratio of minimum execution time
(time to execute on fastest machine) to its execution
time on selected machine Mi* is computed and the
task which has maximum value pf it is selected for
assignment.
3.6	Comparisons of Algorithms
FCFS scheduling algorithm is very easy to understand
and it is particularly troublesome for time-sharing
systems, where each user get a share of CPU at
regular intervals. So, it is very unfavorable to allow
one process to keep the CPU for long period. The
SJF scheduling algorithm is to serve all types of job
with optimum scheduling criteria. The process with
less execution time is served first and the process with
highest execution time is not served at all which gives
minimum average waiting time and average turnaround
time. But, it cannot be implemented at the level of
short-term CPU scheduling. The Round Robin (RR)
scheduling algorithm found as most widely adopted
algorithm which may sometimes go under severe
problems directly related to quantum size. The main
point is that RR is more responsive than shortest job
first (SJF). So, for large number of jobs, SJF gives
better average waiting time than other. For small no
of jobs, there is race between FCFS & SJF but still
SJF is better.
4	CHALLENGES IN SCHEDULING
4.1 Type of Job
When the process is allocated to CPU, Scheduling
of processes starts. At present, long term scheduler
simply takes the job in ready queue & short term

scheduler selects the job from ready queue & finally
jo b is given to CPU. But the current challenge is

that before entertaining to any job by scheduler,
it doesn’t look for the type of job it is. Basically,
there are two types of job. One is computational
intensive and other is communication intensive. If
the job is communication intensive then it would
require higher bandwidth for the transfer of data
and if it is computation intensive then it would
require higher CPU speed. The computational jobs
are the jobs that require processing time more than
communication time. However, communicative jobs
are the jobs that require communication time more
than processing time. In computational intensive,
job considers execution time for processing and
it also takes more power.
4.2 Reliability
The primary concern in systems is of security
and resources. A proper safety mechanism is
required for grid resources, because if resource is
affected by virus or some malicious code then it
will not execute the application safely and degrades
the performance of the system 9. The reliability
factor (RF) value of each system is calculated
through its self-protection capability and reputation
weightage obtained from user community on its
past behaviour.
4.3 Location Dependency
In our distributed operating system, communication
jobs should be submitted at nearby location. By this,
there would be no network congestion problem and
packet delay has dropped to considerable rate which
results in low traffic. If communication jobs are to
be submitted at very far location from system then
it would make network congestion problem. In this,
network problem increases and also increase the
failure rates.
5.	CONCLUSIONs
In this paper, we have studied the Scheduling
algorithms & find the challenges encountered during
the scheduling of jobs. Scheduling is a major area
in the operating system. We determined that during
scheduling, operating system doesn’t consider the types
of job it is. It simply applies the algorithm on the
basis of execution time, no of processes, etc. We can
minimize the average waiting time more effectively if
we are known of the type of job, i.e.,communication
or co mputational. Location dependency is also one of
the major factors deciding the efficiency of scheduling
algorithms. The effective and efficient exploitation
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of grid computing facilities needs highly advanced
and protected resource management systems. Efficient
resource sharing and accessi ng cannot go without the
assurance of high trustworthiness.

fu"d"kZ

bl i= esa] fu/kkZj.k ,Yxksfjne dk v/;;u fd;k vkSj
ukSdfj;ksa ds fy, le;&fu/kkZj.k ds nkSjku lkeus pqukSfr;ksa
dk fey pqds gSaA fu/kkZj.k v‚ijsfVax flLVe esa ,d çeq[k
{ks= gSA ge fu/kkZj.k ds nkSjku] v‚ijsfVax flLVe ;g gS dke
ds çdkj ij fopkj ugha djrk fd fu/kkZfjrA ge ukSdjh
;kuh lapkj ;k dEI;wVs”kuy ds çdkj ds fy, tkus tkrs
gSa] vxj ;g cl fu’iknu le; ds vk/kkj ij ,YxksfjFe ij
ykxw gksrk gS] çfØ;kvksa vkfn dk dksbZ ge vkSj vf/kd çHkkoh
<ax ls vkSlr çrh{kk ds le; dks de dj ldrs gSaA LFkku
fuHkZjrk Hkh le;&fu/kkZj.k ,Yxksfjne dh n{krk esa fu.kZ; ysus ds
çeq[k dkjdksa esa ls ,d gSA fxzM daI;wfVax lqfo/kkvksa dk çHkkoh
vkSj dq”ky “kks’k.k vR;f/kd mUur vkSj lajf{kr lalk/ku çca/ku
ç.kkyh dh t:jr gSA dq”ky lalk/ku lk>k djus vkSj igq¡pus
mPp fo”oluh;rk ds vk”oklu ds fcuk ugha tk ldrsAA
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lkjka”k
bl isij esa] pkj&fcV dkmaVj ,d ÇlØksul fDy;j vkSj DykWd buscy ds lkFk osfjyksx ekWM~¸kwy dksM dk
mi;ksx dj ftÇyDl vkbZ,lbZ 12-1 esa cuk;k x;k gS vkSj mPp izn”kZu fojVsDl-6 vkSj LikjVu&6 ,Qihth, ij
dk;kZfUor fd;k x;k gSA ;g n`f’Vdks.k ,d ÅtkZ dq”ky chvkj,,e dkmaVj dks ykxw djus ds fy, iz;ksx fd;k x;k
gSA chvkj,,e dh ÅtkZ dq”ky fMtkbu vuqdwyu dh ekax djrh gS vkSj bl dkj.k ls geus ,Qihth, dh fojVsDl-6
¼45,u,e½ izks|ksfxdh vkSj LikjVu&6 ¼40,u,e½ izks|ksfxdh ds fy, ,yohlh,evks,l&15 vkSj ,yohlh,evks,l&25
vkbZvks ekudks dk iz;ksx fd;k gSA D;ksafd ikoj vko`fŸk ds lh/ks vkuqikfrd gS blfy, vko`fŸk esa o`f) ds lkFk,
vkbZvks ekudks vuis{k dj ikoj dh [kir esa o`f) gqbZ gSA ge tc ,Qihth, ds fy, gekjs fMtkbu esa lq/kkj djrs
gS rks vkbZvks ekud ,yohlh,evks,l&15 lcls fuEu ikoj dh [kir djrk gSA fo”ys’k.k fn[kkrs gS fd vkbZvks
ekud ,yohlh,evks,l&15 dk mi;ksx djds] fojVsDl-6 ,Qihth] dh rqyuk esa, LikjVu&6 ,Qihth, ds fy,
ikoj {kerk esa lq/kkj 10esxk gV~t+Z, 100 esxk gV~t+Z] 500 esxk gV~t+Z] 700 esxk gV~t+Z vkSj 1000 esxk gV~t+Z ds
fy, Øe”k% 98-171] 98-036] 97-099] 96-712 vkSj 96-070 izfr”kr gqvk gSA bl izdkj LikjVu&6 dks vkbZvks ekud
,yohlh,evks,l&25 ds lkFk vkSj blds fcuk mi;ksx djus] fojVsDl&6 dks vkbZvks ekud ,yohlh,evks,l&15
vkSj ,yohlh,evks,l&25 ds lkFk vkSj blds fcuk mi;ksx djus dh rqyuk esa LikjVu&6 dks vkbZvks ekud
,yohlh,evks,l&15 ds lkFk mi;ksx djus ls ikoj {kerk ds fy, csgrj ifj.kke vkrs gSAA
Abstract
In this paper, four-bit counter with an synchronous clear and a clock enable is designed in Xilinx
ISE 12.1 using Verilog module code and implemented on high performance Virtex-6 and Spartan-6
FPGA. This approach is used to implement an energy efficient BRAM counter. Energy efficient design
of BRAM demands optimization, and for the same reason we have used I/O standards LVCMOS-15 and
LVCMOS-25 for Virtex-6 (45nm) technology and Spartan-6 (40nm) technology of FPGA. As Power
is directly proportional to the frequency ,with increase in frequency, there is an increase in power
consumption irrespective of I/O standard. When we enhance our design to FPGA, the I/O standard
which consumes least power is the LVCMOS-15. Analysis show that using the I/O Standard LVCMOS15, the power efficiency for Spartan-6 FPGA is improved by 98.171 per cent, 98.036 per cent, 97.099
per cent, 96.712 per cent and 96.070 per cent for 10MHz, 100MHz, 500MHz, 700MHz and 1000MHz
respectively over Virtex-6 FPGA. Thus using Spartan-6 with I/O Standard LVCMOS-15 yields better
results for power efficiency than using Spartan-6 with and without I/O Standard LVCMOS-25, Virtex-6
with and without using I/O standard LVCMOS-15 and LVCMOS-25.
Keywords: Energy efficient design, VIRTEX-6 and SPARTAN-6 FPGA, LVCMOS15, LVCMOS25

1.

Introduction
In order to search for energy efficient technique,
we consider both synchronous, asynchronous techniques.
Here we apply synchronous techniques on the counter.
In a synchronous method of transmission, the design
is synchronized by an external clock. Counter is
frequently required in digital computers and other digital
systems to record the number of events occurring in
a specified interval of time. The counter must possess
memory since it has to remember its past states. In

Xilinx FPGAs, a block RAM is a dedicated two port
memory containing several kilobits of RAM. The
FPGA contains several (or many) of these blocks.
In digital logic and computing, counter is a device
which stores how many number of times a particular
events or process has occurred often in relationship to
a clock signal. In this design of BRAM counter that
is operating at different frequencies. As the frequency
increases there is increase in power according to the
relationship between frequency and power. Power
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consumption comprises of two main components that
are static and dynamic 1. We are using two different
I/O standards from the family of LVCMOS namely
LVCMOS15 and LVCMOS25 for the 40nm FPGA and
45nm FPGA to reduce the power. LVCMOS consumes
least power when used with FPGA technology 2.The
focus of our study is on the reduction of total power
at different frequencies 3.

Figure 1. Components of dynamic power dissipation.

There are four different parts of dynamic power.
I/O power, Signal power, Clock power and Logic
power are component of dynamic power as shown
in Figure1.
Figure 2 is a RTL schematic of 4-bit counter using
BRAM. In this work, we are implementing this BRAM
based counter on 40nm based FPGA and 45nm based

FPGA. In final phase, we are doing power analysis
for two different IO standards i.e. LVCMOS15 and
LVCMOS25. LVCMOS is an acronym for Low Voltage
Complementary Metal Oxide Semiconductor.

2.	RELATED WORK
There is an increased demand of portable design in
electronic design automation and it is creating a wide
scope in area of energy efficient design. The focus of
Energy Efficient VLSI design of circuits is shifting
towards the low power consumption and minimum
delay to operate for wider range of device operating
frequencies 4. Leakage power and total energy is cut
down up to 22 per cent-32 per cent and 18 per cent-24
per cent respectively as per the simulations shown 5.
B. Pandey 6 , UCF and NCD files are created with
XPower 14.2 for analysing the energy consumed. Here,
we are also creating a User Constraint File (UCF) of
our design to calculate the power consumption. Power
optimization is being given utmost importance in
design concern, forcing EDA Personnel either process
engineer or circuit designer or processor architect or
software engineer to make energy efficient efforts
using different optimal energy efficient techniques and
tools 7. The possibilities of Power Reduction and their
usage in different levels of abstraction is discussed
in 7 . Consumption of power is reduced by scaling
down the voltage and frequency 8. Electronic design
association tools like Xilinx Power Estimator report
average power consumed under toggle or enable rate
and operating frequency 9.
3.	POWER ANALYSIS ON SPARTAN-6
FPGA
From Table 1, we infer that on increasing the
frequency on Spartan-6 45nm FPGA there is no change
in leakage power but there is an increase in clock
power, BRAM power and I/O power.
Table 1. Effect of frequency (MHz) on power dissipation (W)
Frequency↓
Power→
10

Figure 2. RTL schematic of counter with BRAM.
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Clock

I/Os BRAMs Leakage

0

0

0

0.014

100

0.001

0

0.001

0.014

500

0.004

0.001

0.003

0.014

700

0.005

0.001

0.005

0.014

1000

0.008

0.001

0.006

0.014

Total
0.014
0.015
0.022
0.025
0.03

When we are scaling down the frequencies from
1000MHz to 700MHz, 500MHz, 100MHz and 10MHz
there is 37.5 per cent, 62.5 per cent, 87.5 per cent
and 100 per cent decrease in clock power and 16.6
per cent, 50 per cent, 83.33 per cent and 100 per
cent decrease in BRAM power respectively. So the
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Figure 3. Power versus Frequency on 45nm FPGA.

outcome of the table reflects that the total power
is decreasing by scaling down the frequency from
1000MHz to 10MHz.

4.

POWER ANALYSIS ON VIRTEX-6 FPGA
From Table 2, we infer that on increasing the
frequency on Virtex-6 40nm FPGA there is no change in
leakage power but there is an increase in clock power,
BRAM power and I/O power. When we are scaling
down the frequencies from 1000MHz to 700MHz,
500MHz, 100MHz and 10MHz there is 30.76per
cent, 46.15 per cent, 92.30 per cent and 100 per cent
decrease in clock power and 33.33 per cent, 44.44

5.	POWER ANALYSIS USING LVCMOS-15
ON SPARTAN-6 FPGA
From Table 3, we infer that on increasing the
frequency on Spartan-6 45nm FPGA using LVCMOS15 there is no change in leakage power but there is
an increase in clock power, BRAM power and I/O
power. When we apply I/O standard LVCMOS-15
with Spartan-6 it reduced total power consumption by
7.142 per cent as compare to the Spartan-6 without
using IO standard. When we are scaling down from
1000MHz to 700MHz, 500MHz, 100MHz and 10MHz
there is 37.5 per cent, 62.5 per cent, 87.5 per cent
and 100per cent decrease in clock power and 16.6
per cent, 50per cent, 83.33 per cent and 100 per
cent decrease in BRAM power respectively and this
Table 3. Effect of frequency on power dissipation (W)
Frequency↓
Power→

Clock

I/Os

BRAMs

Leakage

Total

10

0

0

0

0.013

0.013

100

0.001

0

0.001

0.013

0.014

500

0.004

0.001

0.003

0.013

0.021

700

0.005

0.001

0.005

0.013

0.024

1000

0.008

0.001

0.006

0.013

0.029

Table 2. Effect of frequency (MHz) on power dissipation (W)
Frequency↓
Power→

Clock

I/Os

BRAMs

Leakage

Total

10

0

0

0

0.712

0.712

100

0.001

0

0.001

0.712

0.714

500

0.007

0.002

0.005

0.712

0.725

700

0.009

0.003

0.006

0.712

0.731

1000

0.013

0.004

0.009

0.712

0.739
Figure 5. Power versus frequency on 45nm FPGA.

result is same as the result given by Table 1 for
clock and BRAM power but the leakage power is
different from the Table 1. So the outcome of the
table reflects that the total power is decreasing with
scaling of frequency from 1000MHz to 10MHz as
compare to the Table 1.

Figure 4. Power versus frequency on 45nm FPGA.

per cent, 88.88 per cent and 100 per cent decrease in
BRAM power respectively. So the outcome of the table
reflects that the total power is decreasing by scaling
down the frequency from 1000MHz to 10MHz.

6.	POWER ANALYSIS USING LVCMOS-25
ON SPARTAN-6 FPGA
From Table 4, we infer that on increasing the
frequency on Spartan-6 45nm FPGA using LVCMOS-25
there is no change in leakage power but there is
an increase in clock power, BRAM power and I/O
power.
When we apply I/O standard LVCMOS-25 with
Spartan-6 there is no change in total power. When we
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Table 4. Effect of frequency on power dissipation (W)
Frequency↓
Power→

Clock

I/Os

BRAMs

Leakage

Total

10

0

0

0

0.014

0.014

100

0.001

0

0.001

0.014

0.015

500

0.004

0.001

0.003

0.014

0.022

700

0.005

0.001

0.005

0.014

0.025

1000

0.008

0.001

0.006

0.014

0.03

Figure 7. Power versus frequency on 40nm FPGA.

cent, 44.44 per cent, 88.88 per cent and 100 per
cent decrease in BRAM power respectively. So the
outcome of the table reflects that the total power
is decreasing by scaling down the frequency from
1000MHz to 10MHz. When we apply I/O standard
LVCMOS-15 with Virtex-6 it reduced total power
by 0.14 per cent as compare to the Virtex-6 without
using I/O standard.
Figure 6. Power versus frequency on 45nm FPGA.

are scaling down from 1000MHz to 700MHz, 500MHz,
100MHz and 10MHz there is 37.5 per cent, 62.5 per
cent, 87.5 per cent and 100 per cent decrease in clock
power and 16.6 per cent, 50 per cent, 83.33 per cent
and 100 per cent decrease in BRAM power respectively
and leakage power will also remain same as shown in
Table 1. So the analysis depicts there is no change in
total power when we applied LVCMOS-25.

7.	POWER ANALYSIS USING LVCMOS-15
ON VIRTEX-6 FPGA
From Table 5, we infer that on increasing the
frequency on Virtex-6 40nm FPGA using LVCMOS15 there is no change in leakage power but there is
increase in clock power and BRAM power. When
we are scaling down the frequencies from 1000MHz
to 700MHz, 500MHz, 100MHz and 10MHz there is
30.76 per cent, 46.15 per cent, 92.30 per cent and
100 per cent decrease in clock power and 33.33 per

8.	POWER ANALYSIS USING LVCMOS-25
ON VIRTEX-6 FPGA
From Table 6, we infer that on increasing the
frequency on Virtex-6 40nm FPGA using LVCMOS25 there is no change in leakage power but there is
an increase in clock power, BRAM power and I/O
power. When we are scaling down the frequencies
from 1000MHz to 700MHz, 500MHz, 100MHz and
Table 6. Effect of frequency on Power Dissipation (W)
Frequency↓
Power→

Clock

I/Os

BRAMs

Total

10

0

0

0

0.712

0.712

100

0.001

0

0.001

0.712

0.714

500

0.007

0.002

0.005

0.712

0.725

700

0.009

0.003

0.006

0.712

0.731

1000

0.013

0.004

0.009

0.712

0.739

Table 5. Effect of frequency on power dissipation (W)
Frequency↓ Clock
Power→

I/Os

BRAMs

Leakage

Total

10

0

0

0

0.711

0.711

100

0.001

0

0.001

0.711

0.713

500

0.007

0.002

0.005

0.711

0.724

700

0.009

0.003

0.006

0.711

0.73

1000

0.013

0.004

0.009

0.711

0.738
Figure 8. Power versus Frequency on 45nm.
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10MHz there is 30.76 per cent, 46.15 per cent, 92.30
per cent and 100 per cent decrease in clock power
and 33.33 per cent, 44.44 per cent, 88.88 per cent and
100 per cent decrease in BRAM power respectively.
So the outcome of the table reflects that the total
power is decreasing by scaling down the frequency
from 1000MHz to10MHz. When we apply I/O standard
LVCMOS-25 with Virtex-6 there is no change in total power.

9.	CONCLUSION
In this design of BRAM counter, we infer that the
power efficiency for Spartan-6 FPGA is improved by
98.033 per cent, 97.899 per cent, 96.965 per cent, 96.580
per cent and 95.940 per cent for 10MHZ, 100MHz,
500MHz, 700MHz and 1000MHz respectively over
Virtex-6 FPGA. Further if we study the performance
of Virtex-6 and Spartan-6 using the IO Standards
LVCMOS-15 and LVCMOS-25 we conclude that
Spartan-6 is using less power than Virtex-6. Analysis
show that using the IO Standard LVCMOS15, the
power efficiency for Spartan-6 FPGA is improved
by 98.171per cent, 98.036 per cent, 97.099 per cent,
96.712 per cent and 96.070 per cent for 10MHz,
100MHz, 500MHz, 700MHz and 1000MHz respectively
over Virtex-6 FPGA. Similarly using the I/O Standard
LVCMOS-25, the power efficiency for Spartan-6
FPGA is improved by 98.033 per cent, 97.899 per
cent, 96.965 per cent, 96.580 per cent and 95.940
per cent for 10MHz, 100MHz, 500MHz, 700MHz and
1000MHz respectively over Virtex-6 FPGA. Thus using
Spartan-6 with I/O Standard LVCMOS15 yields better
results for power efficiency than using Spartan-6 with
IO Standard LVCMOS25.
10.	FUTURE SCOPE
This implementation is based on 40-nm Virtex-6
FPGA and 45nm Spartan-6 FPGA. There is a wide
scope to implement this design for asynchronous
technique and make power analysis on different FPGA
like Virtex-7 and Kintex-7 FPGA device. To test this
design, in term of power using other IO Standard
like SSTL,HSTL and verify the low power design
efficiency on the latest FPGA.

fu"d"kZ
chvkj,,e dkmaVj ds fMtkbu esa] geus ns[kk fd
fojVsDl&6 ,Qihth, dh rqyuk esa] LikjVu&6 ,Qihth, ds
fy, ikoj {kerk esa lq/kkj 10esxk gV~t+Z] 100 esxk gV~t] 500
esxk gV~t+Z, 700 esxk gV~t+Z vkSj 1000 esxk gV~t+Z ds fy, Øe”k%
98.033, 97.899, 96.965, 96.580 vkSj 95.940 izfr”kr
gqvk gSA vkxs ;fn ge vkbZvks ekud ,yohlh,evks,l&15 vkSj
,yohlh,evks,l&25 dk mi;ksx fojVsDl&6 vkSj LikjVu&6 ds
fu”iknu dk v/;;u djrs gS rks geus ik;k fd fojVsDl&6 fd
rqyuk esa LikjVu&6 de ikoj dk mi;ksx djrk gSA fo’ys”k.k
fn[kkrk gS fd vkbZvks ekud ,yohlh,evks,l&15 dk mi;ksx

djds] fojVsDl&6 ,Qihth, dh rqyuk esa] LikjVu&6 ,Qihth,
ds fy, ikoj {kerk esa lq/kkj 10esxk gV~t+Z] 100 esxk gV~t+Z] 500
esxk gV~t+Z] 700 esxk gV~t+Z vkSj 1000 esxk gV~t+Z ds fy, Øe”k%
98.171, 98.036, 97.099, 96.712 vkSj 96.070 izfr”kr gqvk
gSA blh izdkj vkbZvks ekud ,yohlh,evks,l&25 dk mi;ksx
djds, fojVsDl&6 ,Qihth, dh rqyuk esa, LikjVu&6 ,Qihth,
ds fy, ikoj {kerk esa lq/kkj 10esxk gV~t+Z] 100 esxk gV~t+Z] 500
esxk gV~t+Z] 700 esxk gV~t+Z vkSj 1000 esxk gV~t+Z ds fy, Øe”k%
98-033] 97.899, 96.965, 96.580 vkSj 95.940 izfr”kr gqvk
gSA bl izdkj LikjVu&6 dks vkbZvks ekud ,yohlh,evks,l&25
ds lkFk mi;ksx djus fd rqyuk esa fojVsDl&6 dks vkbZvks ekud
,yohlh,evks,l&15 ds lkFk mi;ksx djus ls ikoj {kerk ds fy,
csgrj ifj.kke vkrs gSaA
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28 ,u,e ,Qihth, ij vuq:i;s lU;ke;kr dk mi;ksx dj :V~l dks [kkstus ds
fy, fMt+kbu xksy vk/kkfjr ÅtkZ dq”ky fMtkbu
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lkjka”k
bl isij esa oSfnd rduhd vuq:i;s lU;ke;kr dk mi;ksx dj ÅtkZ dq’ky :V~l [kkstd dk fMt+kbu fd;k
gSA oSfnd xf.kr esa 16 lw= gksrs gSa vkSj bu lw=ksa dks gekjs izkphu fo}kuksa }kjk rsth ls x.kuk djus ds fy,
bLrseky fd;k tkrk Fkk, tc muds ikl dksbZ daI;wVj vkSj dYkdqysVj ugha FksA vuq:i;s lU;ke;kr ,d laL—r
“kCn gS ftldk vFkZ Þ,d vuqikr esa gS] rks vU; ,d “kwU; gSÞA vkt ds dke esa mPp xfr, n{krk dh ekax gS vkSj
bls de le; ysuk pkfg,A bu oSfnd rduhd dks ykxw djds] iz.kkyh dh tfVyrk, fu’iknu le;, {ks=] “kfä
de gksrh gS vkSj ;s rduhd fLFkj gS vkSj blfy, ;g dkjxj rjhdk gSA geus 7 buiqV vkSj 2 vkmViqV ds lkFk
vuq:i;s lU;ke;kr ÅtkZ dq”ky oSfnd :V~l [kkstd dks cukus dh dksf’k’k dh gSA ge fofHkUUk izdkj dh vko`fŸk;ksa
dks fy;k gS vkSj bldh fMtkbu xksy dks ckj ckj cnydj ikoj fo’ys’k.k fd;k gSA ftÇyDl lkW¶Vosj esa gekjs
ikl 5 fMt+kbu xksy gS vkSj os {ks= esa deh] cSysaLM] U;wure juVkbe] ikoj vuqdwyu] le; esa lq/kkj dj jgs gSaA
dksM ftÇyDl vkbZ,lbZ fMtkbu lqbV 14-2 esa ykxw fd;k x;k gS vkSj ifj.kke 28 ,u,e ,Qihth, IysVQkWeZ ij
ijh{k.k fd;s x;s FksA gekjs lHkh dk;Z 28 ,u,e ,Qihth, ds ÇdVsDl&7 ij fd;s x, gSA iz;qä midj.k ,Dllh
7 ds 160 Vh, iz;qä iSdst ,Qchth 676 gS vkSj ;g&3 xfr xzsM ij dke dj jgk gSA var esa geus ;g fu’d’kZ
fudkyk fd xksy rduhd dk mi;ksx djds dqy ikoj viO;; dk 20&54 izfr”kr dh cpr gks ldrh gSA
Abstract
In this paper we have designed an energy efficient root finder using Anurupye Sunyamayat Vedic
technique. Vedic mathematics consists of 16 sutras and these sutras were used by our ancient scholars
for doing their calculations faster, when there were no computers and calculators. Anurupye Sunyamayat
is a Sanskrit word meaning “If one is in the ratio, the other one is zero”. In today’s work, the demand is
high speed, efficiency and lesser time. Appling these Vedic techniques one is able to reduce the system
complexity, execution time, area, power and is stable, and hence, is efficient method. We have tried to
make an energy efficient Anurupye Sunyamayat Vedic root finder with 7 inputs and 2 outputs. We have
taken different set of frequencies and have done power analysis by varying its design goal. In Xilinx
software we have 5 design goals and these are Area Reduction, Balanced, Minimum Runtime, Power
Optimization, Timing Performance. The code has been implemented in Xilinx ISE Design Suite 14.2
and results were tested on 28nm FPGA platform. All our work is done on 28nm FPGA Kintex-7. The
device used is XC7K160T, package used is FBG676 and it is working on -3 speed grade. At the end
we have concluded that there can be 20-54 per cent saving of total power dissipation by using design
goal technique.
Keywords: Anurupye Sunyamayat, vedic mathematics, FPGA, energy efficient, root finder

1.

Introduction
Ancient mathematics is known as Vedic mathematics 1,2.
Vedic Mathematics is a book written by the highranking Hindu cleric Bharati Krishna Tirthaji and first
published in 1965 3. Vedic Mathematics is the ancient
methodology of Indian mathematics which includes a
unique technique of calculations based on 16 Sutras
(formulae) 4.Vedic mathematics is basically used for
solving tedious problems in short duration of time.

Vedic mathematics consists of 16 sutras and these
sutras were used by our ancient scholars for doing
there calculation faster, when there were no computers
and calculators. Nowadays with the help of calculators
and computers, we are able to solve long and heavy
calculations. Many researchers have worked upon Vedic
mathematics on the basis of different sutras. Many
papers have also been published using Vedic mathematics
for different applications. An introduction to a novel
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architecture using Vedic mathematics techniques for
high speed multiplication5. Vedic mathematics also plays
an important role in DSP (Digital Signal Processing).
Reconfigurable FFT has been proposed using Vedic
mathematics 6 . A design of an 8 bit, fixed point,
asynchronous Vedic DSP processor core has also been
studied 7. A paper was also published which includes
DSP operations based on ancient Vedic mathematics
using Vedic Urdhava-Triyagbhayam multiplication
sutra 8. Appling these Vedic techniques one reduces
the system complexity, execution time, area, power
and is stable, and hence is an efficient method. In
this paper we are focusing on designing a root finder
device using Vedic mathematics technique “Anurupye
Sunyamayat”. Meaning of Anurupye Sunyamayat is
“If one is in the ratio, the other one is zero”. We use
this sutra for solving simple equations in which the
coefficients of ‘one’ variable are in the same ratio to
each other as the independent terms are to each other.
This sutra also says that the ‘other’ variable is zero if
ratios are equal. In this way we are able to calculate
the roots of an equation. These equations can only be
solved using Anurupye Sunyamayat if a certain ratio
exists between a coefficients. For example:
6x + 7y = 8
19x + 14y = 16
Here the ratio of coefficients of y is the same as
that of the constant terms. Therefore, the “other” is
zero, i.e., x = 0. Hence the solution of the equations
is x = 0 and y = 8/7.

Figure 1. Symbol of anurupye sunyamayat.

Figure 1 represents the symbol of Anurupye
Sunyamayat where C1, C2, C3, C4 are the coefficients
of the variables and R1, R2 are the constants. These
all are 4 bit numbers. And on the other side, outputs
are also 4 bit numbers proving us the values of roots
that are x and y. The code has been implemented in
Xilinx ISE Design Suite 14.2 and results were tested
on 28nm FPGA platform. All our work is done on

28nm FPGA Kintex-7. The device used is XC7K160T,
package used is FBG676 and it is working on -3
speed grade. Table 1 shows different parameters in
kintex-7 FPGA.
Table1. Different parameters in kintex-7 FPGA
I/O pins

676

LUT Elements

101400

Flip Flop

202800

DSPS

600

Available IOBS

400

Gb transceiver

8

Block RAM

325

GTXE2 Transceiver

8

PCI Buses

1.1

MMCMS

8

Min operating temperature

0 degree Celsius

Reference operating temperature

85 degree Celsius

Maximum operating Temperature

85 degree Celsius

Minimum operating voltage

0.97V

Reference operating Voltage

0.97V

Maximum operating Voltage

1.03V

Temperature Grade Letter

C

In this paper, we have tried to make an energy
efficient Anurupye Sunyamayat Vedic root finder with
7 inputs and 2 outputs. We have taken different sets
of frequencies mentioned in Table 2 and have done
power analysis by varying its design goal. Now in
Xilinx software we have 5 design goals and these are
Area Reduction, Balanced, Minimum Run time, Power
Optimization, Timing Performance shown in Fig. 2.
These design goals play a vital role when we analyse
power in our circuit or design. In this paper, power
analysis is our main concern and we have studied about
the power analysis in this paper at different frequencies
keeping the temperature constant at 25 degree Celsius
and maintaining the constant air flow.
Power is also of two types: (i) Static (ii) Dynamic.
In this research work we have focused on the dynamic
power and it includes clock power, logic power, signal
power, I/Os power, and leakage power. The sum of
all these gives us the total power involved in the
Table 2. Set of frequencies taken in consideration
Frequency

Mobile set

1400MHz

Nokia Lumia 710

1.2GHz

Samsung Galaxy Core

2100MHz

I phone6

1700MHz

HTC/T

1800MHz

Micromax X091

2.2GHz

Sony Xperia Z1
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Figure 2. Types of design goal.
Figure 4. Power dissipation at 1400 MHz.

per cent reduction in I/O power dissipation with power
optimization design goal in comparison to all other
different design goals. There is no change in logic power
and leakage power. There is 11.11 per cent saving in
signal power dissipation with area reduction, power
optimization, and timing performance when compared
with power dissipation of balanced and minimum run
time. There is 27.46 per cent saving in total power
dissipation with power optimization when compared
with balanced and minimum run time design goal’s
power dissipation as shown in Table 3 and Fig. 4.

Figure 3. Components of dynamic power.

designed. Fig. 3 shows the components of power. Our
main aim is to make it energy efficient that’s why
the testing has been done at different frequencies and
different design goals.

2.	POWER ANAYSeS
2.1	Power Analysis at 1400 MHz
There is 36.36per cent saving in clock power
dissipation with area reduction design goal, 18.18
per cent saving in clock power dissipation with
power optimization design goal in comparison to
power dissipation with balanced, minimum run time,
and timing performance design goal. There is 49.29

2.2 	Power Analysis at 1.2GHz
There is 40 per cent saving in clock power
dissipation with area reduction design goal,30 per cent
saving in clock power dissipation with power optimization
design goal in comparison to power dissipation with
balanced, minimum run time, and timing performance
design goal. There is 41.50 per cent reduction in I/O
power dissipation with power optimization design goal
in comparison to all other different design goals. There
is no change in logic power and leakage power. There
is 12.5 per cent saving in signal power dissipation with
area reduction, power optimization, timing performance,
and balanced when compared with power dissipation
of minimum run time. There is 20.83 per cent saving
in total power dissipation with power optimization
when compared with balanced, minimum run time and
timing performance design goal’s power dissipation,
as shown in Table 4 and Fig. 5.

Table 3. Power analysis at 1400 MHz
Design goal

Clock power

Logic power

Signal power

I/Os power

Leakage power

Total power

Area reduction

0.007

0.005

0.008

0.071

0.045

0.137

Balanced

0.011

0.005

0.009

0.071

0.045

0.142

Minimum runtime

0.011

0.005

0.009

0.071

0.045

0.142

Power optimization

0.009

0.005

0.008

0.036

0.045

0.103

Timing performance

0.011

0.005

0.008

0.071

0.045

0.141
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Table 4. Power analysis at 1.2GHz
Design goal

Clock power

Logic power

Signal power

I/Os power

Leakage power

Total power

Area reduction

0.006

0.004

0.007

0.053

0.045

0.115

Balanced

0.010

0.004

0.007

0.053

0.045

0.120

Minimum runtime

0.010

0.004

0.008

0.053

0.045

0.120

Power optimization

0.007

0.004

0.007

0.031

0.045

0.095

Timing performance

0.010

0.004

0.007

0.053

0.045

0.120

Table 5. Power analysis at 2100 MHz
Design goal

Clock power

Logic power

Signal power

I/Os power

Leakage power

Total power

Area reduction

0.011

0.008

0.012

0.156

0.046

0.231

Balanced

0.017

0.008

0.013

0.156

0.046

0.239

Minimum runtime

0.017

0.008

0.014

0.156

0.046

0.240

Power optimization

0.013

0.008

0.012

0.055

0.045

0.132

Timing performance

0.017

0.008

0.013

0.156

0.046

0.239

Figure 5. Power dissipation at 1.2 GHz.

Figure 6. Power dissipation at 2100 MHz.

2.3	Power Analysis at 2100 MHz
There is 35.29 per cent saving in clock power
dissipation with area reduction design goal, 23.52
per cent saving in clock power dissipation with
power optimization design goal in compare to power

dissipation with balanced, minimum run time, and
timing performance design goal. There is 64.74 per
cent reduction in I/O power dissipation with power
optimization design goal in comparison to all other
different design goals. There is no change in logic power
and leakage power. There is 14.28 per cent saving in
signal power dissipation with area reduction, power
optimization when compared with power dissipation
of minimum runtime. There is 7.14 per cent saving
in signal power with balanced when compared with
minimum run time. There is 45 per cent saving in
total power dissipation with power optimization when
compared with minimum runtime design goal’s power
dissipation, as shown in Table 5 and Fig. 6.

2.4	Power Analysis at 1700MHz
There is 50 per cent saving in clock power dissipation
with area reduction design goal, 28.57 per cent saving
in clock power dissipation with power optimization
design goal in compare to power dissipation with
balanced, minimum run time, and timing performance
design goal. There is 57.28 per cent reduction in I/O
power dissipation with power optimization design goal
in compare to all other different design goals. There
is no change in logic power and leakage power. There
is 9.09 per cent saving in signal power dissipation
with area reduction, power optimization, and timing
when compared with power dissipation of minimum
run time and balanced. There is 35.55 per cent saving
in total power dissipation with power optimization
when compared with balanced design goal’s power
dissipation, as shown in Table 6 and Fig 7.
2.5	Power Analysis at 1800MHz
There is 40 per cent saving in clock power dissipation
with area reduction design goal, 26.66 per cent saving
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Table 6. Power analysis at 1700MHz
Design goal

Clock power

Logic power

Signal power

I/Os power

Leakage power

Total power

Area reduction

0.007

0.006

0.010

0.103

0.045

0.173

Balanced

0.014

0.006

0.011

0.103

0.045

0.179

Minimum runtime

0.014

0.006

0.011

0.103

0.045

0.180

Power optimization

0.010

0.006

0.010

0.044

0.045

0.116

Timing performance

0.014

0.006

0.010

0.103

0.045

0.179

Table 7. Power analysis at 1800 MHz
Design goal

Clock power

Logic power

Signal power

I/Os power

Leakage power

Total power

Area reduction

0.009

0.006

0.010

0.116

0.046

0.187

Balanced

0.015

0.007

0.011

0.115

0.046

0.193

Minimum runtime

0.015

0.007

0.012

0.115

0.046

0.194

Power optimization

0.011

0.006

0.010

0.047

0.046

0.120

Timing performance

0.015

0.007

0/011

0.115

0.046

0.193

I/O power dissipation with power optimization design
goal in comparison with area reduction design goal.
There is no change in leakage power.There is 16.66
per cent saving in signal power dissipation with area
reduction, power optimization and 8.33 per cent saving
in signal power dissipation with balanced and timing
performance when compared with power dissipation of
minimum runtime. There is 38.14 per cent saving in
total power dissipation with power optimization when
compared with minimum runtime design goal’s power
dissipation, as shown in Table 7 and Fig. 8.

Figure 7. Power dissipation at 1700 MHz.

Figure 8. Power dissipation at 1800 MHz.

in clock power dissipation with power optimization
design goal in comparison to power dissipation with
balanced, minimum run time, and timing performance
design goal. There is 0.8 per cent saving in I/O power
dissipation with to balanced, minimum runtime and
timing performance and 59.48 per cent saving in
192

2.6	Power Analysis at 2.2 GHz
There is 38.88 per cent saving in clock power
dissipation with area reduction and power optimization
design goal in compare to power dissipation with
balanced, minimum run time, and timing performance
design goal. There is 66.66 per cent saving in I/O
power dissipation with power optimization and 0.58
per cent saving in I/O power dissipation with balanced,
minimum runtime and timing performance design goal
in compare to area reduction design goal. There is no
change in logic power and leakage power. There is 20
per cent saving in signal power dissipation with area
reduction, power optimization, and 13.33 per cent saving
in signal power dissipation with balanced and timing
performance when compared with power dissipation
of minimum runtime. There is 53.30 per cent saving
in total power dissipation with power optimization
when compared with balanced, minimum run time and
timing performance design goal’s power dissipation,
as shown in Table 8 and Fig. 9.
3.	CONCLUSION
The design is low power energy efficient and the
code has been implemented in Xilinx ISE Design Suite
14.2 and results were tested on 28nm FPGA platform
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Table 8. Power analysis at 2.2 GHz
Design goal

Clock power

Logic power

Signal power

I/Os power

Leakage power

Total power

Area reduction

0.011

0.008

0.012

0.171

0.046

0.247

Balanced

0.018

0.008

0.013

0.170

0.046

0.256

Minimum runtime

0.018

0.008

0.015

0.170

0.046

0.257

Power optimization

0.011

0.008

0.012

0.057

0.046

0.120

Timing performance

0.018

0.008

0.013

0.170

0.046

0.255

frequencies like 1400 MHz, 1.2 GHz, 2100 MHz,
1700MHz, 1800MHz, 2.2GHz. We can use any other
frequency range and test our design on that also. The
temperature has been kept constant, that is 25 degree
Celsius, So if needed it can also be varied. Air flow
can also be varied.

fu"d"kZ

Figure 9. Power Dissipation at 2.2 GHz.

using Kintex-7 FPGA family. The device is designed to
find the roots of an equation using the Vedic technique
called Anurupye Sunyamayat. This Vedic root finder
consists of 7 inputs and 2 outputs. One input is the
clock pulse and other 4 inputs are the coefficients of
the variables and remaining two are the constants of an
equation. Output is the values of variables present in
the equations. The inputs and the outputs all are 4 bit
numbers. The design is tested by varying frequency at
constant temperatures that is 25 °C and also keeping
air flow constant. We can conclude that there can be
20-54 per cent saving of total power dissipation by
using design goal technique.

4	FUTURE SCOPE
The future scope of “Design Goal Based Energy
Efficient Design for Finidng Roots Using Anurupye
Sunyamayat on 28nm FPGA” is that we can also
implement this design on 22nm or 18 nm FPGA. We
can also use different FPGA families like automotive
Artix7, automotive Coolrunner2, automotive Spartan,
automotive Spartan-3A DSP, automotive Spartan 3A,
automotive Spartan 3E, automotive Spartan6, Spartan3,
Spartan3E. Here, we are using design goal techniques.in
which we are changing the design goal and analyzing
its power. We can redesign this Vedic root finder
with other energy efficient technique like capacitance
scaling, thermal scaling, clock gating, frequency scaling
and impedance matching with different logic family,
and mapping. Analysis has been done with different

fMtkbu de ikoj ÅtkZ dq’ky gS vkSj dksM ftÇyDl
vkbZ,lbZ fMtkbu lqbV 14-2 esa ykxw fd;k x;k gS vkSj
ifj.kke 28,u,e ,Qihth, IysVQkWeZ ij 28,u,e ,Qihth, ds
ÇdVsDl&7 oxZ dk mi;ksx dj ijh{k.k fd;s x;s FksA
fMokbl oSfnd rduhd vuq:i;s lU;ke;kr dk mi;ksx dj
,d lehdj.k ds :V~l dks [kkstus ds fy, cuk;k x;k gSA
bl oSfnd :V [kkstd esa 7 buiqV vkSj 2 vkmViqV gSA ,d
buiqV DykWd iYl gS vkSj 4 buiqV pj ds xq.kkad gS vkSj ckdh
nks lehdj.k ds dksaLVaV~l gSA vkmViqV lehdj.kksa esa ekStwn
pj ds eku gSA lHkh buiqV vkSj vkmViqV 4 fcV uacj gSA ;g
fMt+kbu fofHkUUk vko`fŸk ij 25 fMxzh lsfYl;l ds fLFkj rkieku
ij ijh{k.k fd;k x;k gS vkSj gok ds izokg dks Hkh fLFkj j[kk
x;k gSA geus ;g fu’d’kZ fudkyk ldrs gS fd xksy rduhd
dk mi;ksx djds dqy ikoj viO;; dk 20&54 izfr”kr dh
cpr gks ldrh gSA
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lkjka”k
bl dk;Z esa, 4&fcV lkbu vi dkmaVj dks ftÇyDl 14-6 dk ,d flE;qysVj ds :i esa mi;ksx dj
fMtkbu fd;k x;k gSA osjhyksx lR;kiu Hkk’kk ds :i esa vkSj ,Dlikoj ÅtkZ dh [kir ds vkdyudrkZ ds :i esa
iz;ksx fd;k x;k gSA bl fMtkbu dks fojVsDl&4 vkSj fMokbl ,Dllh4oh,Q,Dl12 ij dk;kZfUor fd;k x;k gSA
,yohlh,evks,l25 vkbZvks ekud dks fMtkbu ds dk;kZUo;u esa bLrseky fd;k gSA oksYVst LdsÇyx rduhd lÆdV
fMtkbu ds fy, iz;ksx dh xbZ gSA chvkj,,e ds lkFk lÆdV fMtkbu ds fy,, ge tc oksYVst dks 1-5oh ls
0-5oha uhps djrs gS rc ;g vkys[k 65.95, 90.90, 86.90 vkSj 86.11 izfr”kr deh Øe”k% DykWd ikoj] chvkj,,e
ikoj, fjlko ikoj vkSj dqy ikoj esa izkIr djrk gSA chvkj,,e ds fcuk lÆdV fMtkbu ds fy,, bles 66.66,
86.95 vkSj 84.49 izfr”kr dh deh Øe”k% DykWd ikoj] fjlko ikoj vkSj dqy ikoj esa gksrh gS, tc oksYVst dks
1-5oh ls 0-5oh uhps djrs gSA chvkj,,e ds fcuk fMtkbu dh rqyuk esa chvkj,,e ds lkFk lÆdV fMtkbu ds
fy, bLrseky fd;k ?kVdksa dh la[;k 50 izfr’kr ls Hkh de gSA
Abstract
In this work, 4-bit signed up counter is designed using Xilinx 14.6 as a simulator. Verilog is used
as verification language and XPower is the power consumption estimator. This design is implemented on
Virtex-4 and device XC4VFX12. The IO standard used in the implementation of design is LVCMOS25.
Voltage scaling technique is used for the circuit design. This paper achieves 65.95%, 90.90%, 86.90%
and 86.11% reduction in clock power, BRAM power, leakage power and total power, respectively for
the circuit design with BRAM, when we scale down voltage from 1.5V to 0.5V. For the circuit design
without BRAM, there is a reduction of 66.66%, 86.95% and 84.49% in clock power, leakage power, and
total power, respectively, when we scale down voltage from 1.5V to 0.5V. The number of components
used for the circuit design with BRAM is 50% less as compared to design without BRAM.
Keywords: 4-bit signed up counter, LUT, BRAM, voltage scaling management

1.

Introduction
The 4-bit signed up counter with asynchronous counter
has C (Positive-Edge Clock) and CLR (Asynchronous
Reset) as the input pins and Q (Data Output) as the
output pin. LUT(Lookup Table) is an array in which
runtime computation is replaced with a simpler array
indexing operation 8. There is significant saving of
processing time. This is so because retrieving a value
from memory is faster than undergoing an expensive
computation. In case of digital logic, an n-bit LUT
can be implemented with a multiplexer and the select
lines of MUX forms the inputs of LUT.
BRAM is a block of random access memory. BRAM
consists of a memory cell array and control logic which
can be configured to select one of the write modes
to access the memory cell array 6. The control logic
selects the write mode on the basis of configuration

Table 1. I/O Pin description of 4-bit signed up counter
I/O Pins

Description

C

Positive-Edge Clock

CLR

Asynchronous Reset (Active High)

Q

Data Output

bits stored in the corresponding configuration memory
cells of the programmable logic device(PLD). The
figures Fig.1 and Fig.3 shows the top level schematic
of the circuit with and without BRAM, respectively
and Fig.2 and Fig.4 show the RTL schematic of the
circuit with and without BRAM, respectively.
Zhong, X., et al 1 presents high speed and low
power consumption design of BRAM-based FIFO in
FPGA. The design is improved with optimized cycle
latency. A new way of utilization of the RAM block
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Gupta, V. 4, voltage scaling technique is used for
conserving energy in asynchronous systems. It achieved
dynamic energy savings up to 85% and throughput
degradation of less than 10%. Islam, S.M. 5 presents
voltage scaling based design of Mobile battery charge
controller sensor. According to this reference, there is
a reduction of 92.72%, 87.50%, 98.77% and 68.24%
in Clock Power, Logic Power, Signal Power and I/O
Power respectively on 1 THz operating frequency
when voltage is scaled down from 1V to 0.1V.

Figure 1. Top level schematic of 4-bit counter without BRAM.

Figure 2. RTL schematic of 4-bit counter without BRAM.

(BRAM) is presented for the delay fault detection
purposes Pfeifer,P 2. Vasijevic, J. 3, introduces a two
low-level pragmas that specifies information about
memory access patterns which results in improved
on-chip memory utilization up to 22%.

Figure 4. RTL schematic of 4-bit counter with BRAM.

Figure 3. Top level schematic of 4-bit counter with BRAM.
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2.	RESULTS
2.1	Power Dissipation for 4-bit Signed Up
Counter with BRAM
According to the Table 2 for 4-bit signed up
counter with BRAM, there is a reduction of 65.95%
in clock power as we scale down the voltage from
1.5V to 0.5V. There is no reduction in logic power
as we scale down the voltage from 1.5V to 0.5V. The
signal power reduction is 1% on scaling down the
voltage from 1.5V to 0.5V. There is a reduction of
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Ta b l e 2 . P o w e r d i s s i p a t i o n f o r 4 - b i t S i g n e d U p
counter with BRAM
Voltage Power 1.5V

1.2V

1.0V

0.9V

0.5V

Clocks

0.047

0.038

0.031

0.028

0.016

Logic

0.000

0.000

0.000

0.000

0.000

Signals

0.002

0.002

0.001

0.001

0.000

BRAMs

0.022

0.014

0.010

0.008

0.002

IOs

0.047

0.046

0.045

0.045

0.043

Leakage

5.649

2.083

1.295

1.083

0.740

Total

5.767

2.182

1.382

1.164

0.801

2.3	Design Summary for 4-bit Signed Up
Counter with BRAM
Table 4 design summary for 4-bit signed up
counter with BRAM.

Figure 6. Power dissipation for 4-bit signed Up counter without
BRAM.

The Table 4 shows the design summary for 4-bit
signed up counter with BRAM. As seen clearly, there
are 2 BELS, 1 RAM, 1 Clock Buffer and 4 Output
Buffers.
Figure 5. Power Dissipation 4-bit Signed Up Counter with
BRAM.

90.90% in BRAM power on scaling down the voltage
from 1.5V to 0.5V.
There is a reduction of 8.51% in I/O power
as we scale down the voltage from 1.5V to 0.5V.
The leakage power reduction is 86.90% as we scale
down the voltage from 1.5V to 0.5V. The total power
reduction is 86.11% as we scale down the voltage
from 1.5V to 0.5V.

2.2	Power Dissipation 4-bit Signed Up Counter
without BRAM
As per the Table 3, for 4-bit signed up counter
without BRAM, there is a reduction of 66.66% in
clock power as we scale down the voltage from 1.5V
to 0.5V. There is a reduction of 1% in logic power
and signal power as we scale down the voltage from
1.5V to 0.5V.
Table 3. Power dissipation for 4-bit signed up counter
BRAM.
Voltage Power

1.5V

1.2V

1.0V

0.9V

0.5V

Clocks

0.048

0.038

0.032

0.028

0.016

Logic

0.001

0.000

0.000

0.000

0.000

Signals

0.004

0.002

0.002

0.001

0.000

IOs

0.161

0.160

0.159

0.158

0.156

Leakage

5.669

2.088

1.297

1.084

0.740

Total

5.882

2.288

1.489

1.272

0.912

Table 4.

Design Summary for 4-bit signed up counter with
BRAM

Device

Number

BELS
GND
VCC

2
1
1

RAMS
RAMB18E1

1
1

Clock Buffers
BUFGP

1
1

IO Buffers

4

OBUF

4

2.4	Design Summary for 4-bit Signed Up
Counter without BRAM
The above table shows the design summary of the
4-bit signed up counter without BRAM. According to
this table, there are 4 BELS, 4 Flip-Flops, 1 Clock
Buffer, 1 Input Buffer and 4 Output buffers.
2.5	Comparison of Design Summary for circuit
design of 4-bit Signed Up Counter
According to the above table, the circuit designed
with BRAM is taking 2 BELS and that designed without
BRAM is taking 4 BELS. Therefore the circuit designed
using BRAM uses less area than the other. Hence area
optimization is achieved using this design
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Table 5.

Design summary for 4-bit signed up counter without
BRAM

Device

Number

BELS
INV
LUT2
LUT3
LUT4

4
1
1
1
1

Flip-Flops/Latches
FDC

4
4

Clock Buffers
BUFGP

1
1

IO Buffers
IBUF
OBUF

5
1
4

Figure 7. Clock power dissipation for 4-bit signed up counter.

Table 6.Comparison of design summary for the circuit design
Device

With BRAM

Without BRAM

BELS

2

4

Clock Buffers

1

1

IO Buffers

4

5

3.	POWER ANALYSIS
3.1	Clock Power Dissipation for 4-bit Signed
Up Counter
According to the Table 6, there is not much
difference in the clock power dissipation for the 4-bit
signed up counter in both the configurations; with
BRAM and without BRAM. There is a reduction of
65.95% and 66.66% in clock power dissipation for
the circuit design with BRAM and without BRAM
respectively on account of voltage scaling from 1.5V
to 0.5V.
Table 7. Clock power dissipation for 4-bit signed up counter
Circuit
Configuration

1.5V

1.2V

1.0V

0.9V

0.5V

With BRAM

0.047

0.038

0.031

0.028

0.016

Without BRAM

0.048

0.038

0.032

0.028

0.016

3.2 Signal Power Dissipation for 4-bit Signed
Up Counter
According to the Table 7, for the design of counter
there is a reduction of 1% in signal power for both
with BRAM and without BRAM configurations as we
scale down the voltage from 1.5V and 0.5V.
Table 8. Signal power dissipation for 4-bit signed up counter
Circuit
Configuration

1.5V

1.2V

1.0V

0.9V

0.5V

With BRAM

0.002

0.002

0.001

0.001

0.000

Without BRAM

0.004

0.002

0.002

0.001

0.000
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Figure 8. Signal power dissipation for 4-bit signed up counter.

3.3 I/O Power Dissipation for 4-bit Signed Up
Counter
According to the Table 8, for the design of 4-bit
signed up counter there is a reduction of 8.51% and
3.11% in I/O power as we scale down the voltage
from 1.5V to 0.5V for configuration with BRAM and
without BRAM respectively.
Table 9. I/O power dissipation for 4-bit signed up counter
Circuit
Configuration

1.5V

1.2V

1.0V

0.9V

0.5V

With BRAM

0.047

0.046

0.045

0.045

0.043

Without BRAM

0.161

0.160

0.159

0.158

0.156

3.4 Leakage Power Dissipation for 4-bit Signed
Up Counter
According to the above table, there is a reduction
of 86.90% and 86.95% in leakage power dissipation
for the circuit design with BRAM and without BRAM
respectively on account of voltage scaling from 1.5V
to 0.5V.
3.5	Total Power Dissipation for 4-bit Signed
Up Counter
According to the Table 10, for the design of 4-bit
signed up counter there is a reduction of 86.11% and
84.49% in total power as we scale down the voltage
from 1.5V to 0.5V for with BRAM and without BRAM
configurations respectively.
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Figure 9. I/O power dissipation for 4-bit signed up counter
Table 10. Leakage power dissipation for 4-bit signed up
counter
Circuit
Configuration

1.5V

1.2V

1.0V

0.9V

0.5V

With BRAM

5.649

2.083

1.295

1.083

0.740

Without
BRAM

5.669

2.088

1.297

1.084

0.740

4.	CONCLUSION
For the circuit design without BRAM, there is
a reduction of 66.66%, 86.95% and 84.49% in clock
power, leakage power and total power respectively
as we scale down the voltage from 1.5V to 0.5V. On
account of voltage scaling from 1.5V to 0.5V, there is
a reduction of 65.95%, 90.90%, 86.90% and 86.11% in
clock power, BRAM power, leakage power and total
power respectively for the circuit design with BRAM.
The circuit designed using BRAM uses less number of
components than the circuit designed without BRAM.
The circuit designed with BRAM achieves more
reduction in total power as compared to the design
without BRAM. Hence area optimization is achieved
in this work in addition to power optimization.
5.	FUTURE SCOPE
This circuit design is implemented on Virtex-4
FPGA. It can be redesigned on Virtex-5, Virtex-6,
Virtex-7 and Airtex-7 FPGA. This technique can be
used to design other circuits having asynchronous
reset like latch, flip-flops, adders, and accumulator.
This work is implemented on LVCMOS I/O standard.
There is a scope to implement this design using other
I/O standards. The voltage scaling technique is used
in this work. It can also be designed using frequency
scaling or capacitance scaling methods

fu"d"kZ

Figure 10. Leakage power dissipation for 4-bit signed up
counter.
Table 11: Total power dissipation for 4-bit signed up counter
Circuit
Configuration

1.5V

1.2V

1.0V

0.9V

0.5V

With BRAM

5.767

2.182

1.382

1.164

0.801

Without
BRAM

5.882

2.288

1.489

1.272

0.912

Figure 11. I/O power dissipation for 4-bit signed up counter.

chvkj,,e ds fcuk lÆdV fMtkbu ds fy,, bles 6666] 86-95 vkSj 84-49 izfr”kr dh deh Øe”k% DykWd ikoj]
fjlko ikoj vkSj dqy ikoj esa gksrh gS] tc oksYVst dks 1-5oh
ls 0-5oh uhps djrs gSA oksYVst LdsÇyx 1-5oh ls 0-5oh ds
ckn Hkh, chvkj,,e ds lkFk lÆdV fMtkbu ds fy,, bles
65-95] 90-90] 86-90 vkSj 86-11 izfr”kr deh Øe”k% DykWd
ikoj] chvkj,,e ikoj] fjlko ikoj vkSj dqy ikoj esa gqbZ gSA
chvkj,,e ds fcuk fMtkbu dh rqyuk esa chvkj,,e ds lkFk
lÆdV fMtkbu ds fy, bLrseky fd;k ?kVdksa dh la[;k 50
izfr’kr ls Hkh de gSA chvkj,,e ds fcuk fMtkbu dh rqyuk
esa chvkj,,e ds lkFk lÆdV fMtkbu dqy ikoj esa vkSj vf/kd
deh dks izkIr djrk gSA blfy, bl dke esa {ks= vuqdwyu ds
lkFk ikoj vuqdwyu Hkh izkIr gqvk gSA
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lkjka”k
thih,p,y 4 fuEu ikoj vkbZvks ekudks dk lewg gSA th thVh,y dks] ih ihlhvkbZ dks] ,p ,p,l;w,y
dks vkSj ,y ,yohVhVh,y vkbZvks ekudks dks iznf”kZr djrk gSA thVh,y xÇux Vªkalhoj ykWftd gS] ihlhvkbZ
ifj/kh; ?kVd baVjQ+sl gS, ,p,l;w,y mPp xfr dk u lekIr gksus okyk ykWftd gS vkSj ,yohVhVh,y fuEu
oksYVst VªkaftLVj VªkaftLVj ykWftd gSA bl dk;Z esa] ge thih,p,y vkbZvks ekudks ds lkFk osjhyksx ,pMh,y,
ftÇyDl flE;qysVj, 90,u,e ojVsDl&4 ,Qihth, vkSj dsaVsDl&7 ,Qihth, vk/kkfjr 28,u,e izkS|ksfxdh dk
mi;ksx FkeZy vos;j vkSj fuEu ikoj oSfnd xq.kd ds fMtkbu ds fy, fd;k tk jgk gSA vkbZvks ekudksa dk
pquko ,Qihth, ij “kfä ds viO;; esa ,d egRoiw.kZ Hkwfedk fuHkkrk gSA bl dk;Z esa, ge vius fuEu ikoj
oSfnd xq.kd fMtkbu ds fy, bu 4 vkbZvks ekudksa esa ls fuEu ikoj daT;wej vkbZvks ekud dks ys jgs gSA tc
ge thVh,yih, thVh,yih&MhlhvkbZ vkSj thVh,y&MhlhvkbZ vkbZvks ekudksa ds LFkku ij thVh,y dk mi;ksx
dj jgs gSa] rc 53-50 fMxzh lsfYl;l ifjos”k rkieku ij vkbZvks ikoj viO;; esa Øe”k% 36-76] 82-66] vkSj 72-78
izfr”kr dh deh gSA tc geus ifjos”k rkieku dks 56-7 fMxzh lsfYl;l ls 53-5] 40 vkSj 21 fMxzh lsfYl;l de
fd;k rc bles ihlhvkbZ vkbZvks ekud oxZ ds fy, yhdst ikoj esa 2-83] 12-43 vkSj 23-16 izfr”kr Øe”k% dh
deh vkSj ,p,l;w,y vkbZvks ekud oxZ ds fy, yhdst ikoj esa 10-9] 40-9 vkSj 23-16 izfr”kr Øe”k% dh deh
gqbZ gSA ,yohVhVh,y vkbZvks ekud oxZ ds fy,, tc geus ifjos”k rkieku dks 56-7 fMxzh lsfYl;l ls 53-5] 40
vkSj 21 fMxzh lsfYl;l de fd;k] rc bles yhdst ikoj vkSj dqy ikoj nksuksa esa 2-83] 12-43 vkSj 23-16 izfr”kr
Øe”k% dh deh gqbZ gSA
Abstract
GPHL is group of 4 low powers I/O standards. G stands for GTL, P is PCI, H means HSUL and
L is LVTTL I/O Standards. GTL is gunning transceiver logic, PCI is peripheral component interface,
HSUL is high speed unterminated logic and LVTTL is Low Voltage Transistor Transistor Logic. In this
work, we are going to design both thermal aware and low power Vedic multiplier using Verilog HDL,
Xilinx Simulator, 90nm Virtex-4 FPGA and 28nm technology based Kintex-7 FPGA along with GPHL
I/O standard. Selection of I/O standards plays a significant role in power dissipation on FPGA. In this
work, we are selecting the least power consumer I/O Standards among these 4 I/O standards for our low
power Vedic multiplier design. When we are using GTL in place of GTLP, GTLP_DCI, and GTL_DCI
I/O standards, then there is 36.76 per cent, 82.66 per cent, and 72.78 per cent reduction in I/O power
dissipation respectively at 53.5° C ambient temperature. When we scale down ambient temperature from
56.7 oC to 53.5 oC, 40 °C and 21 oC, then there is 2.83 per cent, 12.43 per cent, and 23.16 per cent
reduction in leakage power respectively for PCI I/O standards family and there is 10.9 per cent, 40.9
per cent, and 62.73 per cent reduction in leakage power respectively for HSUL I/O standard family.
For LVTTL I/O standards family, when we scale down ambient temperature from 56.7 °C to 53.5 °C,
40 °C and 21 °C, then there is 2.83 per cent, 12.43 per cent, and 23.16 per cent reduction respectively
in both leakage and total power.
Keywords: GTL, PCI, HSUL, Mobile DDR, I/O standards, low power, VLSI design, vedic multiplier, FPGA

1.

INTRODUCTION
In our Vedic multiplier 1-3, 6-8 design, we are using
the efficiency of ‘Urdhva Tiryagbhyam’ to achieve
performance because it enables parallel generation of
intermediate products. We are using 90-nm technology
based FPGA 4, 28-nm technology based FPGA 5 along
with I/O Standards for both energy efficient and

thermal aware Vedic multiplier design.
. Previous work on energy efficient Vedic multiplier
was based on LVDCI 1, LVCMOS 2,3 and HSTL 3 I/O
standards. In this work, we are extending that work
to GPHM group of I/O standard. G stands for GTL,
P is PCI, H means HSUL and M is Mobile DDR I/O
Standards. GTL is gunning transceiver logic, PCI is
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Table 1. Reference, output source and board termination
voltage

Figure 1. 	Techniques used in thermal aware low power vedic
multiplier.

peripheral component interface, HSUL is high speed
unterminated logic and DDR is double data rate.

I/O Standard

Input
Reference
Voltage
(VREF)

Output Source
Voltage
(VCCO)

Board
Termination
Voltage
(VTT)

GTL

0.8

N/A

1.2

GTL+

1.0

N/A

1.5

PCI

N/A

3.3

N/A

HSUL

0.6

MOBILE
DDR

N/A

1.8

N/A

LVTTL

N/A

3.3

N/A

LVCMOS25

N/A

2.5

N/A

supplies 5. FPGA and ASIC Implementation of 16-Bit
Vedic Multiplier is using Urdhva Tiryagbhyam Sutra 6.
VHDL Implementation of Complex Number Multiplier
using Vedic Mathematics is discussed 7. The helps us
to select the formula (Urdhva Tiryagbhyam) 6 and HDL
(VHDL) for our Vedic multiplier design 7. In our work,
we are extending these existing works and techniques
with GPHM I/O standards, and thermal scaling 9,10 to
design thermal aware Vedic multiplier.

Figure 2. GPHL I/O standard family.

The design of low power and high performance
multiplier is so important because speed of arithmetic
logic unit (ALU) depends greatly on the multiplier. Speed
of Math Co-processor design is directly proportional
to speed of ALU. Similarly, the speed of processor
is depending on speed of math co-processor. Xerox
develops high speed bus standards and called it
Gunning Transceiver Logic (GTL) I/O standard 4. In
our work, we are using 4 different GTL I/O standards
for energy efficient design of Vedic Multiplier. GTL
has both differential amplifier input buffer and Open
Drain output buffer 4. Peripheral Component Interface
(PCI) I/O standard uses an LVTTL input buffer and
a Push-Pull output buffer 4 . This standard has not
reference voltage (VREF) and board termination voltage
(VTT). It has 3.3V output source voltage (VCCO) 4.
HSUL_12 has both unidirectional and bidirectional
board topology 5.
Mobile DDR is a 1.8V single-ended I/O standard
that eliminates the need for VREF and VTT voltage
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Figure 3. Schematic of vedic multiplier.

Figure 4. Relation between leakage, I/O and total power
dissipation.
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This schematic of Vedic multiplier is using 8
look up table in Virtex-6 as shown in Fig. 1. Out of
8 lookup table, it has two LUT2 and six LUT4. There
are eight input buffers and eight output buffer also.

2.

GUNNING TRANSCEIVER LOGIC I/O
STANDARD

Table 2. Total power dissipation in thermal aware vedic
multiplier
56.7 °C

53.5 °C

40 °C

21 °C

GTL

0.218

0.213

0.196

0.177

GTLP

0.244

0.239

0.222

0.203

GTLP_DCI

0.428

0.423

0.405

0.385

GTL_DCI

0.335

0.331

0.313

0.293

When we are using GTL in place of GTLP,
GTLP_DCI, and GTL_DCI IO standards, then there
is 10.66%, 49.06%, and 34.93% reduction respectively
at 56.70C ambient temperature as shown in Table 2
and Figure 4.
Table 3. Leakage power dissipation in thermal aware vedic
multiplier
56.7 °C

53.5 °C

40 °C

21 °C

GTL

0.175

0.170

0.153

0.134

GTLP

0.176

0.171

0.154

0.135

GTLP_DCI

0.180

0.175

0.157

0.137

GTL_DCI

0.178

0.173

0.155

0.136

When we scale down ambient temperature from
56.7°C to 21°C, then there is 23.43%, 23.3%, 23.89%
and 23.59% reduction for using GTL, GTLP, GTLP_
DCI, and GTL_DCI I/O standards respectively as
shown in Table 3.
Table 4. I/O power dissipation in thermal aware vedic
multiplier
56.7 °C

53.5 °C

40 °C

21 °C

GTL

0.043

0.043

0.043

0.043

GTLP

0.068

0.068

0.068

0.068

GTLP_DCI

0.248

0.248

0.248

0.248

GTL_DCI

0.158

0.158

0.158

0.158

When we are using GTL in place of GTLP,
GTLP_DCI, and GTL_DCI I/O standards, then there
is 36.76%, 82.66%, and 72.78% reduction in I/O
power dissipation, respectively at 53.5 ° C ambient
temperature, as shown in Table 4.

3.	PERIPHERAL COMPONENT INTERFACE
I/O STANDARD
When we are using any I/O standards of PCI
family, then there is no change in either leakage

Figure 5. Total power dissipation in vedic multiplier using
GTL.
Table 5. Total power dissipation in thermal aware vedic
multiplier
56.7 °C

53.5 °C

40 °C

21 °C

PCI33_3

0.177

0.172

0.155

0.136

PCI66_3

0.177

0.172

0.155

0.136

PCIX

0.177

0.172

0.155

0.136

power or total power as shown in Tables 5-6. When
we scale down ambient temperature from 56.7 ° C to
53.5 ° C, 40 ° C and 21 ° C, then there is 2.83 per cent ,
12.43 per cent , and 23.16 per cent reduction in leakage
power respectively as shown in Table 6.
Table 6. Leakage power dissipation in thermal aware vedic
multiplier
56.7 0 C

53.5 0 C

40 0 C

21 0 C

PCI33_3

0.177

0.172

0.155

0.136

PCI66_3

0.177

0.172

0.155

0.136

PCIX

0.177

0.172

0.155

0.136

4.	HIGH SPEED UNTERMINATED LOGIC
I/O STANDARD
When we are using HSUL_12 in place of HSUL_12_
DCI, then there is 13.04 per cent , 14 per cent , 17.24
per cent , and 21.74 per cent reduction, respectively at
56.7 ° C, 53.5 ° C, 40 ° C, and 21 ° C ambient temperature
as shown in Table 7.
Table 7. Total power dissipation in thermal aware vedic
multiplier
56.7 °C

53.5 °C

40 °C

21 °C

HSUL_12

0.140

0.129

0.096

0.072

HSUL_12_DCI

0.161

0.150

0.116

0.092

When we scale down ambient temperature from
56.7 ° C to 53.5 ° C, 40 ° C and 21 ° C, then there is 10.9
per cent , 40.9 per cent , and 62.73 per cent reduction
in leakage power respectively for HSUL I/O standard
family, as shown in Table 8.
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Table 8. Leakage power dissipation in thermal aware vedic
multiplier
56.7 °C

53.5 °C

40 °C

21 °C

HSUL_12

0.110

0.098

0.065

0.041

HSUL_12_DCI

0.110

0.099

0.065

0.041

When we scale down ambient temperature from
56.7 ° C to 53.5 ° C, 40 ° C and 21 ° C, then there is no
change in I/O power for HSUL I/O standard family
as shown in Table 9.
Table 9. I/O power dissipation in thermal aware vedic
56.7 °C

53.5 °C

40 °C

21 °C

HSUL_12

0.031

0.031

0.031

0.031

HSUL_12_DCI

0.051

0.051

0.051

0.051

5.

LVTTL I/O STANDARD
For LVTTL I/O standards family, when we scale
down ambient temperature from 56.7 ° C to 53.5 ° C,
40 ° C and 21 ° C, then there is 2.83 per cent , 12.43
per cent , and 23.16 per cent reduction respectively in
both leakage and total power as shown in Table 10.
Table 10. Power dissipation in thermal aware vedic multiplier
56.7 °C

53.5 °C

40 °C

21 °C

Total

0.177

0.172

0.155

0.136

Leakage

0.177

0.172

0.155

0.136

6.	MOBILE DDR I/O STANDARD
For Mobile DDR I/O standards family, when we
scale down ambient temperature from 56.7 °C to 53.5 °C,
40 ° C and 21 ° C, then there is 8.27 per cent , 33.08
per cent , and 51.13 per cent reduction respectively in
total power as shown in Table 11. For similar thermal
scaling, there is no change in I/O power for HSUL
I/O standard family as shown in Table 11.
Table 11. Power dissipation in thermal aware Vedic multiplier
56.7 °C

53.5 °C

40 °C

21 °C

Total

0.133

0.122

0.089

0.065

Leakage

0.110

0.099

0.066

0.042

I/O

0.023

0.023

0.023

0.023

7.	THERMAL ANALYSIS ON STANDARD
ROOM TEMPERATURE
As shown in Fig. 6 and Table 12, HSUL_12 is
minimum leakage power consumer whereas GTLP_DCI
is maximum leakage power consumer. If we consider
total power dissipation, then Mobile DDR is the
minimum and GTLP_DCI is maximum power consumer
I/O standards among GPHL family.
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Figure 6. Leakage and total power analysis of vedic
multiplier.
Table 12. Thermal analysis of vedic multiplier
Leakage Power

Total Power

GTL

0.134

0.177

GTLP

0.135

0.203

GTLP_DCI

0.137

0.385

GTL_DCI

0.136

0.293

PCIX

0.136

0.136

HSUL_12

0.041

0.072

LVTTL

0.136

0.136

MOBILE DDR

0.042

0.065

8.	CONCLUSION
Power analysis is that HSUL_12 is minimum
leakage power consumer whereas GTLP_DCI is
maximum leakage power consumer. If we consider
total power dissipation, then Mobile DDR is the
minimum and GTLP_DCI is maximum power dissipater
I/O standards among GPHL family. When we scale
down ambient temperature from 56.7 ° C to 53.5 ° C,
40 ° C and 21 ° C, then there is 8.27 per cent , 33.08
per cent , and 51.13 per cent reduction for Mobile DDR
I/O standard family, 2.83 per cent , 12.43 per cent ,
and 23.16 per cent reduction for LVTTL I/O standard
family, 13.04 per cent , 14 per cent , 17.24 per cent ,
and 21.74 per cent reduction for HSUL I/O standard
family, and 2.83 per cent , 12.43per cent, and 23.16 per
cent reduction for PCI I/O standard family in leakage
power dissipation. When we are using GTL in place
of GTLP, GTLP_DCI, and GTL_DCI I/O standards,
then there is 10.66%, 49.06%, and 34.93% reduction
in total power dissipation respectively.
9.	FUTURE SCOPE
In this work, we are using GPHL I/O standards
family available on 90nm technology based Virtex-4 and
28nm technology based Kintex-7 FPGA. In future, we
can design Vedic multiplier using other I/O standards
like LVCMOS, HSTL, SSTL, and LVDCI and so on.
For energy efficient design of Vedic multiplier, we can
go for energy efficient technique like clock gating,
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clock enable, thermal scaling, capacitance scaling,
dynamic frequency scaling, voltage scaling and many
more. Here, our target design is Vedic multiplier based
on Urdhva Tiryagbhyam. In future, we can go for
design of Vedic multiplier with remaining 15 Vedic
formulas. In future, there is also open scope to design
Vedic ALU, Vedic math co-processor and a complete
Vedic processor.

fu"d"kZ
gekjs ikoj fo”ys’k.k dk fu’d’kZ gS fd ,p,l;w,y&12
fuEu ikoj daT;wej gS vkSj thVh,yih&MhlhvkbZ vf/kdre ikoj
daT;wej gSA ;fn ge dqy ikoj viO;; dks ns[ksa] rks thih,p,y
oxZ esa eksckby MhMhvkj fuEu vkSj thVh,yih&MhlhvkbZ
vf/kdre ikoj mRltZd vkbZvks ekud gSA tc geus ifjos”k
rkieku dks 56-7 fMxzh lsfYl;l ls 53-5] 40 vkSj 21 fMxzh
lsfYl;l de fd;k rc bles eksckby MhMhvkj vkbZvks ekud
oxZ ds fy, yhdst ikoj esa 8-27] 33-08] vkSj 51-13 izfr”kr dh
deh, ,yohVhVh,y vkbZvks ekud oxZ ds fy, 2-83] 12-43 vkSj
23-16 izfr”kr dh deh] ,p,l;w,y vkbZvks ekud oxZ ds fy,
13-04] 14] 17-24] vkSj 21-74 izfr”kr dh deh] vkSj ihlhvkbZ
vkbZvks ekud oxZ ds fy, 2-83] 12-43 vkSj 23-16 izfr”kr Øe”k%
dh deh gqbZ gSA tc ge thVh,yih, thVh,yih&MhlhvkbZ vkSj
thVh,y&MhlhvkbZ vkbZvks ekudksa ds LFkku ij thVh,y dk
mi;ksx dj jgs gSa] rc dqy ikoj viO;; esa Øe”k% 10-66] 4906] vkSj 34-93 izfr”kr dh deh gqbZ gSA
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,yohlheksl fuos”k fuxkZe ekud vk/kkfjr fuEu “kfDr nsoukxjh ;wfudksM
jhMj dk ,Qihth, ij dk;kZUo;u
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lkjka”k
gekjs Hkkjrh; lafo/kku esa cMh la[;k esa miHkk’kk,¡ vkSj fyfi;k¡ gSa] ftuesa nsoukxjh fyfi çkFkfed vkSj lc
fyfi;ksa ls vf/kdkf/kd ç;ksx esa vkus okyh fyfi gS A ;a=ksinku vfHkdYi esa lapj.k ykbu dh ijkorZu leL;k
dks lapj.k çfrHkk/kk] iksVZ vkSj midj.k dks ldrs gSaA gekjs “kks/k i= esa geus dksM dks tkbZfyaDl vkb-,l-vkbZlk¶Vos;j 12-1 ij dk;kZofur fd;k gS vkSj ifj.kke dk ijh{k.k 40 uSuks ehVj ,Q-ih-th-,- ij fd;k gSA nsoukxjh
;wfudksM jhMj dks ÅtkZ n{k cukus ds fy, fofHkUu vkofrZvks ij “kfä dk fo”ys’k.k fd;k x;k gSA geus lh eksl
ds fofo/k fuEu oksYVst ,y-oh-lh-eksl-¼fuEu oksYVst d‚fEIyesaVªh esVy v‚DlkbM lsehdaMDVj½ fuos”k fuxZe ekudksa
dks fy;k gSA ;g çk:i 2 esxkgVZ~t] 6 esxkgVZ~t] 8 esxkgVZ~t] 100 esxkgVZ~t] 300 esxkgVZ~t vkSj 3 xhxkgVZ~t dh
çpkyu vko`fr vkSj ,y-oh-lh-eksl- ds pkj fofHkUu fuos”k fuxZe ekud tks fd ,y-oh-lh-eksl- 12] ,y-oh-lh-eksl- 15]
,y-oh-lh-eksl- 18] ,y-oh-lh-eksl- 25 ds lkFk dk;Z djrk gSA çpkyu vko`fr 3 xhxkgsVZ~t ij ,y-oh-lh-eksl- 25
dh vis{kk ,y-oh-lh-eksl-12 esa fuos”k fuxZe “kfä esa 61-58 çfr”kr dh deh vkbZ gSA fuos”k fuxZe ekud cnyus
ij funsZ”k “kfä ,oa dkyn “kfä esa dksbZ cnyko ugha gqvkA funsZ”k “kfä ,oa dkyn “kfä vko`fr ds lkFk ifjofrZr
gksrh gSA ,y-oh-lh-eksl-12 ds fy, vko`fr dks 3 xhxkgsVZ~t ls 100 esxkgsVZ~t djus ij fuos”k fuxZe “kfä esa 97-05%
çfr”kr dh deh gksrh gSAA
bstract
Our Indian constitution has a large number of dialects and scripts with the Devanagari script being
the primary and most widely used among all the scripts. Impedances of transmission line, port and device
should be equal so as to avoid reflection in transmission line which is a usual problem in hardware
design. In our paper, we have implemented our code on Xilinx ISE Design Suite 12.1 and for testing
of results, we were using 40nm FPGA platform. Power analyses have done by varying frequencies to
make our Devanagari Unicode Reader energy efficient. We are using low voltage variants of CMOS:
LVCMOS (Low Voltage Complementary Metal oxide Semiconductor) I/O standards. This design is
tested on 2MHz, 6MHz, 8MHz, 100MHz, 300MHz and 3GHz operating frequency with four different
LVCMOSes which are LVCMOS12, LVCMOS15, LVCMOS18 and LVCMOS25. Reduction of I/O
power is of 61.58% with LVCMOS12 in comparison to LVCMOS25 at 3 GHz operating frequency.
There is no change in the clock power when we change I/O standards. Clock power changes with change
in frequency. There is 97.05% reduction in I/O power when we scale down frequency from 3GHz to
100MHz for LVCMOS12.
Keywords: Devanagari Unicode Reader, LVCMOSes, I/O standards, FPGA, energy efficient

1.

Introduction
Devanagari is coalition of ‘deva’ and ‘nagari’. It
is written from left to right. Devanagri is originated
from Gupta script. In former times, it was used to
write the Gujrati script but nowadays, it is used to
write Sindi, Sanskrit, Maithili, Konkani, Nepali and
Marathi. This makes it the most espoused writing
script of the world 1. Automatic character recognition is

a grueling task. Research has been done on character
detection of Indian script by Chaudary along with
Pal 2. OCR is urbanized by them to read two Indian
language scripts: Devanagari and Bengali 2. In order
to evade transmission line reflection and to perceive
the most energy efficient IO standard for our design,
low voltage variants of complementary metal oxide
semiconductor (LVCMOS) 3,5 were considered ranging
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from low frequency to microwave frequencies. The
implemented design of Devanagari Unicode reader
reads the Devanagari and it displays how many vowels,
consonants, digits are in the text when it is used with
the counter. Text can also be read if the Unicode is
mapped with their vocable.
For example: 0915 is Devanagari consonant ( d ),
0940- is dependent vowel sign of I ( h ), 0909 is
independent vowel sign of U ( m ), 090E is independent
vowel sign of Ai ( ,s ) , 0912 is independent vowel sign
of O ( vks ) as shown in Table 1.
Table 1. Range of Devanagari Unicode scripts
Character Type (o/p port)

Unicode Range

Vowels

0904-0914,093E-094C

Consonants

0915-0939,0958-095F

Digits Sign

0966-096F

Reserved and Other signs

0951-0954, 094D097D,0973-097C, 097E,097F

2. 	EXPERIMENTAL SETUP
LVCMOS is used to design an energy efficient
Devanagari Unicode reader. The experimental setup of
this reader is that we have used Verilog as a hardware
description language. Virtex6 FPGA was selected and
XPower analyzer was used for calculating the power.
Four different LVCMOS I/O Standards are used i.e.
LVCMOS12, LVCMOS15, LVCMOS18, LVCMOS25
at six different frequencies of 2MHz, 6MHz, 8MHz,
100MHz, 300MHz and 3GHz as shown in Fig.1.
The four mention voltages at which LVCMOSes are
working is 1.2V, 1.5V, 1.8V and 2.5V.

Figure 2. Different LVCMOS showing different frequencies.

change in frequency. There is 97.05% reduction in I/O
power when we scale down frequency from 3GHz to
100MHz for LVCMOS12. There is 96.77% reduction
in I/O power when we scale down frequency from
3GHz to 100MHz for LVCMOS25.
In Table 2 and Fig. 3, there is no change in the
clock power and I/O power and the leakage power and
total power remains the same in case of LVCMOS12,
15, 18 but there is a slight change in LVCMOS25 of
Devanagari Unicode Reader.
Table 3 and Fig. 4, shows the power dissipation
at frequency 6MHz and the decrease of power is of
0.14% between LVCMOS12 and LVCMOS25. On the
other side, there is no change in the clock power and
I/O power.
Table 4 and Fig. 5, show the power dissipation
at frequency 100MHz and the decrease of I/O power
Table 2. Power Dissipation when operating at 2MHz
LVCM
OS12

LVCM
OS15

LVCM
OS18

LVCM
OS25

Clock
Power (W)

0.000

0.000

0.000

0.000

IO Power
(W)

0.000

0.000

0.000

0.000

Leakage
Power (W)

0.711

0.711

0.711

0.712

Total Power 0.711
(W)

0.711

0.711

0.712

Figure 1. Specification of Devanagari Unicode Reader.

3.	RESULTS USING LVCMOS IO
STANDARDS
In Fig. 2, the power consumption is least by
using LVCMOS12 and highest at LVCMOS25 I/O
Standard. We are analyzing power in terms of clock
power, I/O power, leakage power and total power.
We are operating our unicode reader with different
frequences of 2MHz, 6MHz, 100MHz, 300MHz, and
3 GHz. There is no change in the clock power when
we change I/O standards. Clock power changes with

Figure 3. Total and I/O power using different LVCMOSes on
2MHz.
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Table 3. Power dissipation when operating at 6MHz
LVCM
OS12

LVCM
OS15

LVCM
OS18

LVCM
OS25

Clock Power(W)

0.000

0.000

0.000

0.000

IO Power(W)

0.000

0.000

0.000

0.000

Leakage Power(W)

0.711

0.711

0.711

0.712

Total Power(W)

0.711

0.711

0.711

0.712

Figure 6. Total and I/O power using different LVCMOSes on
300MHz.

Figure 4. Total and I/O power using different LVCMOSes on
6MHz.
Table 4. Power dissipation when operating at 100MHz
LVCM
OS12

LVCM
OS15

LVCM LVCM
OS18
OS25

Clock Power(W)

0.002

0.002

0.002

0.002

I/O Power(W)

0.002

0.003

0.004

0.006

Leakage Power(W)

0.711

0.711

0.711

0.712

Total Power(W)

0.714

0.716

0.717

0.719

Figure 5. Total and I/O power using different LVCMOSes on
100MHz.
Table 5. Power dissipation when operating at 300MHz
LVCM LVCM

LVCM

LVCM

OS12

OS15

OS18

OS25

Clock Power(W)

0.005

0.005

0.005

0.005

I/O Power(W)

0.007

0.009

0.012

0.018

Leakage Power(W)

0.711

0.711

0.711

0.712

Total Power(W)

0.723

0.726

0.728

0.735
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is of 66.66% between LVCMOS12 and LVCMOS25.
On the other side, there is no change in the clock
power.
Table 5 and Fig. 6, shows the power dissipation
at frequency 300MHz and the decrease of I/O power
is of 61.11% when we use LVCMOS12 in place of
LVCMOS25. On the other side, there is no change
in the clock power.
Table 6 and Fig. 7, show the power dissipation at
frequency 3GHz and the decrease of I/O power is of
61.58% between LVCMOS12 and LVCMOS25. On the
other side, there is no change in the clock power.
Table 6. Power dissipation when operating at 3GHz
LVCM
OS12

LVCM LVCM
OS15
OS18

LVCM
OS25

Clock Power(W)

0.049

0.049

0.049

0.049

I/O Power(W)

0.068

0.093

0.116

0.177

Leakage Power(W)

0.713

0.714

0.715

0.717

Total Power(W)

0.836

0.862

0.886

0.949

Figure 7. Total and I/O power using different LVCMOSes on
100MHz.

4.	CONCLUSION
The reduction in power dissipation at different
frequency using different I/O standards was noticed
during the experiment. LVCMOS12 operating at
1.2V gave the highest power reduction on different
frequency using virtex-6 FPGA. This shows that the
energy efficient Devanagari is varied at different
frequences starting from the minimum to highest and
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the power dissipation is calculated using different
LVCMOSes.

5.	FUTURE SCOPE
The Devanagari Unicode reader is implemented
on Virtex-6 i.e., 40nm FPGA, so this reader can be
implemented on 28nm FPGA. The coverage at 22
different languages than Devanagari Unicode reader
can be implemented using different FPGA. Here, we
are using 40nm; we can implement using Silicon
Blue’s iCE 65 FPGA; Cyclone Series FPGA, and
other Xilinx FPGA Families.

fu"d"kZ

bl ijh{k.k esa fofHkUu vko`fr;ksa ij fofHkUu fuos”k fuxZe
ekudksa dk ç;ksx djus ij “kfä viO;; esa deh ns[kh x;h
gSA lcls vf/kd “kfä viO;; esa deh oVSZDl&6 ,Q-ih-th-,ij miyC/k 1-2 o‚YV çpkyu oksYVst ds ,yŒ ohŒ lhŒ eksl
12 fuos”k fuxZe ekud ds mi;ksx djus ls gqbZ gSA ÅtkZ n{k
nsoukxjh dh “kfä viO;; esa deh rc Hkh ns[kh x;h gS tc
ge çpkyu vko`fr;ksa dks mPpre ls fuEu dh vkSj ys tkrs gS
vkSj ,yŒ ohŒ lhŒ ekslŒ fuos”k fuxZe ekudksa esa dksbZ ifjorZu
ugha djrs gSA
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lkjka”k
bl “kks/k i= esa geus fuos”k fuxZe vk/kkfjr ÅtkZ n{k nsoukxjh dksM dk fuekZ.k fd;k gSA Hkkjr ns”k esa fgUnh
Hkk’kk dks fy[kus ds fy, nsoukxjh dk ç;ksx fd;k tkrk gSA çR;sd fyfi }kjk lqLi’V dgkorksa dk lrr ç;ksx
mls vuwBkiu çnku djrk gSA bl “kks/k i= esa ge tkbZfyaDl vkb-,l-vkbZ- lk¶Vos;j 14-2 dks mi;ksx es ykdj
nsoukxjh ;wfudksM dk fuekZ.k dj jgs gSa vkSj ifj.kke dks 28 uSuks ehVj ,Q-ih-th-,- IysVQksje ij tkapk gSA geus
“kfä dk fo”ys’k.k 300 esxk gsVZ~t] 1 fxxk gsVZ~t vkSj 3 fxxk gsVZ~t vkofrZvksa dk fofHkUu ,y-oh-lh-eksl- ¼yks oksYVst
dksaiysaVjh esVy v‚DlkbM lsehdaMDVj½ fuos”k fuxZeekudksa dk ç;ksx djds fd;k gSAgekjk y{; dhusVsDl&7 gSAdqy
‘kfä vio¸; esa deh 300 esxk gsVZ~t vkSj 1 fxxk gsVZ~t ]3 fxxk gsVZ~t ds lanHkZ esa ,y-oh-lh-eksl- 15 dk ç;ksx
djds 46-15% vkSj 60% dh gSA fofHkUu ,y-oh-lh-eksl- fuos”k fuxZe ekudksa ij laf/kLFky rkieku de gksrk gSA
Abstract
In our paper, we have designed an I/O Standard based Energy Efficient Devanagari Unicode Reader.
Devanagari is used for writing the Hindi language in India. As each script, has peculiarities of its own,
which every now and then require an unambiguous ‘idiom’ for the particular script. In this paper we
have implemented our Devanagari Unicode Reader code on Xilinx ISE Design Suite 14.2 and the results
were tested using 28nm FPGA platform. We have done the power analyses using 300MHz, 1GHz, and
3GHz frequencies at different LVCMOS (Low Voltage Complementary Metal Oxide Semiconductor).
Our target FPGA is Kintex-7 FPGA. The total power reduction at frequency 300MHz and 1 GHz with
respect to 3GHz and by using IOstandard LVCMOS15 is 46.15% and 60% respectively. The junction
temperature reduces at different LVCMOSes.
Keywords: I/O standard, FPGA, LVCMOS, Devanagari unicode reader, leakage power, energy
efficient

1.

Introduction
Low power Unicode reader outline is gaining
special consideration in Devanagari natural language
processing. Research has previously being done
on power efficient Bengali Unicode Reader based
on thermal alert techniques 1. These days with the
advancement in Information Technology, in India
where the majority of people are Hindi language
speaking, a ideal Devnagari Spell Checker is required
for word dispensation of articles in Hindi language 2.
Devanagari being the official script of India, spoken by
more than 500 million people should be given added
interest so that document recovery and analysis of
rich olden and modern Indian text can be efficiently
finished 3. Previously Devanagari was used as script
of Gujrati but presently, it is used to write Hindi,
Sanskrit, Marathi, Sindhi, Maithili, Konkani and
Nepali, that makes it one of the most adopted scripts
of the world 1. In this work, a low power Devanagari

Unicoder is designed using different LVCMOSes.
The Devanagari Unicode involves different 16-bit
hexadecimal code for independent vowels, dependent
vowels, consonants, and different signs. LVCMOS15,
LVCMOS18, LVCMOS25 takes 1.2V, 1.8V, and 2.5V
as driver voltages, respectively. Interior supply voltage
of FPGA is 1.2V and supplementary supply voltage
is 2.5V 4. Power reduction, by tradition relegate to the
synthesis and circuit level, now is shifted to the System
Level and Register-Transfer-Level 5. The block diagram
of Devnagari Unicode reader is shown in Fig.1.
With thermal scale, there is no transform in clock
power, logic power, signal power and I/O Power 6.
We have studied different 90nm FPGA, 65nm
FPGA, 40nm FPGA and 28nm FPGA. We are working
on 28nm technology based KIntex-7 FPGA. As shown
in Fig.1, this Unicode reader takes 16-bit inputs and
specifies whether the input is consonant, vowel, digit
or other sign.
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Figure 3. Different LVCMOS showing different frequencies.
Table 1. Power Dissipation when Operating at 300MHz
Figure 1. Schematic of Devanagari Unicode Reader (DUR).

LVCMOS15

LVCMOS18

LVCMOS25

Clock Power(W)

0.002

0.002

0.002

I/O Power(W)

0.005

0.006

0.010

Leakage
Power(W)

0.045

0.045

0.046

Total Power(W)

0.052

0.054

0.059

Junction
Temperature (oC)

25.1

25.1

25.1

Figure 2. Specification of energy efficient DUR.

2.	EXPERIMENTAL SETUP
An energy efficient Devanagari Unicode reader is
designed using different LVCMOSes. The experimental
arrangement of this reader is that verilog language is
as the hardware description language. Kintex-7 FPGA
is preferred and XPower analyzer is used to calculate
the power. Three different LVCMOS IOStandards are
used i.e. LVCMOS15, LVCMOS18, LVCMOS25 at three
different frequencies of 300MHz, 1GHz and 3GHz.
The three position voltages at which LVCMOSes will
be working are 1.5V, 1.8V and 2.5V.
3.	RESULTS USING LVCMOS I/O STANDARD
In Fig.1, the total power consumption is least
by using I/OStandard LVCMOS15 and highest at
LVCMOS25. There is 60% reduction in total power
when we range down frequency from 3GHz to 300MHz
for LVCMOS15.
In Fig.4 and Table1, the power dissipation is
calculated at 300MHz. There is no modification in the
clock power. The I/O power and leakage power decreases
from LVCMOS25 to LVCMOS15. The power reduction
in total power dissipation is of 11% but the junction
temperature the remains same at all LVCMOSes.

Figure 4. I/O power with different LVCMOSes on 300MHz.

In Table 2 and Fig.5, the power dissipation is
calculated at 1GHz. There is no modification in the
clock power. The IO power and leakage power decreases
from LVCMOS25 to LVCMOS15. The power reduction
in total power dissipation is of 21% but the junction
temperature decrease at LVCMOS15.
In Table 3 and Fig. 6, the power dissipation
is calculated at 3GHz. There is no modification in
the clock power. The IO power and leakage power
decreases from LVCMOS25 to LVCMOS15. The
power reduction in total power dissipation is of 30%
but the junction temperature decreases at LVCMOS15
and LVCMOS18.
211

managing information technology

Table 2. Power dissipation when operating at 1GHz
LVCMOS15

LVCMOS18 LVCMOS25

Clock Power(W)

0.008

0.008

0.008

IO Power(W)

0.015

0.020

0.034

Leakage Power(W)

0.045

0.045

0.046

Total Power(W)

0.070

0.075

0.089

Junction
Temperature(oC)

25.1

25.2

25.2

fu"d"kZ
blls ge bl fu’d’kZ ij igq¡prs gS fd ijh{k.k esa fofHkUu
fuos”k fuxZe ekudksa ij fofHkUu vko`fr;ksa ij “kfä ds viO;;
esa deh gksrh gSA lcls vf/kd “kfä viO;; esa deh fofHkUu
vkofrZ;ksa dk ,yŒ ohŒ lhŒ eksl 15 dk çpkyu 1-5 o‚YV
ij ,Q-ih-th-,- ojVSDl&6 ij dk;kZUou djds gksrh gSA ÅtkZ
n{k nsoukxjh dh “kfä viO;; ifjdfyr dk fofHkUu vko`fr;ksa
tSls 300 esxk gsVZ~t]1 fxxk gsVZ~t vkSj 3 fxxk gsVZ~t dk
fofHkUu ,yŒ ohŒ lhŒ ekslŒ fuos”k fuxZe ekudksa ds lkFk fd;k
x;k gSA

Figure 5. I/O Power with different LVCMOSes on 1GHz.
Table 3. Power dissipation when operating at 3GHz
LVCMOS15

LVCMOS18

LVCMOS25

Clock Power(W)

0.034

0.034

0.034

IO Power(W)

0.046

0.060

0.102

Leakage Power(W)

0.045

0.045

0.046

Total Power (W)

0.130

0.144

0.187

Junction
Temperature (oC)

25.3

25.3

23.4

Figure 6. I/O Power with different LVCMOSes on 3GHz.
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4.	CONCLUSION
The reduction in power dissipation at different
frequencies using different I/O standard were noticed
during the experiment. LVCMOS15 operating at 1.5V
gave the utmost power reduction on different frequencies
using virtex-6 FPGA. This shows that the energy
efficient Devnagari is varied at different frequencies
i.e., 300MHz, 1GHz and 3GHz the power dissipation
is calculated using different LVCMOSes.

5.	FUTURE SCOPE
The Devnagari Unicode reader is implemented
on 28nm FPGA, so this reader can be implemented
on 20nm FPGA, 14nm FPGA, 3D ICs and System
on Chip (SoC). Here, we are using Xilinx 7 series
FPGA; we can implement Unicode reader on Silicon
Blue’s iCE 65 FPGA; Cyclone Series FPGA, and
other Xilinx FPGA families. This Unicode reader is
designed for Devanagari. In future, we can go for
22 official languages of India and more than 1000
languages of the world for which Unicode consortium
has allocated Unicode range.
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lkjka”k
bl dk;Z esa 25 fMxzh lsfYl;l ifjos”k rkieku ij 28 ,u,e ÇdVsDl&7 ls ÅtkZ dq”ky vkSj FkeZy vos;j
best ,,y;w dks fMtkbu fd;k x;kA ftÇyDl 14-2 vkbZ,lbZ fMt+kbu Vwy gSA “kfä vkSj rkieku vuqdwfyr best
,,y;w gksuk cgqr t:jh gS blfy, ge oksYVst vkSj vko`fŸk LdsÇyx n`f”Vdks.k dk mi;ksx dj jgs gSaA ge 1 xhxk
gV~t+Z ls 35 xhxk gV~t+Z vko`fŸk vkSj 2 oksYV ls 1-2 oksYV dh oksYVst LdsÇyx dj jgs gSa vkSj best ,,y;w dk
yhdst+ ikoj, dqy ikoj vkSj taD”ku rkieku dh tkap dj jgs gSA vko`fŸk LdsÇyx rduhd 1 xhxk gV~t+Z vko`fŸk
vkSj vkxs dh vko`fŸk ds fy, yhdst+ ikoj [kir dks 88-8 ls 44-8 izfr”kr jsat esa, dqy ikoj [kir dks 46.8 ls
21-36 izfr”kr jsat esa vkSj taD”ku rkieku dks 4-982 ls 2-13 izfr”kr jsat esa de djus esa l{ke gS tcfd oksYVst
LdsÇyx rduhd 2 oksYV vkSj vkxs dh oksYVst ij yhdst+ ikoj [kir dks 96.4 ls 66 izfr”kr jsat esa] dqy ikoj
[kir dks 97.1 ls 40-5 izfr”kr jsat esa vkSj taD”ku rkieku dks 77-6 ls 27-5 izfr”kr jsat esa de djus esa l{ke
gS tks best ,,y;w ¼vFkZesfVd ykWftd ;wfuV½ ÅtkZ dq”ky FkeZy vos;j cukrk gSA
Abstract
In this work, energy efficient and thermal aware image arithmetic logic unit (ALU) is designed using
28 nm Kintex-7 at ambient temperature of 25 °C. Xilinx 14.2 ISE is the design tool. It is important to have
power and temperature optimised Image ALU for this reason voltage and frequency scaling approach is
used. Voltage values are scaled from 2 V to 1.2 V and frequency from 1GHZ to 35 GHz and examining
the leakage power, total power and Junction temperature of Image ALU. Frequency scaling technique
is able to reduce leakage power consumption in the range of 88.8 per cent to 44.8 per cent, total power
consumption in the range 46.8 per cent to 21.36 per cent and Junction temperature range from 4.982
per cent to 2.13 per cent for 1GHz frequency and so on, whereas voltage scaling technique is able to
reduce leakage power consumption in the range of 96.4 per cent to 66 per cent, total power consumption
in the range 97.1 per cent to 40.5 per cent and Junction temperature range from 77.6 per cent to 27.5
per cent at 2 Volts and so on, which makes Image ALU energy efficient and thermal aware.
Keywords: Image ALU, low power, frequency optimisation, voltage optimisation, power optimisation,
FPGA

1.

Introduction
ImageALU is an Arithmetical and Logical data
processing processor which is reliable in energy
efficiency1 perspective, for this purpose 28 nm technology1
based FPGA is utilised. Arithmetic operations such
as addition, subtraction, multiplication, division, so
on and logical operations such as NOT, OR, AND,
XOR and so on are performed. The decrease in power
dissipation and junction temperature is analyzed in
ImageALU design. In an Image ALU we are taking
two images of 16 bits and performed various arithmetic

and logic operations. Block diagram of Image ALU is
shown in Fig.1. In this work we optimized frequency
and voltage in Image ALU design to save power and
junction temperature 1. The decrease in power dissipation
is analyzed with equation 1.
Power=Capacitance*Voltage 2*Frequency
(1)
The dynamic power is directly proportional to the
square of the voltage and frequency. Hence with the
help of frequency and voltage optimization leakage
power, total power and the junction temperature are
reduced.
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Figure 1. Block diagram image ALU.

consumption and the Junction temperature of Image
Inverter, In Islam 5 et al. voltage Scaling of Mobile
Battery Charge Controller Sensor is implemented Paper
is based on energy efficient FIR filter for digital signal
processing is designed using 28nm Kintex-7 6. Present
paper also follows energy efficient design using 28nm
Kintex-7.Frequency and Voltage scaling results in
change in leakage power, total power as well as the
Junction temperature of Image ALU design. Chow 4
et al. describes the voltage scaling of commercial
FPGAs. In Asano 8 et al. has done comparison to FPGA
with GPU and CPU in image processing focuses on
Dynamic Power Reduction of ALU using LVCMOS 9.
ALU design and implementation is done on 28nm
FPGA using voltage optimization is done by Satyn 10.
et al. In 11 capacitive Scaling is implemented on low
power ALU. In Paper 12 Green ImageALU is designed
on different FPGA using SSTL technique. In this paper
Kintex-7 FPGA is used to design ImageALU so as to
make it Energy efficient and thermal aware. Paper by
Bansal 13 et al. is based on low power design of ROM,
present work is also based on low power design of
Image ALU. Paper by Tuan-Tim 14 et al. and Kumar 15
et al. are also based on 90nm low power design of
FPGA and energy efficient design on ultra-scale FPGA.
This paper also focuses on low power energy aware
image ALU design.

3.	RESULTS OF FREQUENCY SCALING
Kintex-7 FPGA is based on 28nm technology.
It is effective to reduce effective and total power
dissipation and junction temperature of target design.
We are operating ALU with different frequency of
1GHz, 5GHz, 15GHz, 25GHz and 35GHz. Frequency
scaling 3 results are as follows:
Figure 2. RTL schematic of image ALU.

2.

LITERATURE REVIEW
Technology scaling is advancing from 40nm to
28 nm, Pandey 1 et al. apply voltage optimization
to reduce dynamic power in both 28nm and 40nm
technologies and concluded that 28nm Technology based
FPGA is more power effective FPGA in comparison to
40nm technology based FPGA Artix7, hence we apply
frequency and voltage optimization on ImageALU to
reduce the power on 28nm technology using Kintex-7.
In Paper by Pandey 2 et al. energy Efficient ALU
Design and Implementation is done on 28nm FPGA
using IO standards LVCMOS. In this paper, Image
ALU is designed using Kintex-7 to achieve low
power. In Paper by Das 3 et al. capacitance scaling
and frequency scaling is done in order to make energy
efficient Image Inverter design. In Paper by Kumar 4
et al. frequency scaling results variations in power

3.1 ALU Operating Frequency 1GHz
With 28nm technology and 1GHz operating frequency,
there is 44.8%, 68.9%, 81.9% and 88.9% reduction in
leakage power, 21.36%, 33.99%, 41.81% and 46.8%
reduction in Total Power 4, 2.13%, 3.558%, 4.626%
and 4.982% reduction in junction temprature 5,when the
range of voltage is 2V-1.2V with step size of 0.2V.
Table 1. Operating frequency 1GHz on 28nm FPGA
Frequency (F) = 1GHz
Voltage (V)
volts

Leakage
Power (LP)
watts

Total Power
(TP)watts

Junction
Temperature
(JT)degree C

2

0.625

1.521

28.1

1.8

0.345

1.196

27.5

1.6

0.194

1.004

27.1

1.4

0.113

0.885

26.8

1.2

0.07

0.808

26.7
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change in leakage power of 0.555W, total power of
0.713W and junction temperature of 1.4 0C is possible
with voltage reduction of 1.2 V as shown in Table
1 and Fig. 3.

in leakage power, 8.58%, 13.8%, 17.38% and 19.99%
reduction in total power, 5.78%, 8.19%, 10.28% and
11.89% reduction in junction temperature when range
of voltage is 2V-1.2V with step size of 0.2V.The
magnitude of leakage power reduction is 2.156W, total
power reduction is 3.63W and junction temperature
reduction is 7.4 0C when voltage reduces from 2V to
1.2V as shown in Table 3 and Fig. 5.
Table 3. Operating frequency 15 GHz on 28nm FPGA
Frequency(F) = 15GHz

Figure 3. Power and Junction Temperature at F = 1GHz.

3.2 ALU Operating Frequency 5GHz
When 5 GHz is operating frequency and FPGA is
28nm [6], there is 46.3%, 70.78%, 83.5% and 90.4%
reduction in leakage power, 9.72%, 16.0%, 20.5%
and 23.85% reduction in total power, 3.37%, 5.71%,
7.27% and 8.31% reduction in junction temperature
when range of voltage is 2V-1.2V with step size of
0.2V. Highest change in leakage power of 0.848W,
total power of 1.561W and junction temperature of
3.2 0C is possible when voltage reduces to 1.2V as
shown in Table 2 and Fig. 4.

Voltage(V)
volts

Leakage
Power(LP)
watts

Total
Power(TP)
watts

Junction
Temperature
(JT)degree C

2

2.332

18.159

62.2

1.8

1.185

16.6

59

1.6

0.615

15.646

57.1

1.4

0.324

15.002

55.8

1.2

0.176

14.528

54.8

Table 2. Operating frequency 5 GHz on 28nm FPGA
Frequency(F) = 5GHz
Voltage (V)
volts

Leakage
Power (LP)
watts

Total Power
(TP)watts

Junction
Temperature
(JT) 0C

2

0.938

6.57

38.5

1.8

0.503

5.931

37.2

1.6

0.274

5.513

36.3

1.4

0.154

5.221

35.7

1.2

0.09

5.003

35.3

Figure 5. Power and junction temperature at F = 15GHz

3.4 ALU Operating Frequency 25 GHz
When ALU operate with 25 GHz frequency on
28nm FPGA, there is 53.19%, 76.94%, 88.35% and
93.98% reduction in leakage power, 11.8%, 18.1%,
21.9% and 24.5% reduction in total power, 8.6%, 13.1%,
15.8% and 17.7% reduction in junction temperature
when range of voltage is 2V-1.2V with step size of
0.2V. 5.64W leakage power, 7.83W of total power
and 16.1 0C can save when we scale voltage from 2
V to 1.2V as shown in Table 4 and Fig. 6.
Table 4. Operating frequency 25 GHz on 28nm FPGA
Frequency(F) = 25GHz
Voltage(V)
volts

Leakage
Power(LP)
watts

Total
Power(TP)
watts

Junction
Temperature
(JT)degree C

2

6.002

31.974

90.6

Figure 4. Power and junction temperature at F = 5GHz

1.8

2.809

28.172

82.8

3.3 ALU Operating Frequency 15 GHz
On 15 GHz operating frequency and 28nm FPGA,
there is 49.1%, 73.6%, 86.1% and 92.4% reduction

1.6

1.384

26.178

78.7

1.4

0.699

24.964

76.2

1.2

0.361

24.136

74.5
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Table 6. Operating voltage 2V on 28nm FPGA
Voltage(V) = 2Volts
Leakage
Frequency(F) Power(LP)
GHz
watts

Total
Power(TP)
watts

Junction
Temperature
(JT)degree C

1

0.625

1.521

28.1

5

0.938

6.57

38.5

15

2.332

18.159

62.2

25

6.002

31.974

90.6

35

17.664

53.778

125

Figure 6. Power and junction temperature at F = 25GHz

3.5 ALU Operating Frequency 35GHz
When ALU operates on the highest possible 35Hz
frequency on 28nm Kintex-7 FPGA, there is 62.7%,
82.9%, 91.7%, 95.9% reduction in leakage power,
22.0%, 30.1%, 34.3% and 36.9% reduction in total
power and 11.28%, 18.4%, 22.0% and 24.3% reduction
in junction temperature, when range of voltage is
2V-1.2V with step size of 0.2V as shown in Table
5 and Fig. 7.
Table 5. Operating frequency is 35GHz on 28nm FPGA
Frequency(F) = 35GHz
Voltage(V)
volts

Leakage
Power(LP)
watts

Total
Power(TP)
watts

Junction
Temperature
(JT)degree C

2

17.664

53.778

125

1.8

6.588

41.896

110.9

1.6

3.008

37.561

102

1.4

1.455

35.304

97.4

1.2

0.724

33.92

94.6

Figure 8. Power and junction temperature at V = 2Volts

4.2 ALU Operating Voltage is 1.8 Volts.
When ALU operates at 1.8 volts on 28nm Kintex-7
FPGA, there is total of 94.7% reduction of leakage
power, 97.1% reduction of total power and 7775.2%
reduction of junction temperature as shown in Table
7 and Fig. 9.
Table 7. Operating voltage is 1.8volts on 28nm FPGA
Voltage(V) = 1.8Volts
Frequency(F)
GHz

Leakage
Power (LP)
watts

Total Power
(TP)watts

Junction
Temperature
(JT) 0C

1

0.345

1.196

27.5

5

0.503

5.931

37.2

15

1.185

16.6

59

25

2.809

28.172

82.8

35

6.588

41.896

110.9

Figure 7. Power and junction temperature at F = 35GHz

4.	RESULTS OF FREQUENCY SCALING
4.1 ALU Operating Voltage 2 V
When ALU operates at 2 volts on 28nm Kintex-7
FPGA, there is total of 96.4% reduction of leakage
power, 97.1% reduction of total power and 77.5%
reduction of junction temperature as shown in Table
6 and Fig. 8.

Figure 9. Power and junction temperature at V = 1.8Volts.

4.3 ALU Operating Voltage 1.6 Volts.
When ALU operates at 1.6 volts on 28nm Kintex-7
FPGA, there is total of 93.5% reduction of leakage
power, 97.3% reduction of total power and 73.4%
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reduction of junction temperature as shown in Table
8 and Fig. 10.
Table 8. Operating voltage 1.6 V on 28nm FPGA
Voltage(V) = 1.6Volts
Frequency(F)
GHz

Leakage
Power (LP)
watts

Total Power
(TP)watts

Junction
Temperature
(JT) 0C

1

0.194

1.004

27.1

5

0.274

5.513

36.3

15

0.615

15.646

57.1

25

1.384

26.178

78.7

35

3.008

37.561

102

4.5 ALU Operating Voltage 1.2 Volts
When ALU operates at 1.2 volts on 28nm Kintex-7
FPGA, there is total of 90.33% reduction of leakage
power, 97.6% reduction of total power and 71.77%
reduction of junction temperature as shown in Table
10 and Fig. 12.
Table 10. Operating voltage 1.6 Volts on 28nm FPGA
Voltage(V) = 1.2Volts
Frequency (F)
GHz

Leakage
Power (LP)
watts

Total Power
(TP)watts

Junction
Temperature
(JT) 0C

1

0.07

0.808

26.7

5

0.09

5.003

35.3

15

0.176

14.528

54.8

25

0.361

24.136

74.5

35

0.724

33.92

94.6

Figure 10. Power and junction temperature at V = 1.6Volts

4.4 ALU Operating Voltage is 1.4 Volts
When ALU operates at 1.4 volts on 28nm Kintex-7
FPGA, there is total of 92.2% reduction of leakage
power, 97.4% reduction of total power and 72.4%
reduction of junction temperature as shown in Table
9 and Fig. 11.
Table 9. Operating Voltage 1.4volts on 28nm FPGA
Voltage(V) = 1.4Volts
Leakage
Frequency (F) Power (LP)
GHz
watts

Total Power
(TP)watts

Junction
Temperature
(JT) 0C

1

0.113

0.885

26.8

5

0.154

5.221

35.7

15

0.324

15.002

55.8

25

0.699

24.964

76.2

35

1.455

35.304

97.4

Figure 11. Power and junction temperature at V =1. 4Volts
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Figure 12: Power and junction temperature at V =1. 2Volts

5.	CONCLUSIONS
28nm Technology based FPGA is power and
energy aware FPGA. With Frequency scaling, as the
frequency decreases from 35GHz to 1GHz the reduction
in leakage power is 96.4% at 2 V, 94.7% at 1.8 V,
93.5% at 1.6 V, 92.2% at 1.4 V and 90.3% at 1.2
V. Similarly, the reduction in total power is 97.17%
at 2 V, 97.14% at 1.8 V, 97.3% at 1.6 Volts, 97.4%
at 1.4 Volts and 97.6% at 1.2 V. The reduction in
junction temperature is 77.5% at 2 V, 75.2% at 1.8
V, 73.4% at 1.6 V, 72.4% at 1.4 Volts and 71.7% at
1.2 V. With voltage scaling, as the voltage decreases
from 2 V to 1.2 V the reduction in leakage power is
88.8% at 1GHZ, 90.4% at 5GHZ, 92.4% at 15GHz,
93.98% at 25GHz and 95.9% at 35GHz. Similarly the
reduction in junction temperature is 4.98% at 1GHZ,
8.3% at 5GHZ, 11.8% at 15GHz, 17.7% at 25GHz
and 24.3% at 35GHz.
6.	FUTURE SCOPE
There is an open scope to implement 20nm FPGA,
14nm FPGA, 3D IC, and System on chip for Digital
Image Processing. In future we can go for 32 bit, 64
bit ImageALU architecture. There is a wide scope to

Sandhu et al. : Frequency and Voltage Scaling Based Energy Efficient Thermal Aware Image ALU Design on 28nm

re-implement the above said work on 16nm and7nm
depending on availability of future FPGA.

fu"d"kZ
28,u,e izkS|ksfxdh vk/kkfjr ,Qihth, ikoj vkSj ÅtkZ
vos;j ,Qihth, gSA vko`fŸk LdsÇyx ds lkFk, tSls gh vko`fŸk
esa 35 xhxk gV~t+Z ls 1 xhxk gV~t+Z dh deh djrs gS rks yhdst+
ikoj esa 2 oksYV ij 96-4 izfr”kr] 1-8 oksYV ij 94-7 izfr”kr]
1-6 oksYV ij 93-5 izfr”kr] 1-4 oksYV ij 92-2 izfr”kr vkSj 1-2
oksYV ij 90-3 izfr”kr dh deh gksrh gSA blh rjg ls] dqy
ikoj esa 2 oksYV ij 97-17 izfr”kr] 1-8 oksYV ij 97-14 izfr”kr]
1-6 oksYV ij 97-3 izfr”kr] 1-4 oksYV ij 97-4 izfr”kr vkSj 1-2
oksYV ij 97-6 izfr”kr dh deh gksrh gSA
taD’ku rkieku esa 2 oksYV ij 77-5 izfr”kr] 1-8 oksYV
ij 75-2 izfr”kr] 1-6 oksYV ij 73-4 izfr”kr] 1-4 oksYV ij
72-4 izfr”kr vkSj 1-2 oksYV ij 71-7 izfr”kr dh deh gksrh
gSA oksYVst LdsÇyx ds lkFk] tSls gh oksYVst esa 2 oksYV ls 1-2
oksYV dh deh djrs gS rks yhdst+ ikoj esa 1 xhxk gV~t+Z ij
88-8 izfr”kr] 5 xhxk gV~t+Z ij 90-4 izfr”kr] 15 xhxk gV~t+Z ij
92-4 izfr”kr] 25 xhxk gV~t+Z ij 93-98 izfr”kr vkSj 35 xhxk
gV~t+Z ij 95-9 izfr”kr dh deh gksrh gSA blh rjg ls] taD”ku
rkieku esa 1 xhxk gV~t+Z ij 4-98 izfr”kr] 5 xhxk gV~t+Z ij
8-3 izfr”kr] 15 xhxk gV~t+Z ij 11-8 izfr”kr] 25 xhxk gV~t+Z
ij 17-7 izfr”kr vkSj 35 xhxk gV~t+Z ij 24.3 izfr”kr dh deh
gksrh gSA
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lkjka”k
bl dk;Z esa] ge ÅtkZ n{k baVjusV vkQ fFkaxl ¼vkbZ vks Vh½ l{ke jSe dks cukrs gSaA bls ÅtkZ n{k cukus ds
Øe esa] ge lVc lhjht VjfeusfVM yksftd ¼,l ,l Vh ,y½ fuos”k&fuxZe ekudks dk mi;ksx djsxsaA ge ,l ,l
Vh ,y fuos”k&fuxZe ekud ifjokj ds 5 fofHkUu lnL;ksa dk mi;ksx djsaxs vkSj buesa ls csgrj ÅtkZ n{k lnL;
dh [kkst djsaxsaA ge jSe esa 128 chV vMªsl Mkydj bls bVjusV vkQ fFkaxl l{ke jSe cuk,axsA vUr esa] ge viuh
l{ke dh baVjusV cukus ds fy, jSe esa 128 fcV vkbZih irs Mkyus gSaA var esa] ge ¼vkbZvksVh½ l{ke jSe dks fofHkUu
dkf;Zr vko`fr;ksa 13] 15] 17] eksVks&bZ vkSj eksVks ,Dl ij dke djsaxsaA ge ikrs gSa fd 1-7 xhxkgtZ vko`fr ij
fuos’k&fuxZe esa ÅtkZ [kir 78-14% de gks tkrh gSa tc ge ,l,lVh,y II MhlhvkbZ ds LFkku ,l,lVh,y2&I
dk mi;ksx djrs gS vkSj 79-23% de gks tkrh gSa tc ge ,l,lVh,y18&1 ds LFkku ,l,lVh,y II MhlhvkbZ
dk mi;ksx djrs gSA fjlko [kir esa ,d NksVh deh dks Hkh vuqHko fd;k x;k gSaA
Abstract
In this work, energy-efficient Internet of Things (IoTs)-enable RAM is made. To make it energy
efficient, we are using Stub Series Terminated Logic (SSTL) IO standards. We are using the 5 different
members of SSTL IO standards family and searching the most energy efficient among them. We are
inserting 128-bit IP address in RAM to make internet of things enable RAM. Finally, we are operating
our IOTs Enable RAM with different operating frequency of I3, I5, I7, Moto-E and Moto-X. We find
out that on 1.7 GHz operating frequency, there is maximum reduction of 78.14% in I/O when we use
SSTL2_I instead of SSTL_II_DCI and 79.23% reduction in I/O power when we use SSTL18_I instead
of SSTL_II_DCI. A small amount of reduction in leakage power is also observed.
Keywords: RAM, internet of things, FPGA, SSTL_2,SSTL_18 thermal aware design, energy efficient
design

1.

Introduction
Internet of Things (IoTs) [1] is a concept in which
objects, people or everything around is provided with
a unique id. It is the ability to transfer data over a
network without requiring human-to-human or humanto-computer interaction. By inserting short range mobile
transceivers into a large number of gadgets and daily
items, it is enabling new forms of communication.
We are using IPv6 for IoTs enable design of RAM
as shown in Fig. 1 and Fig. 3. IPv6 address is 128
bits long. So, we can assign 100 addresses to every
atom on the surface of the earth. Therefore, we have
plenty of IPv6 address, which we can assign for
every RAM [2] and make it internet of things (IoTs)
enable RAM.
SSTL for 1.8V (SSTL_18) - SSTL (Stub Series

Figure 1. Internet of things enable RAM.

Terminated Logic) is an electrical interface commonly
used with DDR (Double Data Rate) DRAM memory
ICs and memory modules. This standard defines the

Garg et al.: SSTL-based Internet of Things Enable Processor Specific RAM Design on 40nm FPGA

input, output specifications and ac test conditions for
devices that are designed to operate in the SSTL_18
logic switching range, nominally 0 V to 1.8 V. The
standard maybe applied to ICs operating with separate
VDD and VDDQ supply voltages. Prime focus of this
standard is to improve operation of RAM in such

that operates in the SSTL_2 logic switching range,
nominally 0 V to 2.5 V. Earlier, SSTL was used to
design energy efficient parallel integrator [3], ROM [4]
and Image ALU [5].
Table 1. Operating frequency of different processor
Processor

Frequency (GHz)

I3

2.5

I5

3.6

I7

3.0

Moto-E

1.2

Moto-X

1.7

Table 2.	Power dissipation by different I/O standards at
1.2GHz

Figure 2. Components of energy efficient IoTs enable RAM.

situations where buses must be relatively isolated from
large stubs.. We have enabled a RAM with IP address
(IPV6) and tested different I/O standards (SSTL_2,
SSTL_18) with different frequencies on it.
We are operating our IOTs Enable RAM with
different operating frequency of I3, I5, I7, Moto-E
and Moto-X. And, we are analyzing energy efficiency
in respect of different SSTL IO standard used in
IoTs Enable RAM. SSTL standard is defined in four
clauses: The first clause defines pertinent supply
voltage requirements common to all compliant ICs.
The second clause defines the minimum dc and ac
input parametric requirements and ac test conditions
for inputs on compliant devices. The third clause
specifies the minimum required output characteristics
of, and ac test conditions for, compliant outputs
targeted for various application environments. The
fourth clause specifies requirements for differential
signaling isolated from relatively large stubs. SSTL
for 2.5V(SSTL_2) - This standard defines the input,
output specifications and ac test conditions for devices

Figure 3. IoTs enable RAM.

Clocks

Signals IOs

BRAMs

Leakage Total

SSTL2_I

0.058

0.063

1

2.927

0.815

4.863

SSTL2_II

0.058

0.063

1.071 2.927

0.817

4.936

SSTL2_II_
DCI

0.057

0.063

4.16

2.927

0.922

8.58

SSTL18_I

0.058

0.063

0.946 2.927

0.813

4.807

SSTL18_II

0.058

0.063

1.003 2.927

0.814

4.866

2. THERMAL AND POWER ANALYSIS
We design an IOT enable RAM with an IP version
6 addresses (IPV6). Then we took out power readings
using different processor frequencies namely (I3, I5,
I7, and Motorola) as shown in Table 1.
On 1.2GHz operating frequency, there is 78.1 percent
reduction in I/O when we use SSTL2_I instead of
SSTL_II_DCI and 77.26percent reduction in I/O power
when we use SSTL18_I instead of SSTL_II_DCI as
shown in Table 2.
Variation in IO Standard do not play significant
role in change in clock power dissipation, signals
power dissipation, BRAM power dissipation, and
leakage power dissipation as shown in Table 2.
On 1.7 GHz operating frequency, there is 78.14
percent reduction in I/O when we use SSTL2_I instead
of SSTL_II_DCI and 79.23 percent reduction in I/O
power when we use SSTL18_I instead of SSTL_II_DCI
as shown in Table 3.
Variation in IO Standard do not play significant
role in change in clock power dissipation, signals
power dissipation, BRAM power dissipation, but there
is 11.93 percent reduction in leakage power dissipation
as shown in Table 3.
On 2.5 GHz operating frequency, there is 77.88 percent
reduction in I/O when we use SSTL2_I instead of
SSTL_II_DCI and 79.07 percent reduction in I/O power
when we use SSTL18_I instead of SSTL_II_DCI as
shown in Table 4.
Variation in IO Standard do not play significant
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Table 3. Power dissipation by different I/O standards at
1.7GHz
Clocks

Signals

IOs

BRAMs

Leakage

Total

SSTL2_I

0.083

0.087

1.01

4.147

0.851

6.179

SSTL2_II

0.083

0.087

1.08

4.147

0.853

6.251

SSTL2_II_
DCI

0.08

0.093

4.619

4.147

0.964

9.904

SSTL18_I

0.083

0.087

0.955

4.147

0.849

6.122

SSTL18_II

0.083

0.087

1.013

4.147

0.85

6.181

role in change in clock power dissipation, signals
power dissipation, BRAM power dissipation, but there
is 11.47 percent reduction in leakage power dissipation
as shown in Table 4.
Table 4. Power dissipation by different I/Ostandards at
2.5GHz
Clock

Signal

IOs

BRAMs

Leakage

Total

SSTL2_I

0.123

0.133

1.025

6.098

0.913

8.293

SSTL2_II

0.2123

0.133

1.095

6.098

0.915

8.365

SSTL2_II_
DCI

0.122

0.133

4.634

6.098

1.029

12.017

SSTL18_I

0.123

0.133

0.97

6.098

0.911

8.236

SSTL18_II

0.123

0.133

1.028

6.098

0.913

8.295

On 3 GHz operating frequency, there is 77.73
percent reduction in I/O when we use SSTL2_I instead
of SSTL_II_DCI and 78.9 percent reduction in I/O
power when we use SSTL18_I instead of SSTL_II_DCI
as shown in Table 5.
Variation in IO Standard do not play significant
role in change in clock power dissipation, signals
power dissipation, BRAM power dissipation, but there
is 7.48 percent reduction in leakage power dissipation
as shown in Table 5.
Table 5.	Power dissipation by different I/O standards at
3GHz
Clocks

Signals

IOs

BRAMs

Leakage

Total

SSTL2_I

0.147

0.159

1.034

7.318

0.955

9.614

SSTL2_II

0.147

0.159

1.105

7.318

0.957

9.687

SSTL2_II_
DCI

0.146

0.16

4.644

7.318

1.029

13.29

SSTL18_I

0.147

0.159

0.98

7.318

0.952

9.557

SSTL18_II

0.147

0.159

1.037

7.318

0.954

9.617

Table 6.	Power dissipation by different I/O standards at 3.6
GHz.
Clocks

Signals

IOs

BRAMs

Leakage

Total

SSTL2_I

0.177

0.191

1.045

8.782

1.007

11.203

SSTL2_II

0.177

0.191

1.116

8.782

1.01

11.276

II_DCI

0.176

0.192

4.655

8.782

1.029

14.834

SSTL18_I

0.177

0.191

0.991

8.782

1.005

11.146

0.177

0.191

1.049

8.782

1.007

11.206

SSTL2_

SSTL18_
II
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On 3.6 GHz operating frequency, there is 77.55 percent
reduction in I/O when we use SSTL2_I instead of
SSTL_II_DCI and 78.7 percent reduction in I/O power
when we use SSTL18_I instead of SSTL_II_DCI as
shown in Table 6.
Variation in IO Standard do not play significant
role in change in clock power dissipation, signals
power dissipation, BRAM power dissipation, but there
is 7.48 percent reduction in leakage power dissipation
as shown in Table 6.

3.	CONCLUSION
We observed that when we use SSTL2_I instead
of SSTL_II_DCI there is a significant reduction of
77.73percent in I/O power on an operating frequency
of 3GHz and a small reduction of 7.48percent in
leakage power as well. We also observed that when
we use SSTL_18_I instead of SSTL_II_DCI there is
a reduction of 78.95percent in I/O power. So we
can conclude that SSTL_II_DCI I/O standard is least
efficient and SSTL_18_I I/O standard is most efficient
to design an energy efficient Internet of Things enabled
RAM on FPGA.
4.	FUTURE SCOPE
Like SSTL_2 and SSTL_18 I/O standard we can
use HSTL,GTLP,GTL,PCIX,PCI33,PCI66 and many
more I/O standards for making an energy efficient
RAM. We can use FPGA Vertex 4 ,Vertex 5 instead of
vertex 6 as well. We can test these I/O standards on
different frequencies .So there are many I/O standards
and FPGA’s by which we can design an energy efficient
Internet of Things enabled RAM.

fu"d"kZ
geus ik;k gSa fd tc ge ,l,lVh,y_II_MhlhvkbZ ds
LFkku ij ,l,lVh,y2_I dk mi;ksx djrs gS rks 3 xhxkgtZ
dk ,d dkf;Zr vko`fÙk ij fuos”k&fuxZe ÅtkZ esa 77-73percent
dh ,d egRoiw.kZ deh gksrh gSa vkSj fjlko [kir esa 7-48percent
dh ,d NksVh lh deh gksrh gSaA ge ;g Hkh ikrs gS tc ge
,l,lVh,y_II_MhlhvkbZ ds LFkku ij ,l,lVh,y_18_I dk
mi;ksx djrs gS rks fuos”k&fuxZe esa 78-95 percent dh ÅtkZ
[kir dh deh ikrs gSA bl çdkj ge bl fu’d’kZ ij igq¡prs
gSa ,l,lVh,y_II_MhlhvkbZ fuos”k&fuxZe ekud de dq”ky gSa
vkSj ,l,lVh,y_18_I fuos”k&fuxZe ekud ÅtkZn{k baVjusV
vkQ fFkaxl l{ke jSe fMtkbu esa lcls vf/kd dq”ky gSaA
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lkjka”k
bl dk;Z esa] ge ÅtkZ dq”ky lkeku ds vUrjtky ¼vkbZvksVh½ ;ksX; jSe cuk jgs gSA bls ÅtkZ dq”ky cukus
ds fy,] ge gkbZ LihM VªSUlhoj rdZ ¼,p,lVh,y½ vkbZvks ekud dk mi;ksx dj jgs gSaA ge ,p,lVh,y vkbZvks
ekud oxZ ds 5 fofHkUu lnL;ksa ds ç;ksx dj jgs gSa vkSj mues ls lcls vf/kd ÅtkZ dq”ky dks [kkst jgs gaSA
ge lkeku ds vUrjtky l{ke jSe cukus ds fy, ge 128&fcV vkbZih ,MªSl vUrfuZfn’V dj djs gSaA varr% ge
vius vkbZvksVh vk/kkfjr jSe dks vkbZ3] vkbZ5] vkbZ7] eksVks&bZ vkSj eksVks&,Dl tSlh fofHkUu v‚ijsfVax vko`fÙk;ksa ij
lapkyu dj jgs gaSA geus ;g ik;k fd 1-7 xhxk gVZ~t v‚ijsfVax vko`fÙk ij vkbZ@vks esa 8-38 çfr”kr dh deh
gqbZ tc geus ,p,lVh,y_vkbZ_18 dh ctk, ,p,lVh,y_III dk ç;ksx fd;k vkSj vkbZ@vks esa 7-64 çfr”kr dh
deh gqbZ tc geus ,p,lVh,y_vkbZ_18 dh ctk, ,p,lVh,y_III&18 dk ç;ksx fd;kA bles ÅtkZ fjlko esa
Hkh FkksM+h deh gSA
Abstract
In this work, we are making energy efficient internet of things (IoTs) enable RAM. In order to
make it energy efficient, we are using high speed transciever logic (HSTL) I/O standards. We are using
5 different members of HSTL I/O standards family and searching the most energy efficient among these.
We are inserting 128-bit IP address in RAM to make internet of things enable RAM. Finally, we are
operating our IOTs Enable RAM with different operating frequences of I3, I5, I7, Moto-E and Moto-X. we
find that on 1.7GHz operating frequency, there is 8.38 per cent reduction in I/O when we use HSTL_III
instead of HSTL_I_18 and 7.64 per cent reduction in I/O power when we use HSTL_III_18 instead of
HSTL_I_18.There is a small reduction in leakage power as well.
Keywords: RAM, internet of things, FPGA, HSTL, thermal aware design, energy efficient design

1.

Introduction
High Speed Transceiver Logic (HSTL) standard
defines the input and output specifications and test
conditions for devices that are designed to operate
in the HSTL switching logic range nominally 0V to
1.5V, and signals either single-ended or differential
ended. HSTL I/O stanards are designed for operation
beyond 180 MHz 4. The output specifications of HSTL
are divided into 4 different classes (Class I through
Class IV) depending upon output drive voltage (VCCO)
as shown in Fig.1.
The Internet of Things (IoT) refers to network of
physical objects 1, where, each object has a characteristic
feature of an IP address for internet connectivity. Finally,
communication takes place between these objects and
other Internet-enabled devices. To enable these new

Figure 1. Different HSTL I/O standards.
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forms of communication, we require transceivers and
IPv6 Address. We are using IPv6 in RAM for IoTs
enable design of RAM as shown in Figures 2 and 4.
IPv6 address is 128 bits long. So, we can assign 100
addresses to every atom on the surface of the earth.
Therefore, we have plenty of IPv6 address, which we
can assign for every RAM 2 and make it internet of
things (IoTs)-enable RAM.

to data output port. In case of write operation, the
data received at input port will be stored in RAM at
particular location defined by write address.

Figure 4. IoTs-enable RAM.

Figure 2. Internet of things enable RAM.

We have embedded an IP address (IPV6) in RAM
and test that RAM using I/O standard (HSTL). And,
finally we operate our IoTs-enable design with different
frequencies. We are operating our IoTs-enable RAM with
different operating frequencies of I3, I5, I7, Moto-E
and Moto-X. And, we are analyzing energy efficiency
in respect of different HSTL I/O standard used in
IoTs-enable RAM as shown in Fig.3. Frame Buffer
is a memory that is used to store frame of image for
multimedia specific application. In this work, we are
not designing application specific memory, but we are
going to design general purpose RAM with 128-bit IP
address embedded in it. HSLVDCI is used to design
energy efficient design of frame buffer 5. In this work,
we are extending our work from HSLVDCI to HSTL.

Dabbas, S. 6 HSTL was used to design energy efficient
memory design. We are extending that work of general
memory into IoTs-enable memory. Kumar, T. 7 HSTL
was used to design energy efficient frame buffer.

2.	THERMAL AND POWER ANALYSeS
We design an IOT-enable RAM with an IP version
6 addresses (IPV6). Then we took out power readings
using different processor frequencies namely (I3, I5,
I7, and Motorola), as shown in Table 1.
Table 1. Operating frequency of different processor
Processor

Frequency (GHz)

I3

2.5

I5

3.6

I7

3.0

Moto-E

1.2

Moto-X

1.7

On 1.2GHz operating frequency, there is 8.4 per cent
reduction in I/O when we use HSTL_III instead of
HSTL_I_18 and 7.7 per cent reduction in I/O power
when we use HSTL_III_18 instead of HSTL_I_18, as
shown in Fig. 4 and Table 2.
Variation in I/O Standard do not play significant
role in change in clock power dissipation, signals power
dissipation, BRAM power dissipation, and leakage
power dissipation as shown in Fig. 5 and Table 2.
Table 2. Power dissipation by different I/O standards at
1.2GHz

Figure 3. Components of energy efficient IoTs-enable RAM.

As shown in Fig. 4, RAM has 32-bit data input
along with 16-bit write address and 16-bit read address.
In case of read operation, the data stored in RAM at
particular location defined by read address will go

Clocks

Signals

I/Os

BRAMs

Leakage

Total

HSTL_I

0.058

0.063

0.933

2.927

0.812

4.793

HSTL_III

0.058

0.063

0.854

2.927

0.81

4.712

HSTL_I-18

0.058

0.063

0.933

2.927

0.812

4.793

HSTL_I_12

0.058

0.063

0.895

2.927

0.811

4.753

HSTL_III_18

0.058

0.063

0.861

2.927

0.81

4.719

On 1.7GHz operating frequency, there is 8.38
per cent reduction in I/O when we use HSTL_III
instead of HSTL_I_18 and 7.64 per cent reduction
in I/O power when we use HSTL_III_18, instead of
HSTL_I_18 as shown in Fig. 6 and Table 3.
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Table 4. Power dissipation by different I/O standards at 2.5GHz
Clocks

Signals

Ios

BRAMs

Leakage

Total

HSTL _I

0.123

0.133

0.958

6.098

0.91

8.222

HSTLc_III

0.123

0.133

0.878

6.098

0.908

8.14

HSTL _I-18

0.123

0.133

0.958

6.098

0.91

8.222

HSTL_ I_12

0.123

0.133

0.919

6.098

0.909

8.182

HSTL_III_18

0.123

0.133

0.885

6.098

0.908

8.148

Figure 5. Power dissipation in IoTs-enable RAM on 1.2GHz.
Table 3. Power dissipation by different I/O standards at
1.7GHz.
Clocks

Signals

Ios

BRAMs

Leakage

Total

HSTL_I

0.083

0.087

0.942

4.147

0.848

6.109

HSTL_III

0.083

0.087

0.863

4.147

0.846

6.027

HSTL_I-18

0.083

0.087

0.942

4.147

0.848

6.109

HSTL_I_12

0.083

0.087

0.904

4.147

0.847

6.069

HSTL_III_18

0.083

0.087

0.87

4.147

0.846

6.034

Figure 6. Power dissipation in IoTs-enable RAM on 1.7GHz.

Variation in I/O standard do not play significant
role in change in clock power dissipation, signals
power dissipation, BRAM power dissipation, but there
is 0.23 per cent reduction in leakage power dissipation
as shown in Fig. 5 and Table 3.
On 2.5 GHz operating frequency, there is 8.35per cent
reduction in I/O when we use HSTL_III instead of
HSTL_I_18 and 7.6 per cent reduction in I/O power
when we use HSTL_III_18 instead of HSTL_I_18, as
shown in Fig. 7 and Table 4.
Variation in I/O Standards do not play significant
role in change in clock power dissipation, signals
power dissipation, BRAM power dissipation, but there
is 0.21 per cent reduction in leakage power dissipation
as shown in Fig. 6 and Table 4.
On 3.0 GHz operating frequency, there is 8.16
per cent reduction in I/O when we use HSTL_III instead
of HSTL_I_18 and 7.44 % reduction in I/O power
when we use HSTL_III_18 instead of HSTL_I_18,
as shown in Fig. 8 and Table 5.
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Figure 6. Power dissipation in IoTs-enable RAM on 2.5GHz.

Variation in I/O Standard do not play significant
role in change in clock power dissipation, signals
power dissipation, BRAM power dissipation, but there
is 0.31 per cent reduction in leakage power dissipation
as shown in Fig.7 and Table 5.
On 3.6 GHz operating frequency, there is 8.07
per cent reduction in I/O when we use HSTL_III
instead of HSTL_I_18 and 7.36 per cent reduction
in I/O power when we use HSTL_III_18 instead of
HSTL_I_18 as shown in Fig. 9 and Table 6.
Variation in I/O Standard do not play significant
role in change in clock power dissipation, signals
power dissipation, BRAM power dissipation, but
there is 0.199 per cent reduction in leakage power
dissipation as shown in Fig. 8 and Table 6.
Table 5. Power dissipation by different I/O standards at 3GHz
Clocks

Signals

Ios

BRAMs

Leakage

Total

HSTL_I

0.147

0.159

0.967

7.318

0.951

9.544

HSTL_III

0.147

0.159

0.888

7.318

0.949

9.462

HSTL_I-18

0.147

0.159

0.967

7.318

0.952

9.544

HSTL_I_12

0.147

0.159

0.929

7.318

0.95

9.504

HSTL_III_18

0.147

0.159

0.895

7.318

0.949

9.469

Figure 8. Power dissipation in IoTs-enable RAM on 3 GHz.
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Table 6. Power dissipation by different I/O standards at 3.6
GHz
Clocks

Signals

Ios

BRAMs

Leakage

Total

HSTL_I

0.177

0.191

0.978

8.782

1.004

11.133

HSTL_III

0.177

0.191

0.899

8.782

1.001

11.051

HSTL_I-18

0.177

0.191

0.978

8.782

1.004

11.133

HSTL_I_12

0.177

0.191

0.94

8.782

1.002

11.093

HSTL_III_18

0.177

0.191

0.906

8.782

1.002

11.058

Figure 9. Power dissipation in IoTs-enable RAM on 3.6 GHz.

3.	CONCLUSION
We observed that when we use HSTL_III instead
of HSTL_I_18, there is a significant reduction of 8.07
per cent in I/O power on an operating frequency of
3.6 GHz and a very small reduction of 0.199 per cent
in leakage power as well. We also observed that when
we use HSTL_III_I8 instead of HSTL_I_18, there is
a reduction of 7.36 per cent in I/O power. So we
can conclude that HSTL_I_18, I/O standard is least
efficient and HSTL_III I/O standard is most efficient
to design an energy efficient Internet of Things enabled
RAM on FPGA.

fu"d"kZ
geus ;g ns[kk fd tc ge ,p,lVh,y_I_18 dh ctk,
,p,lVh,y_III dk mi;ksx djrs gS rc 3-6 xhxk gVZ~t
v‚ijsfVax vko`fÙk ij vkbZ@vks esa 8-07 çfr”kr dh deh gqbZ
vkSj ÅtkZ fjlko esa 0-199 çfr”kr Hkh FkksM+h deh gqbZA geus ;g
Hkh ns[kk fd tc ge ,p,lVh,y_I_18 dh ctk, ,p,lVh,y_
III_I18 dk mi;ksx djrs gS rc vkbZ/vks esa 7-36 çfr”kr dh
deh gqbZA blfy, ge fu’d’kZ fudky ldrs gSa fd ,Qihth,
ij ÅtkZ dq”ky lkeku ds vUrjtky l{ke jSe fMtkbu ds fy,
,p,lVh,y_I_18 vkbZ/vks ekud de d”ky vkSj ,p,lVh,y_
III vkbZ/vks ekud vf/kd dq”ky gSA

4.

FUTURE SCOPE
Like HSTL I/O standard we can use SSTL, GTLP,
GTL, PCIX, PCI33, PCI66 and many more I/O standards
for making an energy efficient RAM. We can also use
FPGA Virtex-4, Virtex-5, Virtex-7 and Ultrascale Virtex
instead of Virtex-6 as well. We can test these I/O
standards on different frequencies. So there are many
I/O standards and FPGA’s by which we can design
energy efficient Internet of Things enabled RAM.
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28 ,u,e ,Qihth, ij ladyuk O;okdyukHk;ke }kjk :V~l dks [kkstus ds fy,
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lkjka”k
bl ys[k esa] geus oSfnd xf.kr ds lw= tks ladyuk O;okdyukHk;ke esa gS] dk mi;ksx dj :V~l dks [kkstus
ds fy, ,d ÅtkZ l{ke fMtkbu rS;kj fd;kA ladyuk O;okdyukHk;ke ,d laL—r “kCn gS ftldk vFkZ ÞtksM+
ds }kjk vkSj O;odyu ds }kjkß gSA ;g oSfnd lw= ledkfyd lehdj.k dks gy djus ds fy, ç;ksx fd;k tkrk
gS tgk¡ pj X vkSj Y nksuksa ds xq.kkadksa nksuksa lehdj.kksa esa fofue; djus ;ksX; ik, tkrs gSaA bl vkys[k ls gekjk
eq[; mís”; ,d ÅtkZ l{ke de “kfä dh fMtkbu dk fuekZ.k djuk gS blds fy, geus fofHkUu vko`fÙk;ksa dks
fy;k gS vkSj “kfä dh x.kuk dhA geus “kfä dk fo”ys’k.k fLFkj rkieku ij fd;k tks fd 25 fMxzh lsfYl;l gS
vkSj gok ds çokg dks Hkh fLFkj j[kkA geus fofHkUu ,yohlh,evks,l vkbZvks ekudksa ds fy, vko`fÙk dks cnyk
vkSj “kfä dh x.kuk dhA gekjk fMtkbu 28,u,e ,Qihth, ij vk/kkfjr gS vkSj dksM fdaVsDl&7 ij ijh{k.k
fd;k x;k gS vkSj ç;qä midj.k ,Dllh 7ds160 Vh] ç;qä iSdst ,Qchth 676 gS vkSj ;g &3 xfr xzsM ij
dke dj jgk gSA var esa geus ;g fu’d’kZ fudkyk fd ,yohlh,evks,l33 dh rqyuk esa tc 1400 esxk gVtZ~ ij
,yohlh,evks,l15 dk mi;ksx djrs gS rks ogk¡ dqy “kfä viO;; dk 6-08 çfr”kr cprk gS] 1-2 xhxk gVtZ~ ij
,yohlh,evks,l15 dk mi;ksx djrs gS rks ogk¡ dqy “kfä viO;; dk 4-08 çfr”kr cprk gS] 2100 esxk gVtZ~
ij ,yohlh,evks,l15 dk mi;ksx djrs gS rks ogk¡ dqy “kfä viO;; dk 8-44 çfr”kr cprk gS] 1700 esxk gVtZ~
ij ,yohlh,evks,l15 dk mi;ksx djrs gS rks ogk¡ dqy “kfä viO;; dk 6-87 çfr”kr cprk gS] 1800 esxk gVtZ~
ij ,yohlh,evks,l15 dk mi;ksx djrs gS rks ogk¡ dqy “kfä viO;; dk 7-29 çfr”kr cprk gS] 2-2 xhxk gVtZ~
ij ,yohlh,evks,l15 dk mi;ksx djrs gS rks ogk¡ dqy “kfä viO;; dk 8-75 çfr”kr cprk gSA
Abstract
In this paper we have designed an energy efficient design for finding roots using Vedic mathematics,
the sutra involved in Sankalana Vyavakalanabhyam. Sankalana Vyavakalanabhyam is a Sanskrit word
meaning ‘by addition and by subtraction’. This Vedic sutra is used to solve simultaneous equations where
the coefficients of both the variables x and y are found interchangeable in both the equations. Aim of
this paper is to build an energy-efficient, low-power design for this we have taken different frequencies
and calculated their power. We have done power analysis on a constant temperature, that is 25 degree
Celsius and also kept air flow constant. We have varied frequency and calculated power for different
LVCMOS Io Standards. Our design is based on 28nm FPGA and the code has been tested on Kintex-7
and the device used is XC7K160T, package used is FBG676 and it is working on -3 speed grade. At the
end we have concluded that there is 6.08 % saving in total power dissipation when using LVCMOS15
at 1400MHz, 4.80 % saving in total power dissipation when using LVCMOS15 at 1.2GHz, 8.44 %
saving in total power dissipation when using LVCMOS15 at 2100 MHz, 6.87 % saving in total power
dissipation when using LVCMOS15 at 1700 MHz, 7.29% saving in total power dissipation when using
LVCMOS15 at 1800MHz, 8.75 % saving in total power dissipation when using LVCMOS15 at 2.2GHz
when compared with LVCMOS33..
Keywords: Sankalana vyavakalanabhyam, vedic mathematics, FPGA, energy efficient, root finder

1.

Introduction
Vedic mathematics is a name given to ancient
mathematics from ancient Indian sculptures in early
20 th century 1. Vedic mathematics is part of four Vedas

(books of wisdom)2. Vedic mathematics deals with various
Vedic mathematical formulae and their applications to
carry out tedious and cumbersome arithmetic operations3.
Vedic mathematics formulae or algorithms were designed
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in order to minimize the complexity of any question
or any trigonometric problem, calculus (integral and
differential) and this ancient mathematics is very
helpful in various fields like DSP (Digital Signal
Processing), Chip Designing, Discrete Fourier Transform
(DFT), High Speed Low Power VLSI Arithmetic and
Algorithms. Nowadays, research work is being carried
out on Vedic mathematics as it takes lesser time and
steps to perform a specified task. For low power
and high speed application, a multiplier and square
architecture has been proposed based on algorithm
of ancient Indian Vedic Mathematics 1 . Itawadiya 4 ,
et al. explained DSP operations based on ancient
Vedic mathematics using Vedic Urdhava-Triyagbhayam
multiplication sutra. A design of 8-bits fixed-point,
asynchronous Vedic DSP processor core has also
been studied 5. Implementation of 4x4 multiplier using
Urdhva-Tiryakbhyam in 45nm technology 6, another
division architecture using a different Vedic technique
known as `Dhwajam’ 7. In our paper, we have used
Sankalana Vyavakalanabhyam Vedic sutra to find the
roots. Sankalana Vyavakalanabhyam is a Sanskrit word
which means ‘by addition and by subtraction’. This
Vedic sutra is used to solve simultaneous equations
where the coefficients of both the variables x and
y are found interchangeable in both the equations.
For example: The coefficients of the variables in 1 st
equation are the same as the coefficients of opposite
variable for the 2 nd equation as shown below:
45x – 23y = 113
(1)
23x – 45y = 9
(2)
This equation can be solved used Vedic mathematics
sutra Sankalana Vyavakalanabhyam. This technique
involves addition and subtraction as shown below:
Step1: Addition of 2 equations:
(45x – 23y) + (23x – 45y) = 113 + 91
68x – 68y = 204
x – y = 3 				
(3)
Step 2: Subtraction of 2 equations:
(45x – 23y) – (23x – 45y) = 113 – 91
22x + 22y = 22
x + y = 1					
(4)
Step 3: After solving (3) and (4):
We get x = 2 and y = - 1
These three steps are converted in a Xilinx code
and a symbol can be generated from this code using
Xilinx ISE Design Suite 14.2 and results are tested
on 28nm FPGA platform that is Kintex-7.
Figure 1 shows the symbol of Sankalana
Vyavakalanabhyam. From this figure we can observe
that there are 7 inputs and 2 outputs. Out of the seven
inputs C1, C2, C3, C4, R1, R2 are 4-bit inputs and
clock is an input pulse to trigger the device or circuit.
C1, C3 are the coefficients of variable x and C2, C4

are the coefficients of variable y. R1 and R2 are the
constants in the equation. From equations (1) and (2),
we can design Table 1. Fig. 2 shows the schematic of
the root finder using Sankalana Vyavakalanabhyam.
Table1. Values of coefficients from (1) and (2)a.
C1

C2

C3

C4

R1

R2

45

23

23

45

113

91

Aim of this paper is to build an energy-efficient
low power design. For this we have taken different
frequencies and calculated their power. Set of frequencies
are mentioned in Table 3. In this research work, we
have done power analysis on a constant temperature,
that is 25 degree Celsius. We have varied frequency
and calculated power for different LVCMOS IO
STANDARDs. We have considered LVCMOS18,
LVCMOS33, LVCMOS25, and LVCMOS15 in our
research work and worked upon it.

Table 1. Operating Frequency of Different Processor

Figure 2. Schematic of Sankalana Vyavakalanabhyam.

The design is based on 28nm FPGA and the code
has been tested on Kintex-7 and the device used is
XC7K160T, package used is FBG676 and it is working
on -3 speed grade. Table 2 shows different parameters
in kintex-7 FPGA.
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Table 2. Different parameters in kintex-7 FPGA
IO pins

676

LUT Elements

101400

Flip Flop

202800

DSPS

600

Available IOBS

400

Gb transceiver

8

Block RAM

325

GTXE2 Transceiver

8

PCI Buses

1.1

MMCMS

8

Min operating temperature

0 degree Celsius

Reference operating temperature

85 degree Celsius

Maximum operating Temperature

85 degree Celsius

Minimum operating voltage

0.97V

Reference operating Voltage

0.97V

Maximum operating Voltage

1.03V

Temperature Grade Letter

C

Table 3. Set of frequencies considered

2.	POWER ANAYSIS
2.1	Power Analysis for LVCMOS18 Io
Standard
There is 31.97 % saving in total power dissipation
with 2.2 GHz when compared with 1.2GHz, as shown
in Fig. 3 and Table 4.
2.2	Power Analysis for LVCMOS33 Io
Standard
There is 35 % saving in total power dissipation
with 2.2 GHz when compared with 1.2GHz, as shown
in Fig. 4 and Table 5.
2.3	Power Analysis for LVCMOS25 Io Standard
There is 32.89 % saving in total power dissipation
with 2.2 GHz when compared with 1.2GHz, as shown
in Fig. 5 and Table 6.

Table 5. Power analysis for LVCMOS33 Io standard

Frequency

Mobile set

Frequency

Power

1400MHz

Nokia Lumia 710

1400MHz

0.115

1.2GHz

Samsung Galaxy Core

1.2GHz

0.104

2100MHz

I phone6

2100MHz

0.154

1700MHz

HTC/T

1700MHz

0.131

1800MHz

Micromax X091

1800MHz

0.137

2.2GHz

Sony Xperia Z1

2.2GHz

0.160

Table 4. Power analysis for LVCMOS18 Io standard
Frequency

Power

1400MHz

0.109

1.2GHz

0.100

2100MHz

0.142

1700MHz

0.123

1800MHz

0.128

2.2GHz

0.147

Figure 4. Power analysis for LVCMOS25 Io standard.
Table 6. Power analysis for LVCMOS25 Io standard

Figure 3. Power analysis for LVCMOS18 Io standard.
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Frequency

Power

1400MHz

0.111

1.2GHz

0.102

2100MHz

0.147

1700MHz

0.126

1800MHz

0.132

2.2GHz

0.152
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Table 7. Power analysis for LVCMOS15 Io standard
Frequency

Power

1400MHz

0.108

1.2GHz

0.099

2100MHz

0.141

1700MHz

0.122

1800MHz

0.127

2.2GHz

0.146

Figure 6. Power analysis for LVCMOS15 Io standard.

2.4	Power Analysis for LVCMOS15 Io Standard
There is 31.19 % saving in total power dissipation with
2.2 GHz, when compared with 1.2GHz as shown in figure 6
and table 7.
2.5	Power Analysis for different Io Standard
with Different Frequencies

Figure 7. Power Analysis for LVCMOS family at different
frequencies.

3.	CONCLUSIONs
The design is low power energy-efficient and
the code has been implemented in Xilinx ISE Design
Suite 14.2 and results were tested on 28nm FPGA
platform using Kintex-7 FPGA family. The device is
designed to find the roots of an equation using the
Vedic technique called Sankalana Vyavakalanabhyam.
This Vedic root finder consists of 7 inputs and 2
outputs. 1 input is the clock pulse (clock) and other
4 inputs are the coefficients of the variables (C1, C2,
C3, C4) and remaining two are the constants (R1,
R2) of an equation. Outputs (x, y) are the values
of variables present in the equations. The inputs
and the outputs all are 4-bit numbers. The design is
tested by varying frequency at constant temperature
that is 25 degree Celsius and also keeping air flow
constant. We can conclude that there is 6.08 % saving
in total power dissipation when using LVCMOS15 at
1400MHz, 4.80 % saving in total power dissipation
when using LVCMOS15 at 1.2GHz, 8.44 % saving
in total power dissipation when using LVCMOS15 at
2100 MHz, 6.87 % saving in total power dissipation
when using LVCMOS15 at 1700 MHz, 7.29 % saving
in total power dissipation when using LVCMOS15 at
1800MHz, 8.75 % saving in total power dissipation
when using LVCMOS15 at 2.2GHz when compared
with LVCMOS33.

fu"d"kZ
fMtkbu de ‘kfä ÅtkZ l{ke gS vkSj dksM ftÇyDl
vkbZ,lbZ fMtkbu lqbV 14-2 esa ykxw fd;k x;k gS vkSj
ifj.kke ÇdVsDl-7 ,Qihth, oxZ dk mi;ksx dj 28,u,e
,Qihth, ds eap ij ijh{k.k fd;k x;kA ;g midj.k ladyuk
O;okdyukHk;ke oSfnd rduhd dk mi;ksx dj lehdj.k ds
:V~l dks [kkstus ds fy, cuk;k x;k gSA bl oSfnd :V
[kkstd esa 7 buiqV vkSj nks vkmViqV gksrs gSaA ,d buiqV
DykWd iYl ¼DykWd½ vkSj vU; pkj buiqV pj ds xq.kkad ¼lh1,
lh2, lh3, lh4½ vkSj nks ‘ks”k lehdj.k ds vpj ¼vkj1,
vkj 2½ gSA vkmViqV (X, Y½ lehdj.kksa esa ekStwn pj dk eku
gSaA buiqV vkSj vkmViqV lHkh 4 fcV la[;k gSaA fMt+kbu dk
ijh{k.k fofHkUUk vko`fŸk;ksa }kjk fLFkj rkieku ij fd;k tks
fd 25 fMxzh lsfYl;l gS vkSj gok ds izokg dks Hkh fLFkj j[kk

Table 8. Power analysis for LVCMOS family at different frequencies
1400MHz

1.2GHz

2100MHz

1700MHz

1800MHz

2.2GHz

LVCMOS18

0.109

0.100

0.142

0.123

0.128

0.147

LVCMOS33

0.115

0.104

0.154

0.131

0.137

0.160

LVCMOS25

0.111

0.102

0.147

0.126

0.132

0.152

LVCMOS15

0.108

0.099

0.141

0.122

0.127

0.146
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x;kA geus ;g fu”d”kZ fudkyk fd ,yohlh,evks,l33 dh
rqyuk esa tc 1400 esxk gV~t+Z ij ,yohlh,evks,l15 dk
mi;ksx djrs gS rks ogk¡ dqy ‘kfä viO;; dk 6-08 izfr’kr
cprk gS, 1-2 xhxk gV~t+Z ij ,yohlh,evks,l15 dk mi;ksx
djrs gS rks ogk¡ dqy ‘kfä viO;; dk 4-08 izfr’kr cprk gS,
2100 esxk gV~t+Z ij ,yohlh,evks,l15 dk mi;ksx djrs gS
rks ogk¡ dqy ‘kfä viO;; dk 8-44 izfr’kr cprk gS, 1700
esxk gV~t+Z ij ,yohlh,evks,l15 dk mi;ksx djrs gS rks
ogk¡ dqy ‘kfä viO;; dk 6-87 izfr’kr cprk gS, 1800 esxk
gV~t+Z ij ,yohlh,evks,l15 dk mi;ksx djrs gS rks ogk¡ dqy
‘kfä viO;; dk 7-29 izfr’kr cprk gS, 2-2 xhxk gV~t+Z ij
,yohlh,evks,l15 dk mi;ksx djrs gS rks ogk¡ dqy ‘kfä
viO;; dk 8-75 izfr’kr cprk gSAA
FUTURE SCOPE
The future scope of “LVCMOS Based Energyefficient Design for Finding Roots Using Sankalana
Vyavakalanabhyam on 28nm FPGA” is that we can also
implement this design on 22nm or 18 nm FPGA. We
can also use different FPGA families like automotive
Artix7, automotive Coolrunner2, automotive Spartan,
automotive Spartan-3A DSP, automotive Spartan 3A,
automotive Spartan 3E, automotive Spartan6, Spartan3,
Spartan3E. Here, we are using frequency scaling in
which we are changing the operating frequency of a
device and analyzing its power. We can redesign this
Vedic root finder with other energy-efficient technique
like capacitance scaling, thermal scaling, clock gating,
various design goals, impedance matching with different
logic family, and mapping. Analysis has been done
with different frequencies like 1400 MHz, 1.2 GHz,
2100 MHz, 1700MHz, 1800MHz, 2.2GHz. We can use
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any other frequency range and test our design on that
also. The temperature has been kept constant that is
25 degree Celsius so if needed it can also be varied.
Air flow can also be varied when required.
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90 ,u,e ,Qihth, ij vkbZvks LVSUMMZ csLM yks ikoj FkeZy vos;j ,Mj fMtkbu
Low Power Thermal Aware Adder Design on 90 nm FPGA
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lkjka”k
gekjk eq[; fo"k; ,d ÅtkZ n{k fMft+Vy lfdZV fMtkbu djuk gSA bl dk;Z esa] ge 90 ,u,e ,Qihth, ij
yks ikoj FkeZy vos;j ,Mj fMtkbu ds fy, ihlhvkbZ ¼isfjQsjy dEiksusUV baVjdusDV½] ,l,lVh,y ¼LVc lhfjt
VfeZusVsM y‚ftd½% ,l,lVh,y 18&vkbZ] ,l,lVh,y2&vkbZ vkSj ,yohVhVh,y ¼yks oksYVst VªkaftLVj&VªkaftLVj y‚ftd½
ds e/; lokZf/kd m"ek vkSj ÅtkZ n{k vkbZvks LVSUMMZ [kkstus tk jgs gSaA ;g ik;k x;k gS fd ifjos'k rkieku
343-15 ds vkSj 283-15 ds gsrq ihlhvkbZ dh rqyuk esa vkbZvks LVSUMMZ ,l,lVh,y2& vkbZ ds fy, vkbZvks fo|qr
{k; esa deh 15-18% vkSj 26-66% gS] ifjos'k rkieku 343-15 ds vkSj 283-15 ds gsrq vkbZvks LVSUMMZ ihlhvkbZ vkSj
,l,lVh,y2& vkbZ ds fy, vf/kdre ifjos'k rkieku esa deh 0-59% vkSj 0-60% gS vkSj ifjos'k rkieku 343-15
ds vkSj 283-15 ds gsrq vkbZvks LVSUMMZ ihlhvkbZ] ,l,lVh,y2_ vkbZ ds fy, taD'ku rkieku esa deh 82-65%]
84-26% gSA bl fMtkbu dks fHkUu ifjos'k rkiekuksa ij vU; vkbZvks LVSUMMZ ij Hkh tkapk x;k gSA
Abstract
Our aim is to design a power efficient digital circuit. In this work, we are going to search the
most thermal and energy efficient IO standard among peripheral component interconnect (PCI), stubs
series terminated logic (SSTL):SSTL18_I, SSTL2_I and low voltage transistor-transistor logic (LVTTL)
for low power thermal aware adder design on 90nm FPGA. It is observed that there is 15.18 % and
26.66% reduction in IO power dissipation for IO standard SSTL2_I in comparison with PCI for ambient
temperature 343.15 K and 283.15 K, 0.59 %, 0.60 % reduction in maximum ambient temperature for IO
standard PCI and SSTL2_I for ambient temperature 343.15 K and 283.15 K and there is 82.65 %, 84.26%
reduction in Junction Temperature for IO standard PCI, SSTL2_I for ambient temperature 343.15 K and
283.15 K.The design is also tested on other IO standards and at different ambient temperatures.
Keywords: IO standard, low power VLSI design, thermal aware, FPGA, tmbient temperature

1.

Introduction
The Spartan-3E FPGA family provides many dais
features and because of its exceptionally low cost, makes
it ideal for logically programmable designs and to a
broad range of electronics applications. Sparatan-3E
is the third family of the Xilinx contrived with very
much developed 90 nm process technology and the
seventh family in the spearheading low-cost Spartan
Series. Spartan-3E FPGAs provide almost 1.6 million
system gates, I/Os 1, and a pliable platform FPGA
architecture with the lowest cost per-logic in the
manufacturing. This combination of high-tech lowcost built-up and cost-efficient architecture provides
unparalleled price points and significance. The Spartan3E family's capabilities and features are optimized for
high-number and economical applications.

In this paper we are going to study the effect of
different IO standard in 90 nm Spartan 3E family of
FPGA. In this work, we implemented our design using
peripheral component interconnect (PCI), SSTL2_I and

Figure 1. Different IO standards family of Spartan 3E.
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SSTL18_I stub series terminated logic (SSTL), lowvoltage transistor-transistor logic (LVTTL) family of
IO standard. We are comparing different IO standard
to design a power-efficient digital circuit. Our main
objective is to develop an energy-optimised design to
save the power and make it more eco-friendly. Full
Adder plays a significant role in digital signal processors
(DSPs), application-specific ICs (ASICs), Digital
processors. Increasing the performance of full adder
shows a great impact on increasing the performance
of the whole system 2. Therefore, improvement in its
performance is acute for enhancing the overall module
efficiency.
S=A ⊕ B ⊕ C in

C out = (A.B)+(C in.(A ⊕ B)

Figure 3. Different ambient temperatures selected for the
analysis.

For our analysis, we have chosen four different
ambient temperatures 83.15 K, 298.15 K, 313.15 K,
328.15 K, 343.15 K, as shown in Fig. 3. Amount of
energy consumed per unit time or equivalently rate of
doing work is known as power and power dissipation
is loss in rate of energy from the system(here electrical
system). Here, power dissipation is in the form of
leakage power.

2.
Figure 2.	Relation between ambient temperature and junction
temperature4.

The 1-bit full adder has three 1-bit inputs i.e.
A, B and C in here A and B are the two operands
and C in is the carried in bit from the previous less
significant level and two 1-bit outputs, i.e., sum and
C out. The relation between the inputs and the outputs
is expressed above 3.
Junction temperature is defined in terms of ambient
temperature, thermal power and TJA (TJA is Theta
Junction to ambient (°C/W) ) and thermal power is
the total power dissipation of design. TJA is measured
in terms of TJC (Theta Junction to Case thermal
resistance), TCS (Theta Case to hit Sink thermal
resistance) and TSA (Theta Sink to ambient thermal
resistance) 4. Junction of working FPGA act sas source
and environment act as sink. MAT is an acronym for
maximum ambient temperature. The temperature of
the atmosphere (Earth's atmosphere) or temperature
of the air surrounding a cooler medium or a power
supply is called an ambient temperature. During study
of existing thermal aware design methodology, we have
gone through thermal aware FIR filter design 5, thermal
modelling for temperature aware design 6, thermal ware
ALU 7, thermal-balanced design in NoC 8, thermal aware
Unicode reader 9, thermal-aware 3D microprocessor 10,
frame buffer 11 and thermal-aware floor planning at
the micro-architectural level 12.
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Analysis of MAT, Junction
temperature and Leakage power
for various IO standards
There is 0.60 % reduction in MAT, 82.6 % reduction
in junction temperature, 15.18 % reduction in leakage
power when we scale down ambient temperature from
343.15 K to 283.15 K, as shown in Table 1.
There is 0.60 % reduction in MAT, 82.87 % reduction
in junction temperature, 16.2 % reduction in leakage
power when we scale down ambient temperature from
343.15 K to 283.15 K, as shown in Table 2.
Table 1.	MAT, junction temperature and leakage power for
SSTL2_I
Mat reduction

Junction temp

Leakage power

283.15K

82.3

12.7

0.067

298.15K

82.2

27.8

0.069

313.15K

82.1

42.9

0.071

328.15K

82.0

58.0

0.075

343.15K

81.8

73.2

0.079

Table 2.	MAT, junction temperature and leakage power for
SSTL18_I
Mat reduction Junction temp

Leakage power

283.15K

82.5

12.5

0.062

298.15K

82.4

27.6

0.064

313.15K

82.3

42.7

0.066

328.15K

82.2

57.8

0.070

343.15K

82.0

73.0

0.074
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There is 0.59 % reduction in MAT, 84.26 % reduction
in junction temperature, 26.66 % reduction in leakage
power when we scale down ambient temperature from
343.15 K to 283.15 K, as shown in Table 3.
There is 0.59 % reduction in MAT, 84.26 % reduction
in junction temperature, 26.66 % reduction in leakage
power when we scale down ambient temperature from
343.15 K to 283.15 K as shown in Table 4.
Table 3.	MAT, junction temperature and leakage power for
PCI
Mat

Junction temp

Leakage power

283.15K

83.7

11.3

0.033

298.15K

83.6

26.4

0.035

313.15K

83.5

41.5

0.037

328.15K

83.4

56.6

0.041

343.15K

83.2

71.8

0.045

Table 4.	MAT, junction temperature and leakage power for
LVTTL
Ambient temp

Junction temp

Leakage power

283.15K

83.7

11.3

0.033

298.15K

83.6

26.4

0.035

313.15K

83.5

41.5

0.037

328.15K

83.4

56.6

0.041

343.15K

83.2

71.8

0.045

3.	RESULTS
3.1	Power Analysis
There is 26.66%, 16.21%, 15.18%, 26.66%
reduction in leakage power when we scale down
ambient temperature from 343.15K to 283.15K for
IO standard PCI, SSTL18_I, SSTL2_I, LVTTL, as
shown in Table 5.
There is 50.74%, 49.27%, 47.88%, 45.33%, 43.03%
reduction in leakage power for ambient temperature
283.15 K, 298.15 K, 313.15 K, 328.15 K, 343.15 K for
IO standard SSTL2_I and PCI as shown in Fig. 4.
3.2	Thermal Analysis
There is 0.59%, 0.60%, 0.60%, 0.59% reduction
in maximum ambient temperature when we scale down
ambient temperature from 343.15 K to 283.15 K for
IO standard PCI, SSTL18_I, SSTL2_I, LVTTL, as
shown in Table 6.
There is 1.67 %, 1.67%, 1.67%, 1.67%, 1.68%
reduction in maximum ambient temperature for
ambient temperature 283.15K, 298.15K, 313.15K,
328.15 K, 343.15 K for IO standard SSTL2_I and
PCI, as shown in Fig. 5.
Table 6. MAT for PCI, SSTL18_I, SSTL2_I, LVTTL

Table 5. Leakage power for PCI, SSTL18_I, SSTL2_I, LVTTL
PCI

SSTL18_I

SSTL2_I

LVTTL

283.15 K

0.033

0.062

0.067

0.033

298.15 K

0.035

0.064

0.069

0.035

313.15 K

0.037

0.066

0.071

0.037

328.15 K

0.041

0.070

0.075

0.041

343.15 K

0.045

0.074

0.079

0.045

PCI

SSTL18_I

SSTL2_I

LVTTL

283.15 K

83.7

82.5

82.3

83.7

298.15 K

83.6

82.4

82.2

83.6

313.15 K

83.5

82.3

82.1

83.5

328.15 K

83.4

82.2

82.07

83.4

343.15 K

83.2

82.08

81.8

83.2

Figure 5. MAT for IO standard PCI, SSTL18_I, SSTL2_I,
LVTTL.
Table 7.

Figure 4. Power dissipation for IO standard PCI, SSTL18_I,
SSTL2_I, LVTTL.

Junction temperature for PCI, SSTL18_I, SSTL2_I,
LVTTL
PCI

SSTL18_I

SSTL2_I

LVTTL

283.15 K

11.3

12.5

12.7

11.3

298.15 K

26.4

27.6

27.8

26.4

313.15 K

41.5

42.7

42.9

41.5

328.15 K

56.6

57.8

58.0

56.6

343.15 K

71.8

73.0

73.2

71.8
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vkSj ,yohVhVh,y ds fy, U;wure vkSj ,l,lVh,y2&vkbZ ds
fy, vf/kdre gSA

Figure 6. Junction temperature for PCI, SSTL18_I, SSTL2_I,
LVTTL.

There is 84.26%, 82.87%, 82.65%, 84.26%
reduction in junction temperature when we scale
down ambient temperature from 343.15K to 283.15K
for IO standard PCI, SSTL18_I, SSTL2_I, LVTTL, as
shown in Table 7.
There is 11.02%, 5.03%, 3.26%, 2.41%, 1.91%
reduction in junction temperature for ambient temperature
283.15K, 298.15K, 313.15K, 328.15K, 343.15K, for
IO standard SSTL2_I and PCI, as shown in Fig. 6.

4. 	CONCLUSION
Among 5 different IO standards used, leakage
power is minimum for PCI and LVTTL and maximum
for SSTL2_I. Similarly, as per observation of our
thermal analyses maximum ambient temperature is
minimum for SSTL2_I and maximum for PCI AND
LVTTL. And junction temperature is minimum for
PCI and LVTTL and maximum for SSTL2_I.
5.	FUTURE SCOPE
As future scope of the work, power of the circuit
can be further reduced like if we optimise the leakage
power, and also, short circuit power dissipation in the
circuit can be reduce which can be the future work
of this paper. As the proposed design have proven
to work efficiently in terms of various performance
parameters thus the more effective results are expected
to be obtained while incorporating these circuits to
implement other complex systems in the field of low
power VLSI design. To make a more energy and
thermal efficient Adder, there is a wide scope to use
LVCMOS, HSTL etc.

fu’d’kZ
ç;ksx fd, x, 5 fHkUu&fHkUu vkbZvks LVSUMMZ ds e/;
ihlhvkbZ vkSj ,yohVhVh,y ds fy, fo|qr fjlko U;wure
gS vkSj ,l,lVh,y2&vkbZ ds fy, vf/kdre gSA blh çdkj]
gekjs m"ek fo'ys"k.k ls irk pyk gS fd ,l,lVh,y2&vkbZ ds
fy, vf/kdre ifjos'k rkieku U;wure gS vkSj ihlhvkbZ vkSj
,yohVhVh,y ds fy, vf/kdre gSA vkSj taD'ku rkieku ihlhvkbZ
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de 'kfä vkSj 28 ,u,e ,Qihth, ij FkeZy dq'ky fp= ¼best½ ,,y;w dk;kZUo;u ds vk/kkj
ij /kkfjrk vkSj vko`fÙk vuqekiu
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Implementation on 28 nm FPGA
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lkjka”k
28,u,e dkbusfVDl &7 ,Qihth, esa FkeZy dq'ky fp= ,,y;w cukus ds Øe esa /kkfjrk ekiu vkSj vko`fÙk
ekiu fd;k x;k gSA fp= ,,y;w dks tkbfyaDl vkbZ,lbZ 14-6 esa cuk;k x;k gSA vkbZvks 'kfä] fjlko 'kfä vkSj
fp= ,,y;w ds taD'ku rkieku esa fofHkUurk vko`fÙk ekiu dk ifj.kke gSA /kkfjrk ekiu Dy‚d i‚oj] rdZ 'kfä]
flXuy 'kfä vkSj Mh,lih 'kfä;ksa esa dksbZ Hkh cnyko ugha n'kkZrk gSA ysfdu ;g vkbZvks 'kfä] fjlko 'kfä
vkSj fp= ,,y;w ds taD'ku rkieku esa cnyko dk ifj.kke mRiUu djrk gSA 5 ih,Q /kkfjrk ds lkFk] vkbZvks,l
'kfä esa 97-23% ifjorZu] fjlko 'kfä esa 75-52% ifjorZu] dqy 'kfä esa 96-79% ifjorZu vkSj 1 xhxkgVZ~t ls
25 xhxkgVZ~t ds vko`fÙk ifjorZu ls taD'ku rkieku esa 63-36% dk ifjorZu ik;k x;k gSA 5 xhxkgVZ~t /kkfjrk
ds lkFk] vkbZvks,l 'kfä esa 80% ifjorZu] fjlko 'kfä esa 69-35% ifjorZu] dqy 'kfä esa 79-09% ifjorZu vkSj
/kkfjrk ds 5 ih,Q ls 75 ih,Q esa ifjorZu gksus ls taD'ku rkieku esa 51-79% dk cnyko ik;k x;k gSA
Abstract
Capacitance scaling and frequency scaling is done to make thermal-efficient Image ALU in 28nm
Kintex-7 FPGA. Image ALU is designed in Xilinx ISE 14.6. Frequency scaling results in variation in
IO power, leakage power, and Junction temperature of Image ALU. Capacitance scaling does not show
any variation for clock power, logic power, signal power and DSPs powers for a constant frequency.
But it results in variation in IO power, leakage power and Junction temperature of Image ALU. Along
with 5pF capacitance, it has been found that there is 97.23 per cent change in IOs power, 75.52 per cent
change in Leakage power, 96.79 per cent change in total power, and 63.36 per cent change in junction
temperature as frequency change from 1GHz to 25 GHz. Along with 5 GHz capacitance, it has been
found that there is 80 per cent change in IOs power, 69.35 per cent change in leakage power, 79.09 per
cent change in total power, and 51.79 per cent change in junction temperature as capacitance change
from 5 pF to 75 pF.
Keywords: Capacitance scaling, frequency scaling, image alu, thermal-efficient design, i/os power,
leakage power, fpga.

1.

Introduction
Image arithmetical logical unit (ALU), also called the
math co-processor in broader context, used to perform
arithmetic and logical functions on different images.
Many different types of operations is performed by
ALU, i.e., arithmetic operation and logic operations.
arithmetic operations includes operations like addition,
subtraction, multiplication, division, while logic operations
includes operations like OR, AND, NOT, NOR, NAND,
XOR and XNOR Operations like shift and rotate are
also performed in ALU. Frequency scaling, capacitance
scaling, voltage scaling, are various scaling methods

using these changes in power consumption and junction
temperature is observed. The basic idea is to perform
frequency scaling and capacitance scaling to observe
the variations while keeping the other parameters
constant. Verilog is used to implement this energy
and thermal-efficient Image ALU.

2.

LITERATURE REVIEW
CPU frequency scaling technique is proposed
by Yang 1, et al. to achieve energy efficiency. We are
integrating the idea of capacitance scaling 2 along
with frequency scaling. Capacitance and technology
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scaling using different nm technologies have been
described 3. Arithmetic and logical operations using
8-bit ALU have been performed in this. Capacitance
scaling and frequency scaling have been done to make
energy-efficient image inverter design 4. Variation in
power consumption and junction temperature have been
evaluated. Information about FPGA implementation for
various image processing algorithms using the most
efficient tool called Xilinx system generator (XSG) for
Matlab has been provided 5. Various morphological and
intensity image processing algorithms for negatives,
image enhancement, threshold, contrast stretching,
Edge detection, boundary extraction for grayscale and
colour images have been explored.

with a fixed capacitance of 5pF whereas Logic power
faces a reduction of 83.67 per cent, Signals power
faces a reduction of 91.58per cent, DSPs power faces
a reduction of 97.06 per cent, IOs power faces a
reduction of 97.23 per cent, Leakage power faces
a reduction of 75.52 per cent, total power faces a
reduction of 96.79 per cent and Junction temperature
faces a reduction of 63.66 per cent as shown in Table
1. With 5pF, IO power consumption, leakage power
consumption and junction temperature for different
frequencies is also shown in Fig. 3.
Table 1. Power Consumption with 5pF Capacitance
Frequency
(GHz)

1

5

10

15

25

Clock power

0.007

0.037

0.0745

0.111

0.185

Logic power

0.024

0.094

0.11

0.123

0.147

Signals power

0.024

0.102

0.151

0.198

0.285

Dsps power

0.001

0.007

0.013

0.02

0.034

Ios power

0.653

4.535

9.07

13.605

22.676

Leakage power

0.047

0.057

0.074

0.1

0.192

Total power

0.756

4.832

9.493

14.156

23.518

Junction temp

26.6

34.9

44.5

54

73.2

Figure 1. RTL schematic of image ALU.

3.

ARCHITECTURE OF IMAGE ALU
Image ALU has four input signals and one output
signal. Image1, Image2, and Sel are 3 multi bit inputs
and ClkIn is one single bit input in Image ALU. There
is one multi-bit output i.e. Processed_Image.
Image 1 and Image 2 are of 16-bits each, Sel is
4-bit and it is a selector line which is used to select
the particular arithmetical and logical operation out
of total 16 operations performed by ALU, and one
clock pulse are input signals. Processed image which
is of 16-bit, is the output image produced after the
processing of two input images.
4.	RESULTS AND DISCUSSION OF
CAPACITANCE SCALING
Capacitance scaling results in variation in IOs
power, leakage power, total power, and junction
temperature but there is no variation in clock power,
logic power, signal power, DSPs power because these
are independent from variation in capacitance.
4.1	Power Consumption with 5pF Capacitance
There is 96.2 per cent reduction in Clocks power
while frequency is decremented from 25 GHz to 1GHz
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Figure 3. Frequency Vs Power at C = 5pF.

4.2	Power Consumption with 15pF Capacitance
There is 96.2 per cent reduction in clocks power
while frequency is decremented from 25 GHz to 1GHz
with a fixed capacitance of 15pF whereas Logic power
faces a reduction of 83.67 per cent, Signals power
faces a reduction of 91.58 per cent, DSPs power
faces a reduction of 97.06 per cent, IOs power faces
a reduction of 97.12 per cent, Leakage power faces
a reduction of 90.13 per cent, total power faces a
reduction of 96.93 per cent and Junction temperature
faces a reduction of 72.29 per cent as shown in Table
2. With 15pF, IO power consumption, leakage power
consumption and junction temperature for different
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frequencies is also shown in Fig. 4.

Table 3. Power consumption with 25pF capacitance

Table 2. Power consumption with 15pF capacitance
Frequency

1

5

10

15

25

Clock power

0.007

0.037

0.07

0.11

0.185

Logic power

0.024

0.094

0.11

0.12

0.147

Signals
power

0.024

0.102

0.15

0.2

0.285

Dsps power

0.001

0.007

0.01

0.02

0.034

Ios power

1.026

7.127

14.3

21.4

35.64

Leakage
power

0.047

0.066

0.1

0.17

0.476

Total power

1.13

7.432

14.7

22

36.76

Junction
temp

27.3

40.2

55.2

70.1

100.4

Frequency

1

5

10

15

25

Clock power

0.007

0.037

0.07

0.11

0.185

Logic power

0.024

0.094

0.11

0.12

0.147

Signals power

0.024

0.102

0.15

0.2

0.285

Dsps power

0.001

0.007

0.01

0.02

0.034

Ios power

1.399

9.719

19.4

29.2

48.6

Leakage power

0.048

0.077

0.15

0.3

0.993

Total power

1.503

10.64

19.9

29.9

50.24

Junction temp

28.1

45.6

65.9

86.3

125

Figure 5. Frequency vs power at C = 25pF.

Figure 4. Frequency vs power at C = 15pF.

4.3	Power consumption with 25pF capacitance
There is 96.2 per cent reduction in Clocks power
while Frequency is decremented from 25GHz to 1GHz
with a fixed capacitance of 5 pF whereas Logic power
faces a reduction of 83.67 per cent, Signals power
faces a reduction of 91.58 per cent, DSPs power
faces a reduction of 97.06 per cent, IOs power faces
a reduction of 97.12 per cent, Leakage power faces
a reduction of 95.17 per cent, total power faces a
reduction of 97.00 per cent and Junction temperature
faces a reduction of 75.52 per cent as shown in Table
3. With 25pF, IO power consumption, Leakage power
consumption and junction temperature for different
frequencies is also shown in Fig.5.
4.4	Power Consumption with 35pF Capacitance
There is 96.2 per cent reduction in Clocks power
while Frequency is decremented from 25GHz to 1GHz
with a fixed capacitance of 5pF whereas Logic power

faces a reduction of 83.67per cent, Signals power
faces a reduction of 91.58per cent, DSPs power
faces a reduction of 97.06per cent, IOs power faces
a reduction of 97.12per cent, Leakage power faces
a reduction of 95.07per cent, total power faces a
reduction of 97.01per cent and Junction temperature
faces a reduction of 79.96per cent as shown in Table
4. With 35pF, IO power consumption, Leakage power
consumption and junction temperature for different
frequencies is also shown in Fig. 6.

4.5	Power Consumption with 50pF Capacitance
There is 96.2 per cent reduction in clocks power
while Frequency is decremented from 25GHz to 1GHz
with a fixed capacitance of 5pF whereas Logic power
faces a reduction of 83.67 per cent, Signals power
faces a reduction of 91.58 per cent, DSPs power
faces a reduction of 97.06 per cent, IOs power faces
a reduction of 97.12 per cent, Leakage power faces
a reduction of 94.96 per cent, total power faces a
reduction of 97.05per cent and Junction temperature
faces a reduction of 76per cent as shown in Table
5.
With 5pF, IO power consumption, Leakage power
consumption and junction temperature for different
239
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Table 4. Power consumption with 35pF capacitance
Frequency

1

5

10

15

25

Clock power

0.007

0.037

0.07

0.11

0.185

Logic power

0.024

0.094

0.11

0.12

0.147

Signals power

0.024

0.102

0.15

0.2

0.285

Dsps power

0.001

0.007

0.01

0.02

0.034

Ios power

1.771

12.31

24.6

36.9

61.56

Leakage power

0.049

0.09

0.22

0.51

0.993

Total power

1.877

12.64

25.2

37.9

63.2

Junction temp

28.8

50.9

76.7

103

125

Table 7. Frequency Vs. Power at C = 50pF.

per cent reduction in Junction temperature as shown
in Table 6. There is no variation in clock power, logic
power. With 1GHz, IO power consumption, leakage
power consumption and junction temperature for
different capacitances is also shown in Fig. 8.

5.2	Power Consumption with F=5GHz Frequency
Table 6. Power consumption with 1GHz crequency
Table 6. Frequency vs power at C = 35pF.

frequencies is also shown in Fig 7.
5.	RESULTS AND DISCUSSION OF
FREQUENCY SCALING
Table 5. Power consumption with 50pF capacitance
Frequency

1

5

10

15

25

Clock power

0.007

0.037

0.11

0.11

0.185

Logic power

0.024

0.094

0.12

0.12

0.147

Signals power

0.024

0.102

0.2

0.2

0.285

Dsps power

0.001

0.007

0.02

0.02

0.034

Ios power

2.33

16.2

48.6

48.6

81

Leakage power

0.05

0.118

0.99

0.99

0.993

Total power

2.437

16.56

50

50

82.64

Junction temp

30

59

125

125

125

Capacitance 5

15

25

50

65

75

Clock power

0.007

0.007

0.007

0.007

0.007

0.007

Logic power

0.024

0.024

0.024

0.024

0.024

0.024

Signals
power

0.024

0.024

0.024

0.024

0.024

0.024

Dsps power

0.001

0.001

0.001

0.001

0.001

0.001

Ios power

0.653

1.026

1.399

2.33

2.889

3.262

Leakage
power

0.047

0.047

0.048

0.05

0.052

0.053

Total power

0.756

1.13

1.503

2.437

2.997

3.371

Junction
temp

26.6

27.3

28.1

30

31.1

31.9

Frequency scaling results in variation in all powers
and junction temperature. These powers include clock
power, logic power, signal power, DSPs power, IOs
power, leakage power, total power.

5.1	Power Consumption with F=1GHz Frequency
For 1GHz frequency, when we scale down capacitance
from 75pF to 5pF then there is 79.98 per cent reduction
in IOs power, 11.32 per cent reduction in lLeakage
power, 77.5 per cent reduction in total power and 16.61
240

Figure 8. Capacitance vs power at F = 1 GHz.

For 5 GHz frequency, when we scale down capacitance
from 75pF to 5pF then there is 80per cent reduction in
IOs power, 69.35per cent reduction in Leakage power,

Garg & Gupta : Capacitance and Frequency Scaling Based Low Power and Thermal-efficient Image ALU

79.09per cent reduction in total power and 51.79per
cent reduction in Junction temperature as shown in
Table 7. There is no variation in clock power, logic
power. With 1GHz, IO power consumption, Leakage
power consumption and junction temperature for
different capacitances is also shown in Fig. 9.

5.3	Power Consumption with F=10GHz
Frequency
For 10 GHz frequency, when we scale down
Table 7. Power consumption with 5 GHz frequency
Capacitance 5

15

Clock power

0.037

Logic power

0.094

Signals
power

25

50

65

75

0.037 0.037

0.037

0.037

0.037

0.094 0.094

0.094

0.094

0.094

0.102

0.102 0.102

0.102

0.102

0.102

Dsps power

0.007

0.007 0.007

0.007

0.007

0.007

Ios power

4.535

7.127 9.719

16.199

20.087 22.679

Leakage
power

0.057

0.066 0.077

0.118

0.155

Total power

4.832

7.432 10.635

16.556

20.481 23.105

Junction
temp

34.9

40.2

59

67

45.6

Figure 8. Power consumption with 10 GHz frequency
Capacitance

5

15

25

50

65

Clock power

0.0745

0.0745

0.0745

0.0745

0.0745 0.0745

75

Logic power

0.11

0.11

0.11

0.11

0.11

0.11

Signals power

0.151

0.151

0.151

0.151

0.151

0.151

Dsps power

0.013

0.013

0.013

0.013

0.013

0.013

Ios power

9.07

14.254

19.438

32.398

40.174 45.358

Leakage power

0.074

0.104

0.149

0.374

0.63

Total power

9.493

14.706

19.935

33.121

41.152 46.581

Junction temp

44.5

55.2

65.9

92.9

109.4

0.874
120.5

0.186

72.4

Figure 10. Capacitance vs power at F = 10GHz.

cent reduction in IOs power, 89.9per cent reduction in
Leakage power, 79.63per cent reduction in total power
and 56.68per cent reduction in Junction temperature as
shown in Table 9. There is no variation in clock power,
logic power. With 15 GHz, IO power consumption,
Leakage power consumption and junction temperature
for different capacitances is also shown in Fig. 11.

Figure 9. Capacitance vs power at F = 5 GHz.

capacitance from 75pF to 5pF then there is 80 per
cent reduction in IOs power, 9.15per cent, reduction in
Leakage power, 79.62per cent reduction in total power
and 63.07per cent reduction in Junction temperature
as shown in Table 8. There is no variation in clock
power, logic power. With 1GHz, IO power consumption,
Leakage power consumption and junction temperature
for different capacitances is also shown in Fig. 10.

5.4	Power Consumption With F=15GHz Frequency
For 15 GHz frequency, when we scale down
capacitance from 75pF to 5pF then there is 80per

5.5	Power Consumption with F=25GHz Frequency
For 25 GHz frequency, when we scale down
capacitance from 75pF to 5pF then there is 80per
cent reduction in IOs power, 80per cent, reduction in
Leakage power, 79.56per cent reduction in total power
and 41.44per cent reduction in Junction temperature as
shown in Table 10. There is no variation in clock power,
logic power. With 25 GHz, IO power consumption,
Leakage power consumption and junction temperature
for different capacitances is also shown in Fig. 12.
6.	CONCLUSION
For energy and thermal-efficient design Capacitance
scaling and Frequency Scaling are effective techniques.
Frequency scaling results in variation in IO power,
leakage power and junction temperature of Image ALU.
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Table 9. Power Consumption with 15 GHz Frequency
Capacitance

5

15

25

50

65

75

Clock power

0.111

0.111

0.111

0.111

0.111

0.111

Logic power

0.123

0.123

0.123

0.123

0.123

0.123

Signals power

0.198

0.198

0.198

0.198

0.198

0.198

Dsps power

0.02

0.02

0.02

0.02

0.02

0.02

Ios power

13.605 21.381

Leakage power 0.1

0.172

29.157 48.597

60.261 68.037

0.3

0.993

0.993

0.993

Total power

14.156 22.005

29.909 50.042

61.706 69.482

Junction temp

54

86.3

125

70.1

125

125

Figure 12. Capacitance vs power at F = 25 GHz.

has been found that there is 80 per cent change in
IOs power, 69.35 per cent change in leakage power,
79.09 per cent change in total power and 51.79 per
cent change in junction temperature as capacitance
change from 5pF to 75pF.

Figure 11. Capacitance vs power at F = 15 GHz
Table 10. Power consumption with 25 GHz frequency
Capacitance

5

15

25

50

65

75

Clock power

0.185

0.185

0.185

0.185

0.185

0.185

Logic power

0.147

0.147

0.147

0.147

0.147

0.147

Signals power

0.285

0.285

0.285

0.285

0.285

0.285

Dsps power

0.034

0.034

0.034

0.034

0.034

0.034

Ios power

22.676

35.636 48.596

80.996 100.44

113.396

Leakage
power

0.192

0.476

0.993

0.993

0.993

0.993

Total power

23.518

36.762 50.24

82.64

102.08

115.04

Junction temp

73.2

100.4

125

125

125

125

Capacitance scaling does not show any variation for
Clock power, Logic power, Signal power and DSPs
powers for a constant frequency.
Along with 5pF capacitance, it has been found
that there is 97.23 per cent change in IOs power,
75.52 per cent change in leakage power, 96.79 per
cent change in total power and 63.36 per cent change
in junction temperature as frequency change from
1GHz to 25 GHz. Along with 5GHz capacitance, it
242

7.	FUTURE SCOPE
Image ALU has been designed on 28nm FPGA.
There is open scope to redesign this circuit on 16nm
Future ultra scale FPGA. Here, frequency and capacitance
scaling is applied to get energy efficient design. there
is wide scope to redesign this circuit using other
energy efficient design technique like clock gating,
power gating, mapping, IO standard, LVCMOS IO
standard and HSTL IO Standard.

fu’d’kZ
ÅtkZ vkSj FkeZy dq'ky fMtkbu /kkfjrk ekiu vkSj vko`fÙk
ekiu ds fy, çHkkoh rduhd gSA vkbZvks 'kfä] fjlko 'kfä
vkSj fp= ,,y;w ds taD'ku rkieku esa fofHkUurk vko`fÙk ekiu
dk ifj.kke gSA /kkfjrk ekiu ,d fujarj vko`fÙk ds fy, Dy‚d
i‚oj] rdZ 'kfä] flXuy 'kfä vkSj Mh,lih 'kfä;ksa ds fy, dksbZ
Hkh cnyko ugha n'kkZrk gSA 5ih,Q /kkfjrk ds lkFk] vkbZvks,l
'kfä esa 97-23% ifjorZu] fjlko 'kfä esa 75-52% ifjorZu]
dqy 'kfä esa 96-79% vkSj 1 xhxkgVZ~t ls 25 xhxkgVZ~t ds
vko`fÙk ifjorZu ls taD'ku rkieku esa 63-36% ifjorZu ik;k
x;k gSA 5 xhxkgVZ~t /kkfjrk ds lkFk] ;g vkbZvks,l 'kfä esa
80% ifjorZu] fjlko 'kfä esa 69-35% ifjorZu] dqy 'kfä esa
79-09% ifjorZu vkSj 5ih,Q ls 75 ih,Q ds /kkfjrk ifjorZu
ls taD'ku rkieku esa 51-79% ifjorZu ik;k x;k gSA
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,l,lVh,y fuos”k fuxZe ekud vk/kkfjr VsVjk gVZ~t vkSj ÅtkZ n{k ey;kye ;wfudksM jhMj dk
fMtkbu vkSj ,Qihth, ij dk;kZUo;u
SSTL IO Standard-based Tera Hertz and Energy Efficient Malayalam Unicode Reader
Design and Implementation on FPGA
Amanpreet kaur, Bishwajeet Pandey*, Aayushi Sharma, Kulbhushan Sharma and Sunny Singh
Chitkara School of Electronics and Communication, Chitkara University, Patiala
*
E-mail: bishwajeet.pandey@chitkara.edu.in

lkjka”k
ey;kye fyfi ds fy, “kCnks ds ;wfudksM lhek,¡ 0D00&0D7F gSA bl vkys[k esa ge ey;kye ;wfudksM
jhMj ds gkMZos;j fMtkbu vkSj blds LFkkiu dks ojVSDl&6 ,Qihth, ij djsxsaA ;g fMtkbu 1 VsVjkgVZ~t] 100
xhxkgVZ~t] 10 xhxkgVZ~t]1 xhxkgVZ~t] 100 esxkgVZ~t] 10 esxkgVZ~t] 1 esxkgVZ~t ,l,lVh,y vko`fr;ksa ij ifjpkfyr
midj.kksa ij tk¡pk x;k gSaA vkSj bldk fuos”k&fuxZe ekud dk mi;ksx blds fMtkbu dks ÅtkZn{k cukrk gSaA
,l,lVh,y2_1 ds mi;ksx ls] 20&90% fuos’k/fuxZe ÅtkZ miyC/k Fkh tcfd ,l,lMh,y18_1] ÅtkZ cpr 32&93%
rd c<+ tkrh gS tc midj.k 1esxkgVZ~t ls 1VsVjkgVZ~t dh lheh esa dk;Z djrs gSaA bl ;wfudksM ikBd dks dkmaVj
ds lkFk ç;ksx djus ij Loj] O;atu] vkSj vadksa dh la[;k dks fxuk tk ldrk gSaA
Abstract
The Unicode range of characters for Malayalam script is 0D00–0D7F. In this paper the hardware
design and implementation of Malayalam Unicode reader for scripts on Virtex-6 FPGA has been covered.
This design was tested with the devices operating at the frequency of 1THz, 100GHz, 10GHz, 10GHz,
1GHz, 100MHz, 10MHz, 1MHz SSTL (Stub Speed Transceiver Logic) and this I/O standard is used
to make this design more energy efficient. Using SSTL2_1, 20-90 percent I/O power was THERE and
while using SSTL18_1, the saving increases to 32-93 percent with the device operating in range of
1THz to 1MHz. This Unicode reader can count the number of vowel, consonants, and digit when used
with counter.
Keywords: Malayalam unicode reader, unicode, SSTL IO standard, energy efficient hardware design,
FPGA

1.

Introduction
Malayalam language is the official language of the
Indian state Kerela. It is spoken by over 35 million
people over the world. ‘Malayalees’ are the people who
speak this language [1]. Apart from Kerala, Malayalam
is also spoken by the people of Lakshadweep (a
union territory on the western coast of India). The
term ‘Malayalam’ is derived from the two words
Mala and Alam. ‘Mala’ which means mountain and
‘Alam’ which means land or place [1] . Among the
15 major languages of India, Malayalam is the 8th
most important language [2]. Until the 16th century,
Malayalam was written in the vattezhuthu script, a
Brahmic script which developed alongside Grantha
writing, from which the modern Malayalam script.
Malayalam is a descendent of the Grantha script. A
new lipi or style of writing was introduced to replace

the old style in 1981. This new style reduced the
number of characters radically. As other languages it
is also written from left to right. Basically it consists
of 53 letters called akṣaras; 37 of them represent full
syllables of a consonant and the vowel [a], and 16
represent independent vowel [3]. For implementation
of Malayalm Unicode reader, Gurumukhi Unicode
Reader [4], Devanagari Unicode reader [5] and Bengali
Unicode reader [6] were analyzed. In order to design
an energy efficient Malayalam Unicode reader, Stub
Series Terminated Logic [7-9] was used resulting into
an SSTL based energy Unicode reader.

2. 	EXPERIMENTAL SETUP
This design was implemented on Virtex-6 and
Spartan-6 FPGA family with Xilinx ISE 12.1 simulator
and Verilog HDL (hardware description language).
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Table 1. Range allocation of few words of Malayalam
unicode scripts[3].
Hexadecimal code

Malayalam letter

0D0B ഋ

VOCALIC R

0D0C ഌ

VOCALIC L

0D15 ക

KA

0D19 ങ

NGA

0D35 വ

VA

0D3D ഽ

SIGN AVAGRAHA

0D3E $ാ

SIGN AA

0D4A $ൊ

VOWEL SIGN O

0D4D $്

SIGN VIRAMA

As shown in Figure 1, it is taking Unicode of
Gurumukhi reader in form of 16-bit hex-decimal input
and specify it as vowel, consonant, digit, and special
symbol of Gurumukhi scripts or not.

4. 	RESULTS USING SSTL CLASS I I/O
STANDARD
Power reading is taken at the different values
of frequency. For SSTL2_1 class I/O standard at
frequencies ranging from 1THz to 1MHz the power
efficiency is increased, i.e. from 20-90 percent as we
change the technology from VIRTEX-6 to SPARTAN-6
as shown in Table 1 and Figure 2.
Table 2. Power dissipation with class 1 signaling at SSTL2_I
S.No.

Frequency

VIRTEX-6

SPARTAN-6

1.

1 THz

33.223

26.340

2.

100 GHz

4.676

2.745

3.

10 GHz

1.382

0.363

4.

1GHz

1.051

0.121

5.

100MHz

1.018

0.097

6.

10MHz

1.015

0.094

7.

1MHz

1.014

0.094

XPower Analyzer was used for the analysis of the power.
SSTL logic family was used for impedance matching of
transmission line, device and port. Initial supply voltage
was 1.0V and Output driver supply voltage was 2.5V
with 25 ͦ C ambient temperature. In implementation on
6vlx75tff484-3 device of Virtex-6 and Spartan-6 FPGA
family, 16 basic elements (BELS),5 D Flip-flops, 1
clock buffers, 16 input buffers (IBUF) and 6 output
buffers (OBUF) were used to implement Malayalam
Unicode Reader. Also the numbers of LUT’s used are
14. From available resource on Virtex-6 FPGA and
Spartan-6, only 5 Slice Registers of the total 93120
available Slice Registers, 14 Slice LUTs out of total
46560 available, and 23 input/output buffers out of
240 input/output buffers were employed.

3.

SCHEMATIC OF MALAYALAM
UNICODE READER
The schematics of Malayalam reader takes 16bit hexadecimal code of alphabet and clock input as
shown in Figure 1. The output that can be given by
this reader can be one of five outputs. If alphabet
is not Malayalam Unicode then the output will be
given at NotValidSign; otherwise depending on the
type of Malayalam input, the output will be at the
corresponding port.

Figure 2. Power dissipation at VIRTEX-6 and SPARTAN-6.

For SSTL18_I class-I I/O standard at frequencies
ranging from 1THz to 1MHz the power efficiency
is increased from 31-93 percent as we change the
Table 3. Power Dissipation With Class 1 Signaling of
SSTL18_I

Figure 1. Schematic of Malayalam unicode reader.

S.No.

Frequency

VIRTEX - 6

SPARTAN-6

1.

1 THz

34.022

23.342

2.

100 GHz

4.360

2.426

3.

10 GHz

1.340

0.312

4.

1GHz

1.037

0.097

5.

100MHz

1.007

0.075

6.

10MHz

1.004

0.073

7.

1MHz

1.003

0.072
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technology from Virtex-6 to Spartan-6 as shown in
Table 2 and Figure 3.

technology from Virtex-6 to Spartan-6 as shown in
Table 4 and Fig. 5.
Table 5. Power Dissipation with Class 1I Signaling at
SSTL18_II

Figure 3. Power dissipation at VIRTEX-6 and SPARTAN-6.

S.No.

Frequency

VIRTEX-6

SPARTAN-6

1.

1 THz

37.860

27.190

2.

100 GHz

4.764

2.820

3.

10 GHz

1.390

0.361

4.

1GHz

1.052

0.111

5.

100MHz

1.018

0.086

6.

10MHz

1.015

0.084

7.

1MHz

1.014

0.083

Ta b l e 4 . P o w e r D i s s i p a t i o n w i t h C l a s s I I S i g n a l i n g
at SSTL2_II
S.No.

Frequency

VIRTEX - 6

SPARTAN-6

1.

1 THz

44.512

33.870

2.

100 GHz

5.460

3.509

3.

10 GHz

1.472

0.453

4.

1GHz

1.072

0.142

5.

100MHz

1.032

0.111

6.

10MHz

1.028

0.108

7.

1MHz

1.028

0.07

For SSTL2_II class I/O standard at frequencies
ranging from 1THz to 1MHz the power efficiency
is increased ie from 23-93percent as we change the
technology from VIRTEX-6 to SPARTAN-6 as shown
in Table-3 and Figure-4. We are using 45nm technology
based Spartan-6 and 40nm technology based Virtex-6
FPGA. We are operating our Malayalam Unicode reader
with different operating frequency of 1 THz, 100 GHz,
10 GHz, 1GHz, 100MHz, 10MHz and 1MHz.
For SSTL18_II Class II I/O standard at frequencies
ranging from 1THz to 1MHz the power efficiency is
increased i.e. from 28-92 percent as we change the

Figure 5. Power dissipation at VIRTEX-6 and SPARTAN-6.

5. 	CONCLUSION
Using SSTL I/O standards, we can conclude that
we save more power in case of Spartan-6 than Virtex-6
while operating in range of 1THz to 1MHz. Also by
changing the SSTL family, the change in the power
dissipation is clear. We can also see that SSTL2_II
studied in Spartan-6 FPGA at 1MHz operating frequency
is 93.19 percent efficient (most) than Virtex-6 FPGA
at the same frequency.
6. 	FUTURE SCOPE
In this project we design Malayalam Unicode reader
and there is wide scope to implement this design for
various other languages like Sindhi, Urdu etc. This
design is implemented on Virtex-6 and Spartan-6
FPGA . There is wide open to re-implement this
Unicode reader design on the latest technology
FPGA like 28nm 7-series Kintex-7 FPGA, 22nm
ultra scale FPGA, and 14nm future FPGA.

fu"d"kZ
Figure 4. Power dissipation at Virtex-6 and Spartan-6.
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,l,lVh,y fuos”k&fuxZeekudksa dk ç;ksx ls] ge fu’d’kZ
fudky ldrs gSa fd ojVSDl&6 ds LFkku ij LikjVSu&6 dks 1
eSxkgtZ ls 1VSjkgtZ dh jsat esa dk;Z djus ls ge dkQh ÅtkZ
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cpk ldrs gSA ,l,lVh,y ifjokj esa cnyko ls Hkh ÅtkZ
[kir esa cnyko gksrk gSaA ge ;g Hkh ns[krs gSa ,l,lVh,y2_II
LikjVSu&6 ,Qihth, dh 1eSxkgtZ vko`fÙk ij dk;Z oSjVSDl&6
,Qihth, 1eSxkgtZ vko`fÙk ij dk;Z ls 93-19 percent vf/kd
dq’ky gSaA
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lkjka”k
varr% fo'o vuqç;ksxksa ¼,fIyds'kUl½ dh ubZ ih<+h dh vksj c<+ jgk gS] pkgs os Lok/kkfjr ,fIyds'ku gks ;k
osc vk/kkfjr ,fIyds'ku ;k var%LFkkfir ,fIyds'kuA gj pht dks LekVZ] yphyk] ekiuh;] vfr&rhoz vkSj lkFk
gh vklkuh ls vuqdwyuh; gksus dh t:jr gSA mi;qZä vko';drkvksa dks iwjk djus ds fy, nks phtksa ij fopkj
fd;k tkuk pkfg,&vxz 'kh"kZ vkSj i'p 'kh"kZA ;fn ,d pht cgqr çHkko'kkyh gksrh gS vkSj nwljh <hyh&<kyh gksrh
gS] rks iwjk la;kstu cgqr cM+h foQyrk lkfcr gksxkA gj pht dks nksuksa fljksa ls LekVZ gksus dh t:jr gSA ;gka
ge fiNys fljs ij viuk /;ku dsfUær djus tk jgs gSaA ifjçs{;ksa ds vk/kkj ij fofHkUu çdkj ds fiNys fljs gks
ldrs gSa] tSls Qkby flLVe] MsVkcsl] bR;kfnA ysfdu blesa Hkh] eq[;r% nks çdkj ds MsVkcsl gks ldrs gS&1- os
tks ,lD;w,y ij vk/kkfjr gksrs gSa ftUgsa vke rkSj ij vkjMhch,e,l ds :i esa tkuk tkrk gS] tSls vkSjsdy]
ekbZ,lD;w,y] bR;kfnA 2- os tks ikjaifjd ç'uksa ij vk/kkfjr ugha gksrs gSa] ftUgsa uks,LD;w,y MsVkcsl ds :i esa
tkuk tkrk gS] tSls ek¡xksaMhch] gMwi] dSlkUMªk] bR;kfnA fdarq] ,sls fHkUu&fHkUu ifjçs{; gks ldrs gSa ftuesa fofHkUu
çdkj ds MsVkcsl mi;qä gksrs gksaA lcds vius lacaf/kr l'kä vkSj detksj i{k gSaA
Abstract
Eventually the world is heading towards the new generation of applications, be it standalone applications
or web based applications or embedded ones. Everything needs to be smart, flexible, scalable, lightening
fast and last but not the least, easily adaptable. To fulfill the above requirements, there are two things
to be taken under consideration – front end and back end. If one will be ultra impressive and other will
be lacking the smartness then the combo will be a big flop. Everything needs to be smart at both the
ends. Here we are going to shift our focus on the back end. There can be various types of back ends,
depending on the scenarios, like file system, databases, etc. But in that too, there can be mainly two
types of databases – (i). The ones which are based on SQL which are commonly known as RDBMS,
like Oracle, MySQL, etc. (ii). The ones which are not dependent on the traditional queries, known as
NoSQL databases, like MongoDB, Hadoop, Cassandra, etc. But there can be different scenarios where
different types of databases fit in. All have their respective pros and cons.
Keywords: Database, RDBMS, SQL, NoSQL

1.

Introduction
Since 1960s, database technology has been an
active topic of research in every field, be it academic
or companies based on research and development.
Now we are going to discuss about both types of
databases, their architecture, usage, scenarios where
they fits in, their pros and cons and almost everything
about them.
2.

Architecture
Basically, architecture is a high level structure of
anything, be it software, database, or a building, etc.
It gives the air plane view. There are n numbers of

databases on the planet, be it RDBMS or NoSQL like
MySQl, Oracle, PostgreSQL, MongoDb, Cassandra, to
name a few. Our main motive is to understand the
in-depth working of both types of databases, so let’s
pick one from both the families and study them. Let
it be MySQL (RDBMS) and MongoDB (NoSQL).

2.1	MySQL
MySQL is a schema based database and works
on the table based format containing related data to
the real life scenarios.
These types of tables can be made in relational
databases. These tables are queried using the SQL
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Serial no

First name

Last name

Languages known

1

Anuj

Sharma

Java, PHP

(Structured Query Language). SQL queries will be
used to work on such type of tables. E.g. insert into
table_name values (“1”, “Anuj”, “Sharma”, “Java,
Php”);.The basic architecture of a MySQL database
is given in Fig. 1.

Figure 2. The basic architecture of MongoDb.
Table 1. Comparision of terms and concepts of SQL and
MongoDb
Figure 1. The basic architecture of a MySQL database.

2.2 MongoDb
This database is a schema-less and documentoriented database. It basically works on the key-value
pair relationship but not on the table based format.
What we call tables in MySQL is likely to be called
as collections in MongoDb. Collection is actually a
collection of key-value pair based documents. They
are not based on some specific type of table. e.g. if
you have a table in MySQL which is designed to have
details of a user, like, name, address, contact details
etc. then the database user is bound to enter only
that type of details in the database which corresponds
to user details only as you cannot enter the name
in the address column or vice versa. But there is
no such restriction in the case of MongoDb or any
other document based or NoSQL based database.
Suppose you have a document with the key-value as
{‘first_name’:’anuj’, ‘last_name’:’sharma’} and then
the scenario got changed and you have to write middle
name also in the forthcoming entries then there is
no dependency on the previously entered data. Fresh
entries can be made with the middle name included in
them. So basically MongoDb provides much flexibility
for the user. Although it is recommended to use same
type of data in a particular collection but that is not
mandatory. The basic architecture of the MongoDb
is given in Fig. 2.
3.	Terminology and Concepts
3.1	Comparison between MySQL and
MongoDb
There are a lot of differences and similarities in
MongoDb and MySQL related to various types of
conditions. Let’s go through them one by one a bit
in detail.

SQL Terms/Concepts

MongoDB Terms/ Concepts

database

database

table

collection

row

document or BSON document

column

field

index

index

table joins

embedded documents and linking

primary key
Specify any unique column
or column combination as
primary key.

primary key
In MongoDB, the primary key is
automatically set to the_id field.

aggregation (e.g. group by)

aggregation pipeline

3.1.1 Representation of Data.
MySQL represents data in the form of tables,
rows and columns whereas MongoDb represents the
data in the form of collections of JSON (Javascript
Object Notation) documents.
3.1.2 Querying
SQL stands for Structured Query Language which
is basically used to query a MySQL database. In this,
string is passed in the query which is parsed by the
database system which makes it possible to have an
SQL injection attack.
MongoDb is queried by objects. It means that an
object will be passed it to tell the system that what
we actually want it to perform. It doesn’t have any
language to be parsed.
3.1.3 Relationships in the Ddata
MySQL comes with the JOIN operation which
allows the user to query over multiple tables whereas
MongoDb doesn’t support any functionality as JOINS.
But it supports multi-dimensional data types such as
249

managing information technology

arrays. If some data needs to be embedded or connected
then that particular document can be inserted in the
other documents. E.g. if you have to design a blog
using MySQL then you will have two tables, one for
posts and one for comments but that will not be the
case of MongoDb as you can have only one collection
of posts and can have multiple arrays of comments
embedded in those posts.

3.1.4 Schema Design
MySQL doesn’t provide much flexibility about
how the data will be structured in the database. It
will force you to have pre-defined tables and columns
to start to store anything and every row must have
the same related data as per the columns. But that
is not the case with MongoDb, just the documents
need to be dropped there and that’s it. And multiple
documents are not mandatory to have same name or
number of fields.
3.1.5 Performance
MySQL gets blamed for its performance being poor
very often. But if you have indexed your data properly
and using a database wrapper then its performance
can be considerably good. Contrary to it, by dropping
the things like joins and by having fantastic tools for
analysis of performance, MongoDb can perform far
better than any other relation database. But to get the
most out of it, you will still have to index your data.
But in most of the cases, you won’t have the enough
data to actually witness the difference.
3.1.6 When to choose MySQL
If you are sure that your data can easily be
the part of the standard tables and columns culture
then MySQL can be your best bet. If performance
is your biggest concern and SQL is the hardcore
choice of yours then just index your data properly
and sophisticatedly and you can get the considerably
good performance.
3.1.7 When to choose MongoDb
If you think that the data is complex enough not
to suit a standard system of tables and columns. If

250

you are not in a condition to pre-decide that how
would your schema will look like or you want to
store the data in a single collection but with multiple
types of fields and not with one standard type of
fields then there is no doubt that you must go with
the MonogoDb.

4.	Conclusion
In this paper we have discussed almost everything
about the relational and non-relational databases or
you can say NoSQL databases. We have gone through
their architectures, their pros and cons, which size
they fit in, where to use them and where not to use
them. So, any person who reads this paper paper can
make a decision to select which database will be of
better choice for the project and where else it can
be implemented.

fu’d’kZ
bl i= esa geus laca/k vk/kkfjr ;k xSj&laca/k vk/kkfjr
MsVkcsl vFkok vki dg ldrs gSa uks,lD;w,y MsVkcsl ds ckjs
esa yxHkx lkjh ckrksa ij ppkZ dh gSA geus muds okLrqf'kYi]
muds i{k vkSj foi{k] fdl vkdkj esa os mi;qä cSBrs gSa] dgka
mudk mi;ksx fd;k tk, vkSj dgka ugha fd;k tk,] bu lc ij
fopkj fd;k gSA vr%] bl i= dk dksbZ Hkh ikBd viuk fu.kZ;
ys ldrk gS fd mldh ifj;kstuk ds fy, p;u fd, tkus gsrq
dkSu lk MsVkcsl csgrj fodYi gksxk vkSj bls dgka vkSj Hkh
dk;kZfUor fd;k tk ldrk gSA
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lkjka”k
esjh ‘kks/k i)fr ,Mokal lkWQVos;j bathfu;fjax dss Kkukuq”kklu ij vk/kkfjr gSA esjk izi= fofunsZ”k vkSj
izksxzke “kq)rk ds lR;kiu dks vyxkus dk iz;kl gSSA bl izi= ess iz”u dk mÙkj gSS ßge dSls /kkj.kkRed lkWQVos;j
bathfu;fjax dk vuq”kklu izHkkoh <ax ls vkSipkfjd ,Yxksfjne dh {kerk dk mi;ksx dj ldrs gSaAÞ ;g izi= vf}
rh; pqukSfr;ksa vkSj voljksa ds lkFk vkSipkfjd fofunsZ”k vkSj lR;kiu vo/kkj.kk ds o.kZu ls “kq: gksrk gSA blds
ckn ;g ,Mokal lkWQVos;j bathfu;fjaxt ds <akps ds ckjs esa crkrk gS vkSj var esa ;g áksjs dh rjg vuqla/kku
ds voljksa dk o.kZu djrk gSA
Abstract
The research methodology is based upon advance software engineering discipline. The paper is an
attempt to differentiate specification and verification of program correctness. This paper is an answer
to the question: What is unique about formal Methods and conceptually how software engineering
discipline can effectively utilise potential of formal algorithms? The paper begins by describing formal
specification and verifications concept along with challenges and opportunities. Next, it summarises the
life cycle advance software reengineering framework. Finally, it describes the research opportunities in
topic like Hoare logic.
Keywords: Advance software engineering, formal methods, formal algorithms, Hoare logic

1.

INTRODUCTION
Formal methods consist of writing specification of a
program using formal techniques. A formal technique is
a mathematical method to specify hardware and software
architecture. It also verify whether a specification is
realizable, verify that an execution and implementation
satisfies its specification, logically prove properties of
a system without necessarily reengineering the system,
etc. The mathematical basis of a formal method is
provided by the specification language.
System analyst must learn both syntax and semantic
of program construct, while writing system descriptions.
Both SYN and SEM must be synchronized so that
during later phase, correctness can be achieved.
A formal specification language consists of two
parameters SYN(X) and SEM(Y). The parameter ’X’
is called the syntactic domain, the parameter ‘Y’ is
called the semantic domain, and the relation ‘f’ should
synchronize satisfactory properties.
X----------------------- ‘f’---------------------->Y
Formal methods is the application aspect of mathematic
logic in the development of ‘correct’ software systems.

Formal specification is an example of formal methods
applied to verification and validation procedure.
Now let us define Algorithm Correctness (how
to prove programs are correct) using two keywords
Pre (P) and Post (Q)
The algorithm is correct if it can be proved that
if the pre-condition is true, the post-condition must
be true. Pre-condition (P) ⇒ Post-condition (Q)
Pre-condition of the algorithm: a predicate that
describes the initial state (before execution)
Post-condition of the algorithm: a predicate that
describes the final state (after execution).

1.1 Statement of the Problem
The major problems with informal specifications:
•
Informal specifications have generally been
seen ambiguous, which is likely to cause wrong
interpretations.
•
In many cases use of Informal specifications
create difficulties during inspection and testing
of programs because of the large gap between the
functional descriptions in the specifications and
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Formal Requirement
Analysis

Validation

Formal Specification

Verification

Formal
Re-Design

Figure 1. Pre and post condition

•
•

the program design.
Informal specifications are difficult to be fully
analysed during program debugging and hence
problems like consistency and validity.
Information specifications are not compatible and
difficult to support by application and software
tools in their life cycle like analysis, transformation,
and management (search, engineer, change, and
reuse).

Verification

Formal
Re-Coding

Verification

Formal
Re-Testing

1.2	Possible Solution
•
Adopt formal methods
•
Exercise these methods using set theory and
algebra
•
apply logics (Hoare and Dizkstra Logic)
•
Introduce mathematical induction
•
Use CAV and CASE tools.
•
Formal notation (formal language) for writing
specifications.
•
Logical calculus for formal verification (proof
calculus)
2.	Research Methodology
2.1 Specification in the Software Process
Formal methods primarily depend on traditional SAD
with one exception. Formal specifications are expressed
in a mathematical logic with defined vocabulary, syntax
and semantics of assertions. Architectural design is
essential to structure a specification. Major requirement
of formal specification can be conceptualised using
formal languages.
2.4	Why Use Formal Methods?
Formal methods refer to a variety of mathematical
252

Figure 2. Life cycle software specification of program (stages)

modeling techniques, which are used both to (a) Model
the behavior of a computer system and to verify
that the system satisfy design, safety and functional
properties. (b) Formal methods are typically employed
for the following reasons:
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2.2	Formal Life cycle SAD framework
(Modified Version)

Figure 3. Development costs with formal specification.

2.3	Formal Specification Languages

•
•
•

Formal methods usually have a well-founded
mathematical basis
The mathematical basis of the formal methods facilitates
automating the analysis of specifications
Formal m ethods have well-defined semantics.
o To find correctness of algorithm using
mathematical derivation (Hoare logic)
o They are expected to save development
costs
o The product can be made sufficiently reliable
and mathematical sound and complete
o Typically used in theoretical computer science
fundamentals, in particular logic calculi, formal
languages, automata theory, and program
semantic
o To correct liveners and safety properties

2.5	Where are Formal Methods Used?
• Microprocessor architectural design
• Cache coherency protocols and model
• Electronics and telecommunications protocols
• Transport rail and track signaling theory
• Financial and security protocols
• Industrial and automotive companies
3.	Formal Verification
Formal verification is an example of formal methods
applied to verification.Formal verification is a process
of constructing a proof that a software system will
react in accordance with its said specification.
Edsgar W. Dijkstra has defined more generic
verification procedure, ‘The ‘standard’ verification

technique is testing, but Program testing can be a
very effective way to show the presence of bugs,
but it is hopelessly inadequate for showing their
absence ’.

3.1	Challenges of Formal Verification
•
Complexity of verification
– Automatic for finite state systems (HW,
protocols)
– Semi-automatic in the general case of infinite
state systems (software)
•
State explosion problem
– Symbolic model checking
– Compositional reasoning
– Localisation Reduction (Formal Check)
– Partial Order Reduction (Spin)
3.2	Hoare Logic
Charles Antony Richard Hoare is British computer
scientist modified Dijkstra logic of formal verification
using formal system with a set of logical rules for
reasoning rigorously about the correctness of computer
programs.
3.3	Background
Hoare - An axiomatic basis for computer programming
(1969), describes a deductive system for proving
program correctness using set of a set of axioms and
inference rules about asserted programs
Dijkstra in his research article state that program
testing can be used to show the presence of bugs, but
never to show their absence!”
Hoare had tried to prove total correctness using
axiom.
Hoare triple: {P} S {Q}-using some predicate
{P}…..Precondition
[Q]…..Postcondition
(S)…..Program Statement
Partial correctness: If S is executed in a store
initially satisfying P and it terminates, then the final
store satisfies Q
Total correctness: As partial, but also requires
termination
Axiomatic logic: Axioms and rules defining valid
Hoare triples.
4.	Conclusions and Future
Learning
Scientist and mathematician across the globe have
already experienced real power of formal specification
and verification. Formal methods are promising field in
computer science and engineering. Recent advancement
in mathematical theorem proving, model checking,
temporal logic, I/O automata has resulted more robust
software verification. But still Future work needs to
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be
•
•
•
•
•
•

done in several areas
Composition
Combinations of mathematical theories
Data structure and algorithms
Decomposition
Abstraction
Reusable models and theories.

fu"d"kZ
nqfu;k Hkj ds oSKfudkas vkSj xf.krKksa us igys gh
vkSipkfjd fofunsZ”k vkSj lR;kiu dh okLrkofd “kfDr dk
vuqHko fd;k gSA vkSipkfjd rjhds daEiwVj foKku vkSj
bathfu;fjax {ks= essa fo”oluh; dk;Z dj jgs gSA xf.kr izesa;
lkfcr djuk] ekWMy tk¡p] ykSfdd rdZ vkSj buiqV@vkÅViqV
dh gky esa gqbZ “kks/k ls lkWQVos;j lR;kiu us vkSj vf/kd
izHkkoh ifj.kke fn, gSA ysfdu vHkh Hkh Hkfo’; esa dbZ {ks=ksa esa
dke fd;k tkuk “ks’k gSA
• jpuk
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•
•
•
•
•

xf.krh; fl)karks ds ;qXe
MsV lajpuk vkSj ,Yxksfjne
vi?kVu
vewrZ
iqu% iz;ksT; ekWMy vkSj fl)kar
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lkjka”k
fdlh dk;ZØe ds lQy gksus ds fy, dk;ZØe ds çcU/ku dh vko”;drk gksrh gSaA bl ifj;kstuk dk y{;
d‚yst Lrj ds dk;ZØe dk çcU/ku djuk gS mnkgj.k tSls d‚yst mRloA dk;Z çca/kd ds fy, dk;Z çcU/ku] muds
LFkkuksa] le;] ctV] çfrHkkfx;ksa vkfn dk çcU/ku ,d eqf”dy dk;Z gSA dk;ZØe çcU/kd dks çfrHkkfx;ksa] vkxarqdksa
tks fd dk;ZØe esa Hkkx ys jgs gSa muds çcU/ku dk dk;Z Hkh djuk gSaA çcU/ku dks dk;ZØe çcU/ku ifj;kstuk
dh vko”;drk gksrh gSa tks dk;Z çcU/k djus esa dk;ZØe çcU/kd dh enn djrk gSaA ;g ifj;kstuk ç”kkldksa dks
vdkÅV¡ çnku djrh gSa tks fd ikloMZ ls lqjf{kr gSa] ;s mUgsa dk;ZØe ds çcU/ku esa] MkVkcsl dks ns[kus vkSj
cnyko djus esa vktknh çnku djrs gSaA ;g çfrHkkfx;ksa dks lqjf{kr vdkÅaV çnku djrk gSa ftlls os fofHkUu
çdkj ds dk;ZØe dks ns[k ldrs gS vkSj mlesa iathdj.k djk ldrs gSaA vkxarqd dk;ZØeksa dks ns[k ldrs gSa vkSj
mlesa iathdj.k djk ldrs gSaA usVchUl vkSj ekbZLdw;y MkVkcsl uked IysVQkeZ dk bLrseky fd;k x;k gSa tks
MkVkcsl fjdkMZ dks cuk, j[krs gSaA
Abstract
For an event to be successful event management is required. This project aims for management of a
program at college level example college fest. It is a difficult affaire to manage events their venues, timing,
budget, participants etc for the event manager. Event manager also has task of managing participants,
visitors taking part in the event. Management of such a program requires an event management project
which can provide ease to event manger to manage the program. This project provides account for
administrators, secured with passwords, which gives them liberty to manage the event, view the database
and make changes. It also provides secure account to participants where they can view different type
of events and register. Visitors can view events and register in them. Platform used is NetBeans and
MySQL database is used to maintain the records.
Keywords: High performance, event management system, java, user friendly interface, college fest
management

1.

Introduction
An event is something that happens, not just
exits, somebody has to make it happen. Management
characterizes the process of and personnel leading and
directing all or part of an organization. Event management
which is an application of project management is a way
through which events are organized by an organization.
Objectives of event are taken into consideration and
accordingly roles and responsibilities are assigned,
event handling procedures are followed [6] . Event
manager is who plans and executes the events. The
project is based on college fest management .In a
college fest there are administrators or event manager
who look after management of project, participants
who participate in the events organized in the fest
and visitors for other colleges who take part in fest.

Administrators have privileges to change, modify or
delete the events, view details of participants and
visitors. Participants have their separate accounts. In
their account there are details of events, registration
in an event. Visitors view list of events and can
register in an event. Project provides different accounts
to administrators, participant and visitors. Accounts
of administrator and participants and secured with
password. Software implementation is first stage and
hardware implementation is second stage. Our design
is delivering high performance [3] because there is no
significant delay in receiving input and there is no
major delay in delivering output and we are also using
efficient coding practices [5] in our high performance
event management system. In later stages, we can
make hardware chip for our design using Verilog

managing information technology

and taken consideration of Low Voltage Electronics
[4]
and before fabrication of chip we can use Field
Programmable Gate Array (FPGA) to test it.

2.	METHODOLOGY USED
Java version 7.2.1 has been used to design and
develop this project. Java was developed at Sun
Microsystems by a team headed by James Gosling.
In 1995 first version JDK 1.0 was released. Major
release in JDK includes version 1.0, 1.1, 1.2, 1.3,
1.4, 1.5, 1.6, 1.7 and latest version JDK 8 which was
released on March 18, 2014. Various features of java
are simple, object oriented, portable, multithreaded,
robust, etc [8]. Java is a high-level language. Other
high-level languages are C, C++ etc. While in other
languages code is compiled into executable code in
java code is complied and interpreted both. Java
compiler converts code into byte code. Byte code is
easy and fast to interpret and is portable. It can be
compiled on one machine and interpret it on other.
Java provides features like platform independence,
portability, security, etc., which makes it unusual than
the other high-level languages.
3.

PURPOSE OF PROJECT
Events in college such as fest are organized
every year. Fest promotes the hidden talent and aim
to exhibit it. Series of events are conducted to test
logical ability, creativity, spontaneity and knowledge
of participating students [7]. Aim of this project is to
design and develop event management system which
will help to manage such a program.
IMPLEMENTATION
Java application is created in NetBeans platform.
In the new project JFrame form are designed in the
design view using palette. As shown in Fig. 1 palette
provides an easy and efficient way to design the
form as it saves developer time. Coding is done in
the source view.
The NetBeans editor provides code templates,
tips and refactoring tools. NetBeans also provides
features as line indentation, matches word and
brackets also highlights source code syntactically and
semantically [8]. Main page provides different options
for administrator, participant and visitor. Administrator
as event manager has maximum privileges. As shown in
Fig. 2 administrator account is secured with password
and provides authority to make suitable changes in
the event. Administrator can add a new event, delete
existing event, or make changes in an existing event.
Participant account has less privilege than administrator.
Account is secured with password and gives option
to view event details, participate in an event. Visitor
account has least privileges, registering in an event

Figure 1. Palette containing options to create form.

4.
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Figure 2. Login page.

and view events. MySQL is used to create database.
Tables in MySQL are created through option provided
in object browser. As shown in Fig. 3 object browser
leads to another window where user can create table
by filling the Create Table pane. Data type, precision,
scale, Not Null constraints can be chosen accordingly.
By following series of steps primary key, foreign key
and constraints are chosen. By clicking create option
table is created.
As shown in Fig. 4 Project table is created and
has various editing options which are used to edit
table. Data options shows the entries present in table.
Connection is set up between MySQL databases from
NetBeans IDE. Once connected information is added,
updated and deleted from the forms example as used
in various forms to add new event, change existing
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Figure 3. Create table window.

Figure 4. New table created.

event, delete an existing event etc. Information can
also retrieved from tables as used in change existing
event form, where user enters event name and type
of event and rest of the information is retrieved from
MySQL database. Project is compiled and executed
with valid and invalid data and executes successfully.
Validation checks introduced have greatly reduced
the error hence entries in database is nearly accurate.
The constrains are met and overcome successfully.
The system is designed as described in purpose of
the project.

5.	CONCLUSIONs
The project provides facility for management
for fest in university. It provides facility for event
manager to easy manage, update, and add new events,
participants. Provides facility for registering the students
and visitors in fest. Additional modules can be added
when necessary. The software is tested with valid data
and invalid data and everything work successfully. Thus
this project has fulfilled all the objectives mentioned.
In future this project can be used on a large scale
instead of small scale like college level. Accuracy and
non-redundant data are the main advantages. Data entry
errors can be minimized through validity checks.

;g ifj;kstuk fo’ofo|ky; esa gksus okys mRlo ds çca/ku
dh lqfo/kk çnku djrk gSA ;g ifj;kstuk çcU/kdksa dks dk;ZØe
ds vklku çca/ku] v|ru vkSj u, dk;ZØe ,oa çfrHkkfx;ksa
dks tksM+us dh lqfo/kk çnku djrk gSaA ;g ifj;kstuk mRlo esa
Nk=ksa vkSj vkxarqdksa ds iathdj.k ds fy, lqfo/kk çnku djrk
gSA vfrfjä e‚Mîwy vko”;drk gksus ij tksM+k tk ldrk gSA
l‚¶Vos;j dks ekU; MsVk vkSj vekU; MsVk ds lkFk ijh{k.k fd;k
tkrk gS vkSj lc dk;Z lQyrkiwoZd gks tkrk gSaA bl çdkj
;g ifj;kstuk lHkh mYysf[kr mís”;ksa dks iwjk djrh gSaA Hkfo’;
esa bl ifj;kstuk dks d‚yst Lrj ds ,d NksVs Lrj dh ctk,
cMs Lrj ij vk;ksftr fd;k tk ldrk gSa lVhdrk vkSj xSj
vuko”;d MsVk eq[; ykHk gSaA MsVk çfof’V =qfV;ksa dks oS/krk
tk¡p ds ek/;e ls de fd;k tk ldrk gSA
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lkjka”k
lkW¶Vos;j ijh{k.k thoupØ dqN ugha gSa ;s dsoy lk¶Vos;j ifj;kstuk ds thou pØ ds nkSjku ijh{k.k
bathfu;j }kjk dh tkuh okyh fofHkUu xfrfof/k;k¡ gSaA l‚¶Vos;j ijh{k.k thou pØ ijh{k.k ds nkSjku gksus okyh
pj.kc) xfrfof/k;k¡ gSaA l‚¶Vos;j VsfLVax mRikn dh xq.koÙkk esa lq/kkj djrk gSaA ;g l‚¶Vos;j dh mRikndrk
c<+krk gSa vkSj l‚¶Vos;j dh ykxr dks de djrk gSaA ijh{k.k dsoy VsLV ds”kksa dk fu’iknu djuk gh ugha gS
ijUrq ;g lk¶Vos;j ds laEcfU/kr laiw.kZ nLrkostksa dks i<+dj mldsa nks’kksa dh igpku djuk gSaA lk¶Vos;j ijh{k.k
l‚¶Vos;j fodkl thou pØ dk ,d egRoiw.kZ pj.k gSA ijh{k.k nks’kksa dks <w<+us ds fy, fd;k tkrk gS vkSj bu
nks”kksa dks Bhd djus ls mRikn dh xq.koÙkk c<+kbZ tkrh gSaA
Abstract
Software Testing life cycle is nothing but the activities done by test engineers during project life
cycle. Software Testing Life Cycle defines the steps by steps activities in testing. Software Testing
improves the quality of the product. It also increase productivity of software and reduces the cost of the
software. Testing is not to execute the test cases but also by reading the document of the product the test
engineer can identify the defects. Testing is an important phase of Software development life cycle.
Keywords: Defect, priority, severity, defect tracking tool, stress testing, performance testing

1.

Introduction
Following steps are involved in the software
testing life cycle (Fig. 1)
Step 1: Test engineer to prepare the quality test
plan and test plan is a planning document which
contains following information•
Release milestones/dates.
•
Resource allocation.
•
Risk
•
Test deliverables
•
Stop criteria
Step 2: Study the FRS document of the project.
Step 3:Prepare the test strategy document. Send this
document to all technically sound people for reviews.
Document contains the following information: •
Overview of feature.
•
Test environment set up.
•
Not in scope of testing.
•
Test case techniques.
•
Which test methodology we are using?
Step 4: Prepare test specification document on
the basis of FRS document. This document is in
tabular format for testing purpose. After completing

the document send this document to all technically
sound people for their reviews.
Step 5: Once the product build is given to test team,
test engineer executes the test cases.
Step 6: During the execution, if enter the any defect
then is found defect in to defect tracking tool.
Step 7: Test engineer to in retest and regression
testing.
Step 8: Test engineer to prepare the test report.

1.1	When to Start Testing?
Software testing is involved in early part of the
project development. Once the FRS document is ready,
the functional test team is involved in following
activities:•
Reviewing the document and giving the defects.
•
Prepare test strategy document.
•
Prepare test cases.
1.2	When to Stop Testing?
Testing of features stopped if the following criteria
is met.
A.	More than 95% test cases are in “Passed “state.
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Quality test

FRS Study

Prepare test strategy document
Review and Approval
Preparation of test specification document

Review and approval
Test case execution

Enter the defect in defect tracking tool

Retest and Regression testing

Generating test report
Figure 1. Different activities in testing process.

B. There should not be any high severe defects available
in defect tracking tool in “open” state.

2.	Testing Types
Testing of software product can be done both
using automation and manual testing methods.
1. Manual Testing- Testing of the Software product
manually means that we are not using any automated
tool or any script. In this type tester take over
the role of an end user and tests the software to
identify any unexpected behaviour or bug 2.
2. Automation Testing- In this method, we use the
automation tools to run test script that repeats the
predefined steps. Automation Testing is used to
re-run the test scenarios/scripts that were performed
manually and repeatedly 2.
3.

Levels of Testing
Following are the main levels of Software
Testing:
•
Functional Testing.
•
Non-functional Testing.
1 Functional Testing- Testing is done by an analysis of
the specification of the functionality of a software
or product. All the module of all feature are
integrated and given as a product to functionality

team to test the functionality of product as per
FRS. It involves the following:
A. Unit testing- Testing is done by developer by
testing his own developed code. A unit is the
smallest test able part of software. It usually has
one or a few inputs and usually a single output.
In procedural programming a unit may be an
individual program, function, procedure, etc [3].
B. Integration Testing- Integrating the modules of
one feature this testing is done 3.
Two approaches are there
•
Top to Down- Top Down is an approach to
Integration Testing where top level units are tested
first and lower level units are tested step by step
after that. This approach is taken when top down
development approach is followed.
•
Bottom to UP- Bottom Up is an approach to
Integration Testing where bottom level units are
tested first and upper level units step by step
after that.
C. Re Testing- If a defect which is previously raised
and solved properly is called re-testing.
D. Regression Testing- The main aim of regression
testing is to find the side effect (in the passed
test case) introduced because of code change.
Code change in the scence is due to following
•
Either due to bug fixing.
•
Due to addition of any new feature.
E. Acceptance Testing- If the testing done by client/
customer before accepting the product. This testing
can be done by own testing team of client which
is called alpha testing.
If acceptance is done by 3rd party organization
then it is called beta testing.
2. Non Functional Testing- Non-functionality testing
is done to check the stability and robustness of the
product. Here we look for hang or crash kind of
issues and try different test methods likes:-Stress
testing, Load testing, Performance testing

4.	TESTING METHODOLOGIES AND
TYPES
Two testing methodologies and types considered
are:
1. Black box testing
2. White box testing
4.1	Black Box Testing
In this technique, user is not aware of internal
knowledge of application. The tester is oblivious to
the system architecture and does not have access to
source the code.
Black box testing technique 51. Equivalence partitioning- A The equivalence
partitioning technique in which test cases are
259
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2.
3.

4.

5.

designed to executed representative from equivalence
partitioning . We need to test only one condition
from each partition.
Boundary value analysis-This technique is used
for range given in a requirement
Decision table testing- A technique in which test
cases are used to execute the combination of
input and stimuli (causes) has shown in decision
table.
State transition testing- Here our aim is to find
more defects by involving different states. In
which test cases are designed to execute valid
and invalid state transition.
Use case testing- A techniques in which test cases
are designed to execute user scenario.

4.2	White Box Testing
In this technique user is not aware of internal
knowledge of application.White box testing is the
detailed investigation of internal logic and structure
of the code.
White Box Techniques 5
1. Statement Coverage – Execute all statements at
least once
Example: - Read A
			
Read B
		
If A>B then C=0
ENDIF
2. Decision Coverage-100 % decision coverage implies
100 % statement coverage.
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5.	Conclusion
Testing can ensure that defects are present, but
cannot ensure that there is no defect or bug. Testing
reduces the probability of unidentified defects remaining
in the product but, if there is no defect that does not
mean our software is correct. Testing is identified
the defect and eliminating that defect in software
product.

fu"d"kZ
ijh{k.k lqfuf”pr dj ldrs gSa fd nks’k ekStwn gSa ysfdu
;g lqfuf”pr ugha dj ldrs fd dksbZ nks”k ;k cx ekStwn ugha
gSaA ijh{k.k mRikn esa cps gq, vKkr nks”kksa dh laHkkouk dks de
dj nsrk gS ijUrq ;fn dksbZ nks’k ugha feyrk rks bldk eryc
;g ugha gSa fd gekjk l‚¶Vos;j lgh gSA ijh{k.k lk¶Vos;j esa
nks’kksa dh igpku djrk gS vkSj lk¶Vos;j mRikn esa bu nks’kksa
dks gVkrk gSA
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lkjka”k
de fctyh dh xgjh lcekbØksu çkS|ksfxdh ds {ks= esa ikjxeu xfrfof/k ÅtkZ viO;; ds fy, çeq[k dkjd
gSA ÅtkZ viO;; dks MsVk clksa ij gksus okyh ikjxeu xfrfof/k dks de djds vkSj MsVk dksfMax rduhd ds mfpr
dk;kZUo;u }kjk çkIr fd;k tk ldrk gSaA MsVk çs’k.k dh xfr eq[; :i ls MkVk clksa ij çsf’kr fcV~l dh la[;k
ij fuHkZj djrk gSA tc MkVk çs’k.k dh T;knk ek=k dk lapkyu djuk gksrk gSa rc fo”kky HkaMkj.k LFkku ¼LVksjst
Lisl½ dh vko”;drk lwpuk ds çlaLdj.k] Hk.Mkj.k vkSj çs’k.k ds fy, gksrh gSaA ;g ,udksMj dEI;wVs”kuy tfVyrk]
nsjh vkSj {ks= esa o`f) djrk gSa tks Lopkfyr :i ls lfdZV esa ÅtkZ ds viO;; esa o`f) djrs gSaA ,udksMj
tfVyrk dks de djus ds fy, MsVk dks ,d d‚EiSDV :i esa çnf”kZr fd;k tk ldrk gSaA blfy, bl vkys[k esa
,UdksfMax djus ls igys] MsVk dks ljy ckbV laihM+u rduhd ¼lhEiy ckbV dEçs”ku rduhd½ ls ladqfpr fd;k
x;k gS vkSj fQj bls ckbujh dksMu rduhd }kjk dksfMr fd;k x;k gSA nksuksa rduhdksa ls ikjxeu xfrfof/k dks
59-3 %] ladqpu ¼daçs”ku½ vuqikr dks 1-987 rd csgrj fd;k x;k gSaA var esa ÅtkZ dh [kir dks 66-6 % ek=k
dks cpk;k x;k gSaA
Abstract
In low power deep submicron technology the transition activity is the major factor for energy
dissipation. Energy dissipation can be reduced by minimizing the transition activity on data buses and
can be achieved by proper implementation of data coding techniques. Speed of data transmission mainly
depends on the number of bits transmitted through buses. When handling large data transmission, huge
storage space is required especially for processing, storing or transferring information. This will increase
the encoder computational complexity, delay and area, which will automatically increase power dissipation
of the circuit. To reduce encoder complexity the data’s can be represented in a compact form. So in this
paper before encoding, the data has been compressed by simple byte compression technique and then
it is coded by binary coding technique. Both techniques will improve transition activity up to 59.3%,
compression ratio up to1.987. Finally the overall energy is saved up to 66.6 %.
Keywords: Transition activity, data compression, octo coding, energy dissipation, self transition and
coupling transition

1.

Introduction
Deep submicron technology allows billions of
transistors on a single chip. According to semiconductor
industry association (SIA) the number of transistor per
chip and the local frequencies for high performance
devices will continue to grow exponentially in near
future. With ever growing length of interconnect and
on chip clock frequency will increase the delay, area
and transition activity on data bus, which will degrade
the performance of the device. Nowadays power is
the primary concern for any kind of application or

system. Power dissipation has been considered as
one of the very critical issue in the performance
of the high speed VLSI circuits. Power dissipation
can be reduced by minimizing the transition activity
on interconnects [16].While transmission, due to large
number of data, increases storage space and transition
activity on data buses. Signal encoding techniques
have been proposed to reduce the transition activity.
Simple byte compression algorithm is our proposed
compression technique. Compression generally increase
bit toggling [11]. So Octo coding method is used to
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reduce the bit toggling effect during data compression.
Since both compression and data coding effectively
reduce the delay, area and power dissipation.
Compression techniques consist of two basic
components such as an encoding (Compression) and
decoding (Decompression) process. The encoding
algorithm that takes input data (K) and generates
compressed data C(K) which is less number of bits
compare to input data ‘K’ and a decoding algorithm that
reconstructs the original data ‘K1’ from the compressed
data C(K) are shown in Figure 1. Both compression and
decompression together called compression technique
or algorithm.
Original
Message
Original
K
Compressed Decompression Reconstructed output
Compression
input data
data C(K)
data (K)
K-1
K

Based on the requirement of data compression it
is broadly classified in to lossy compression scheme
and lossless compression scheme. Lossy compression
algorithm can only reconstruct an approximation of
the original message that is not an exact replica of
input data. It is applied to images and sound where a
least bit of loss in resolution is usually undetectable
or acceptable level. Lossless algorithm, which can
reconstruct the original message accurately, that is
exact replica of original input data. It is typically used
in text data, scientific data such as medical, industrial
application and also in military application.

2.	BUS ENERGY MODEL
The DSM model of data bus coding uses simple
electrical model [13] in which lines are replaced by
parasitic resistors and capacitors are shown in Figure 1.
Here, CS and Cc are the self and coupling capacitances,
R represents the on-off resistance, Vni and Vnf denote
the initial and final voltages in the nth interconnect
[15]
. Let V 1i , V 2i, ----V ni are initial voltages of n bit
data bus wire and V 1f, V 2f , ----Vnf are final voltages
of n bit data bus wire. Here V 1i ---V ni and V 1f ----V nf
can be either VDD or gnd potential. The approximate
energy expression for the self and coupling transitions
considering n- bit data bus can be expressed as [13].




Figure 2. Deep submicron model of N bit data bus.

The dynamic power dissipation has two components
in a complex design. The internal node power and the
capacitive load power. The internal node power consists
of the power dissipated by the internal capacitive nodes.
Sometimes the internal short circuit power is added
to the internal node dynamic power. So the dynamic
power cannot be estimated by the simple expression
CLV DD2f. because it might not always switch when the
clock is switching. The Transition activity determines
how often this transition occurs on a capacitive node.
For N periods of 0 – V DD and VDD – 0 transitions
the transition activity E determines how many 0-V DD2
transition occur at the output. In other words the
activity E represents the probability 2 that a transition
0 – V DD will occur during the period T= 1/f. The
average dynamic power of a complex design due to
the output load capacitance is given by
P D = E C L V DD2f
The internal power dissipation, due to internal
nodes, the internal dynamic power of a cell is given
by;
It is defined as due to charging and discharging
the data changed from 1 to 0 or from 0 to 1 vice
versa between adjacent bus wires or on the same bus
wire. Based on it is classified in to self Transition
and coupling Transition.
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Nowadays data compression is a very essential tool
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work deals with coding for text data compression, some
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of them are discussed here. Arithmetic coding for data
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compression is an accessible implementation of text
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data and detailing of its performance characteristics
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are analyzed [9] . A.Wolfe and A.Chanin have been

Finally the percentage of energy saved due to
executing compressed programs on an embedded
 reduction of transitions is calculated by
ா
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RISC architectur.in their approach, a system with code
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compression incorporates an instruction cache which
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holds uncompressed code and a main memory which
holds compressed code. Huffman codes have been used
to encode an instruction cache [10]. A comparative study
of text compression algorithm survey of different basic
lossless data compression algorithm using statistical
compression techniques and dictionary based compression
techniques were performed on text data [5]. In reduction
of bus transition for compressed code systems arithmetic
coding technique is used for compression, decompression
and bit toggling reduction is done by shift invert
coding technique [11]. Division free adaptive arithmetic
coding method to achieve better compression results
for various types of source data [8] An encoding scheme
known as Bus invert (BI) coding is used for encoding
purpose and include a redundant bit along with bit
line. This scheme is simple and effectively reduces the
switching activity [1]. Similar to this encoding scheme,
Partial bus invert (PBI) [12] is also analyzed. In low
power bus coding techniques considering inter wire
capacitances an additional bus line is added to creates
transition matrix for selecting codeword patterns such
that neighboring bus line changes value in the same
direction. Thus coupling transition and inter wire
energy is reduced [13]. An encoding scheme odd/even
bus invert code the authors considered the numbered
bus line and also coupling capacitances will charge
and discharge by the activity of the neighbors. One
line will be odd and the other neighbor line will be
even. The coupling activity can be minimized by
controlling the odd and even transitions separately [14].
Naveen K. Samala et al have implemented a novel
deep submicron bus coding for low Energy. Odd and
even positions of data are inverted using Bus invert
coding method to reduce the coupling transition [4]. An
adaptive address bus coding for low power deep sub
micron designs the authors proposes Adaptive cross
connection encoding scheme is used to reduce the
coupling transition activity on address buses [2].

4.	PROPOSED METHOD
The reason data compression is needed is that
most of the information that are generated and used in
digital form is in the form of numbers and represented
by bytes of data. If the application is multimedia, the
number of byte required to represent the data can be
very large. This huge number of data is coded and
transmitted as it is, we face encoder and decoder
complexity. This will increase Transition activity,
area, and delay and power dissipation. To overcome
these effects a simple byte compression algorithm with
Octo coding Technique has been implemented. Simple
byte compression algorithm is originally implemented
for text message and bulk data transmission. This
algorithm compresses the 8 byte of information in to
5 byte information. Figure 3 shows block diagram of

Encoder for proposed method. It consists of binary
converter, byte compression algorithm, Octo coding
technique and Transition estimator.
Input
Message
(Text)

Text to
binary
conversion

Text
Compression
Algorithm

Octo
Coding
Method

Transition
Estimator

Figure 3. Block diagram of encoder for proposed method.

4.1	Text Compression Technique
Here input text file is converted in to binary
form, then binary information is compressed using
simple text compression algorithm. The following
steps will explain how the compression is achieved
effectively.
Step 1: Read the input Text
Step 2: Assign frequency(decimal) value to the
corresponding text characters.
Step 3: Convert decimal in to 8 bit binary form then
assign 8 bit binary value to corresponding character.
So this needs 8 bytes for storing 8 characters.
Then remove some of the bits in each byte of
data from the position of 3rd bit starting from left
side onwards and isolate 5 least significant bits in
each byte of information.
Step 4: Then rearrange the isolated 5 bits properly
in an array of bytes, finally the 8 bytes of information
reduced in to 5 bytes.
Reading the input text file

Convert the text file in a binary
form (each character value in a text
converted in to 8 bit binary code)

Compress binary file using text
compression algorithm

Compressed file
Figure 4. Flow diagram for text compression algorithm.

4.2 Simple Encoding Method
Here input data has been chosen randomly and
coded in eight different ways such as Invert, Swap,
Invert even position, Invert odd position, Rotate
left with invert, Rotate Right with invert, Circular
Left Shift and Circular Right Shift. Here the coding
techniques are grouped as four, each having two
coding methods. Hamming distance d is calculated
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for all the coding techniques. With respect to the
minimum hamming distance, one coding technique is
selected and another discarded in a group. Similarly
the same technique is applied to the remaining three
groups. Here from the eight coding techniques is
reduced to four coding techniques. Again based on the
minimum hamming distance, we chose one from the
four coding techniques and the finally selected data
will be transmitted to the decoder with three control
bits for easy recovery.
Input
data

Octo
Coding

Transition
Estimator

Comparator

Sp

Size before compression-Size after
compression
Size before compression

%

Table 1. Analysis of BPC for different compression methods

Encoded
Output

Reference
Data

Table 2. Saving percentage of different compression
techniques

Figure 5. Simple encoding technique.

5.	RESULTS AND DISCUSSIONs
In this section the performance of different
compression techniques like Run length encoding
(RLE), Huffman coding, Arithmetic coding and simple
byte compression (SBC) algorithms are analyzed. To
reduce the bit toggling effect the compressed data’s
then coded by Octo coding method. The results are
analyzed using Xilinx and modelsim. The evaluated
results are tabulated is listed below.
1. Compression Ratio (CR)
It is defined as the ratio of the number of bytes
in the uncompressed representation to the number of
bytes in the compressed representation CR = Size
of uncompressed data / Size of compressed data
CR > 1 indicate Compression and CR < 1 indicate
Expansion

Table 3. Transitions in encoding method

Table 4. Energy saved in different coding technique

K – Input data (Uncompressed data)
KC – Compressed data
Compression ratio (CR) = Bits in K/Bits in Kc
2. Bits per symbol (BPC)
It is defined as the difference between number
of bits used in the compressed text and number of
characters used in the original (input) text

BPC

Number of bits used in the compressed text
Number of characters used in original text

6.

Saving Percentage (SP)
It is also a reasonable measure of compression
performance. The value gives how much percentage
of space occupied by the output data of its original
size.
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Figure 6. Energy saved in different coding method.
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7.	CONCLUSIONs
Many research works have been done in the area of
transition activity reduction using data coding technique.
Most of the work uses only different encoding to
reduce the transition activity and power dissipation.
In the proposed method we introduced simple byte
compression method to compress the data before
encoding. Due to compact representation of input
data the encoder computational complexity and area
is reduced. Then compressed data will be encoded by
Octo coding method to reduce Transition activity. So
here simple byte compression algorithm coupled with
Octo coding technique has been proposed to reduce the
Transition Activity and power dissipation for random text
samples. By the proposed method we could achieve a
compression factor of 62.5 % and compression ratio up
to 1.978. With Octo coding technique the compressed
data are effectively coded in eight different ways
and has improved transition activity up to 59.3 % in
comparison to other existing methods.

fu.d.kZ
dbZ “kks/k dk;Z ikjxeu xfrfof/k dks MsVk dksfMax rduhd
ds mi;ksx ls de djds djds fd, x, gSaA T;knkrj dk;Z
,udksfMax rduhd ls ikjxeu xfrfof/k vkSj ÅtkZ dk viO;;
dks de djus ds fy, fd, x;s gSaA çLrkfor fof/k esa ge ,UdksfMax ls igys MsVk ladqpu djus ds fy, ljy ckbV laihM+u
fof/k dk mi;ksx djrs gSaA buiqV MsVk ds d‚EiSDV çfrfuf/kRo
ds dkj.k ,udksMj dEI;wVs”kuy tfVyrk vkSj {ks= ¼Lisl½ dh
vko”;drk de fd;k tk ldrk gSA fQj ladqfpr MkVk dks
vksdVks dksfMax ds }kjk dksfMax djds ikjxeu xfrfof/k dks de
fd;k x;k gSaA blfy, vksdVks dksfMax vkSj ljy ckbV laihMu
vfHkdYiu ¼vyxksfjne½ dks tksM+dj dj ;k–fPNd ¼jsaMe½ ikB
ds uewus ds fy, ikjxeu xfrfof/k vkSj ÅtkZ dk viO;; dks
de djus dk çLrko fd;k x;k gSA çLrkfor fof/k ls geus
laihMu QSDVj dks 62.5 % vkSj laihMu vuqikr dks 1-978 rd
çkIr fd;k gSaA vksDVks dksfMax rduhd vkSj ladqfpr MsVk dks
çHkkoh <ax ls vkB vyx vyx rjhdksa ls dksfMr dj ldrs
gSa vkSj ikjxeu xfrfof/k dks vU; ekStwnk rjhdksa dh rqyuk esa
59.3 % rd lq/kkjk x;k gSaA
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,Dl vkSj ds;w cSaM ,fIyds'kUl ds fy, flesfVªd V‚xy fLop dk mi;ksx djds cM+s Vîwfuax jsat
okys Mh,eVh,y Qst f'k¶Vj dk fMtkbu
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Switch for X- and Ku-Band Applications
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lkjka”k
vkj,Q ,ebZ,e,l dSisflfVo flaxy&iksVZ&flaxy&Fkzks ¼,lih,lVh½ fLop dh lajpuk vkSj fo'ks"krkvksa dks
bl i= esa çLrqr fd;k x;k gSA ;g fLop fo|qrLFkSfrd çsj.k ra= dk mi;ksx djrk gS tks dksIySuj osoxkbM
¼lhihMCY;w½ ij fØ;kfUor fd;k tkrk gS vkSj lQsZl ekbØkse'khfuax rduhd dk mi;ksx djds cuk;k tkrk gSA
ekih xbZ iqy&bu oksYVst vkSj vuqukn vko`fÙk Øe'k% 30V vkSj 6.09 KHz gSA ekih xbZ çfof"V gkfu 0.09dB
gS vkSj i`Fkdrk X cSaM ds fy, &25 dB ls csgrj gSA bl v/;;u dk mís'; cM+h Vîwfuax jsat okys Mh,eVh,y
Qst f'k¶Vj dks fMtkbu djuk vkSj mldk fo'ys"k.k djuk gSA vr%] mPp /kkfjrk vuqikr ¼5-88½ çkIr gksrk gSA 10
xhxkgVZ~t ij çfof"V gkfu &0.49dB vkSj çfrxeu gkfu&19.91dB ds lkFk 6 ,ebZ,e,l fcztksa okyk fleqysVsM
Qst f'k¶V 95.560 gSA 17 xhxkgVZ~t ij çfof"V gkfu vkSj çfrxeu gkfu Øe'k% &1.10dB vkSj &16.32dB gS
vkSj Qst f'k¶V 177.15o gSA
Abstract
The fabrication and characterization of RF MEMS capacitive single-port-single-throw (SPST)
switch is presented in this paper. The switch employs electrostatic actuation mechanism, implemented
on coplanar waveguide (CPW) and fabricated using surface micromachining technique. The measured
pull-in voltage and resonance frequency are 30V and 6.09 KHz, respectively. The measured insertion
loss is –0.09dB and isolation is better than –25dB for X band. The aim of this study is to design and
analysis of DMTL phase shifter with large tuning range. Thus, high capacitance ratio (5.88) is achieved.
The simulated phase shift with 6 MEMS bridges is 95.56º with insertion loss –0.49dB and return loss
–19.91dB at 10GHz. At 17GHz, insertion and return losses are –1.10dB and –16.32dB, respectively,
with 177.15º phase shift.
Keywords: Micro-electro-mechanical-system, coplanar waveguide, single-port-single-throw switch,
distributed MEMS transmission line phase shifter, radar

1.

Introduction
Recent advancement in radio frequency microelectro-mechanical systems (RF MEMS) has significantly
improved the performance of switches and phase shifters,
which are important for commercial and military
applications such as military radars, millimeter and
microwave communication systems. MEMS capacitive
switch, promises to combine useful properties of
both mechanical and semiconductor switches e.g.
low loss, low DC power consumption, reduced size,
weight and cost 1. RF MEMS single-port-single-throw
(SPST) switches or varactors are fundamental block
of various RF MEMS circuits or sub-systems such

as single-port-double-throw(SPDT), redundancy switch
matrix, DMTL phase shifter in phased array antenna.
The advantage of utilizing MEMS over FET’s or p-i-n
diodes is their low-loss performance 2 . Employing,
RF MEMS capacitive switches in phase shifters can
drastically reduce losses, size, thus can significantly
scale down the area of phased array antenna where
thousands of phase shifters are mounted 3-6.
Depending on application, phase shifter can
be designed as: analog DMTL phase shifter where
continuously variable phase shift is obtained for
example 0 to 360º and built using MEMS varactors.
Other is digital approach which provides a discrete
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set of phase delays and built using MEMS switches.
For example, a 2-bit phase shifter is based on the
90°/180° set of delay networks and can provide
phase shifts of 0°, 90°, 180°, 270°, depending on
the combination of bit used 7-8.

2.	Fabrication Process
The fabrication process of symmetric toggle switch 9,
begins with 250-300µm thick high resistivity (>5kΩcm), p-type<100>single side polished Silicon substrate.
The relative permittivity of substrate is 11.9 and
complete process flow is shown in Fig. 1. Silicon
wafer is preferred for its process compatibility with
semiconductor fabrication techniques. High resistivity
silicon substrate is followed by 1 µm thick thermal
oxide (to reduce cpw/electrical losses and provides
better Q at higher frequencies). Next, the patterning
of actuation electrodes is followed by Poly-Si layer
deposition with n-type dopants. The preceding step is
followed by deposition of PECVD oxide which acts
as a passivation layer. After this, underpass area is
patterned which acts as capacitive area of RF MEMS
switch. Further dielectric is deposited; 0.1µm of PECVD
oxide (SiO2). Sacrificial layer (3µm) is patterned
for metallic structures such as fixed-fixed beam,
cantilevers and other structures. Afterward, sacrificial
layer is covered with seed layer (Cr/Au≈10/30nm).
The subsequent lithography defines the mould of (+)
ve PR for electroplating. CPW and bridge, both are
incorporated in same mask to reduce mask levels.
Finally mould was removed in acetone, Au/Cr seed
layer is etched out in selective Au and Cr etchants.
Later sacrificial layer of hard photoresist is removed
in mild piranha, further released in CPD tool.

Figure 1. Process flow of RF MEMS capacitive switch.

Switch (SPST) Characterization
The capacitive RF MEMS switch is a fundamental
block of DMTL phase shifter. The single-port-singlethrow (SPST) is developed on CPW transmission line

electrode) is better than -25dB in X band as shown
in Fig. 3. The measured pull-in voltage is 30V and
resonance frequency is 6.09 KHz.

Figure 2. SEM micrograph of fabricated RF MEMS capacitive
switch.

Figure 3. 	Measured S-parameters of SPST: (a) & (b) insertion
and return loss in on state, respectively; (c) & (d)
isolation and return loss in off state, respectively.

4.	Design Of Phase shifter
The DMTL phase shifter consists of a high impedance
(>50Ω) CPW transmission line and loaded periodically
with MEMS bridges (work as variable capacitor).
The differential phase shift, ∇φ , ∇φ in degree per
meter is given by:

3.

with characteristic impedance 53Ω, where (W + 2G )
is 240 µm, on high resistivity silicon (>5kΩ-cm)
wafer. The overlap capacitive area is 190x110 µm 2.
The SEM micrograph of silicon dioxide based RF
MEMS capacitive switch is shown in Fig. 2. The
measured insertion loss is -0.09dB in on state (no bias
is applied) and isolation in off state (Vp at pull-in

(1)
where

f , is the operating frequency. eeff is the effective

dielectric constant of unloaded line. Z 0 is the unloaded
line characteristic impedance Z l1 and Z l 2 are the loaded
line impedances at two variable gaps and given by:
(2)
where Lu and C u are the inductance and capacitance
per unit length of the unloaded CPW, respectively 10267
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Figure 5. Analog DMTL phase shifter using six symmetric
toggle switches.
Figure 4. 	Measured resonance frequency is 6.09 KHz using
laser doppler vibrometer (LDV).

CMEMS is capacitance at two variable states and ,
is the periodic spacing between the MEMS bridges.
The variation in distributed capacitance ( C MEMS ) of
the MEMS bridge results in change in phase velocity,
11

vl ,

of the electromagnetic wave on the loaded CPW,
as given by relation:
(3)
The periodic structure has an upper frequency
limit due to the Bragg reflection
		

(4)
(5)

where, f Bragg , is the Bragg frequency at which the
characteristic impedance of loaded line goes to zero,
indicating no power transfer. εeffl , is the effective
dielectric constant of the loaded line.
The DMTL phase shifter is optimized with unloaded
line impedance of 70Ω on silicon substrate (effective
dielectric constant of 5.98) using Ansoft-HFSS 15 as
shown in Fig. 5. On applying a voltage at pull-out
electrodes and pull-in electrodes as shown in Fig. 2,
large tuning range can be achieved in two variable
gaps by symmetric toggle switch and thus resulting
a maximum capacitance ratio (Cr) of 5.88 (with-in
the pull-in limits).
Fig. 6 shows the simulated data for insertion loss
(S21) and return loss (S11) in up state (bias voltage at
pull-out electrode) and in down state (V<Vp(30V) at
pull-in electrode). It is seen from the return loss that
the S11 in down state has more closely spaced nulls
which indicates that the line is electrically longer than
up state. Since the physical length of the DMTL is
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Figure 6. (a) Simulated insertion loss; (b) return loss of
analog phase shifter with 6 unit cells.

not changed from (3), increasing, the phase velocity
decreases; keeping all parameters constant, as expected.
According to Eqn (2), the upstate characteristic impedance
is 60.70 Ω and in down state 40.85 Ω. However,
the loaded line impedances (Z lu = 53.72 Ω and Z ld =
46.53 Ω) are determined from the first peak in S 11 at
4 GHz from Eqns (6) and (7). At this frequency, the
loaded line is acting as a quarter-wave transformer.
The smaller variation in loaded line impedance is
due to an effect of the feed line at either end of the
DMTL which add a small inductance at either end of
the loaded line.
1 + S1
Z lu = Z 0
1 − S1
(6)

Z ld = Z 0

1 − S1
1 + S1

(7)

where Z 0 , Z lu and Z ld are unloaded and loaded(in
two states) line impedances, respectively.
As seen from the Fig. 7, phase shift ( ∇φ ) increases
linearly with frequency as expected for a TTD type
phase shifter having Cr = 5.8 . There is deviation from
the linearity at approximately 22GHz which is a result
of approaching the Bragg frequency (calculated Bragg
frequency is 28 GHz). The maximum simulated phase
shift for 6 MEMS bridges is 95.56º with insertion loss
-0.49 dB and return loss -19.91 dB at 10 GHz. At
17 GHz, insertion and return losses are -1.10 dB and
-16.32 dB, respectively, with 177.15º phase shift.
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Figure 7. Simulated phase shift of analog phase shifter with 6
unit cells.

5.	CONCLUSION
RF MEMS capacitive switch is fabricated and
characterized. The measured pull-in and resonance
frequency is 30V and 6.09 KHz, respectively. Insertion
loss is -0.09 dB in on state and isolation is better
than -25 dB in X band. The DMTL phase shifter is
designed for X and Ku band with large tuning range.
The maximum simulated phase shift for 6 MEMS bridges
is 95.56º with insertion loss -0.49 dB and return loss
-19.91 dB at 10GHz. At 17 GHz, insertion and return
losses are -1.10dB and -16.32 dB, respectively, with
177.15º phase shift.
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fu’d’kZ
vkj,Q ,ebZ,e,l dSisflfVo fLop dk fuekZ.k fd;k tkrk
gS vkSj muesa fo'ks"krk,a Mkyh tkrh gSA ekih xbZ iqy&bu vkSj
vuqukn vko`fÙk Øe'k% 30 V vkSj 6-09 KHz gksrh gSA ewy fLFkfr
esa çfof"V gkfu 0-09 dB gksrh gS vkSj i`Fkdrk X cSaM esa &25 dB
ls csgrj gksrh gSA cM+h Vîwfuax jsat ds lkFk ,Dl vkSj ds;w cSaM
ds fy, Mh,eVh,y Qst f'k¶Vj dks fMtkbu fd;k tkrk gSA
vr% mPp /kkfjrk vuqikr ¼5-88½ çkIr gksrk gSA 10 xhxkgVZ~t
ij çfof"V gkfu &0-49dB vkSj çfrxeu gkfu&19-91 dB ds
lkFk 6 ,ebZ,e,l fcztksa ds laca/k esa vf/kdre fleqysVsM Qst
f'k¶V 95-560 gksrk gSA 17 xhxkgVZ~t ij çfof"V gkfu vkSj
çfrxeu gkfu Øe'k% &1-10dB vkSj &16-32dB gksrh gSa vkSj
Qst f'k¶V 177-150 gksrk gSA
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ohMhvkj ds lkFk çksiks'kZuy baVhxzy MsfjosfVo daVªksyj dk dk;Zfu"iknu fo'ys"k.k
On the Performance Analysis of PID Controller with VDR
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lkjka”k
;g i= ohMhvkj ¼oSfj,cy MSfEiax jsf'k;ks½ ds lkFk çksiks'kZuy baVhxzy MsfjosfVo ¼ihvkbZMh½ daVªksyj dk
dk;Zfu"iknu fo'ys"k.k çLrqr djrk gSA ;s uohu i)fr;ka viuh ljyrk] lq–<+rk vkSj lQy O;kogkfjd vuqç;ksxksa
ds dkj.k cgqr mi;ksxh gSaA ihvkbZMh daVªksyj m|ksxksa esa lokZf/kd yksdfç; vkSj O;kid :i ls mi;ksx fd;k tkus
okyk daVªksyj gSA dbZ çksiks'kZuy baVhxzy MsfjosfVo fMtkbu i)fr;ka çLrkfor dh xbZ gS] çR;sd ds vius xq.k vkSj
voxq.k gSaA fdarq] çksiks'kZuy baVhxzy MsfjosfVo daVªksyjksa ds fy, mi;qä ekunaMksa dk irk yxkuk vc Hkh vklku
dk;Z ugha gSA bl i= esa] ohMhvkj ¼oSfj,cy MSfEiax jsf'k;ks½ okys çksiks'kZuy baVhxzy MsfjosfVo dks daVªksyj ds
fu"iknu esa lq/kkj djus ds fy, fodflr fd;k x;k gSA bl i)fr dk mi;ksx djus ls] tkbxyj fudksyl }kjk
çLrkfor i)fr dh rqyuk esa lsVfyax le; esa 60% dh cpr gksrh gS vkSj lyse }kjk çLrkfor rduhd dh rqyuk
esa lsVfyax le; esa 84-6% dh cpr gksrh gSA gekjh i)fr vf/kdre vksoj'kwV ls Lora= gS tks ,d fof'k"V ykHkçn
fLFkfr gS tks ç.kkyh ds dk;Zfu"iknu dks c<+krh gSA ;g daVªksyj ml ç.kkyh ds vk/kkj ij fMtkbu fd;k x;k
gS tks eSVySc otZu 2013 dk mi;ksx djds çkDdfyr fd;k tkrk gSA e‚My çkDdyu ds fy, vkadM+s çk;ksfxd
dk;ksaZ ls fy, tkrs gSa] ohMhvkj okys ihvkbZMh daVªksyj dk fu"iknu ikjaifjd çksiks'kZuy baVhxzy MsfjosfVo daVªksyj
dh rqyuk esa vR;f/kd mUur gqvk gSA
Abstract
This paper presents more on the performance analysis of Proportional Integral Derivative
(PID) controller with VDR (Variable Damping Ratio). This novel methods very useful because of
their simplicity, robustness and successful practical applications. PID controllers are the most popular
and widely used controllers in industries. Many Proportional Integrative Derivative designs method have
been proposed, each has its own merits and demerits.How ever finding appropriate parameters for the
Proportional Integrative Derivative controllers is still not easy. In this paper, Proportional Integrative
Derivative having VDR (Variable DampingRatio) is developed to improve the performance of the
Controller. By using this method there is a 60% saving in settling time as compared to the method
proposed by Ziegler Nicholas and 84.6% saving settling time as compared to technique proposed by
Salem.Our method is independent of maximum over shoot which is distinguishable advantage which
increases the performance of system. The controller is designed based on the system which is estimated
by using MATLAB version 2013. Data for model estimation is taken from an experimental works, the
performance of the PID controller having VDR has improved significantly compare to conventional
PID controller.
Keywords: VDR, PID, MATLAB, damping ratio, controller, settling time

1.

Introduction
The Proportional Integral Derivative (PID)controller
is the most popular and widely used controller in
the industry 1. Because of their simplicity, robustness
and successful practical application that can provide
excellent control performance despite the varied dynamic
characteristics of plant 2.
The term control system design refers to the
process of selecting feedback gains that meet design

specifications in a closed loop controls ystem 3. Most
design method are iterative, combine parameter selection
with analysis, simulation and insight into the dynamics
of plant proposed by A. Mahfouz 2, et. al. recently in
2013. An important compromise for control system design
is to result in acceptable stability, and medium fastness
of response, one definition of acceptable stability is
when the undershoot that follows the over shoot of the
response is small, or barely observable 4. Beside world
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wide known and applied PID design method including
Ziegler-Nichols many PID design methods have been
proposed in different papers and text including Astrom
K, J et. al. in 1994, (Ashish Tewari in 2002,Susmita
das et al in 2012) each method has its advantages and
limitations. 5,6. R. Matousek in 2012 presented multicriterion optimization of PID controller by means of
soft computing optimization method HC 12. In 2001
K. J. Astron et. al introduced an improved PID tuning
approach using traditional Ziegler-Nicholas tuning
method with the help of simulation aspects and new
built in function. 7,8 L Ntogramatzidis et. al. in 2010
proposed a unified approach has been presented that
enablethe parameters of PID, PI and PD controllers
withc orresponding approximations of the derivative
action when needed to be computed in finite terms
given appropriate specifications expressed in terms
of steady-state performance, phase/ gain margins and
gain cross over frequency. M. Saranya et.al. in 2012
proposed an internal Model Control (IMC) tuned
PID controller method for the DC motorfor robust
operation.
This paper presents a performance analysis of PID
having variable damping ratio controller for achieving
acceptable stability, lessrise time, less settlingtime and
zero overshoot, the methodology is based on variable
damping ratio.

2.	PID CONTROLLER
In most of the industrial process control industry the
PID controllers are widely used because of their simple
structure, easy designing method, clear functionality,
easy understanding and robust performance over a wide
range of operating conditions 9-10. It has been known
that PID controller is used in more than 90 per cent
of process control industry. If exact mathematical
model of system to be controlled is not known, PID
controllers are very effective.
PID controller is a control loop feedback structure
(Fig.1). Difference between measured process value
and desired value (set-point) is said to be an 'error'.
It calculates 'error' and tries to minimize this error
by doing appropriate adjustment in the process input.
The PID controller has three different parameters; the
proportional, the integral and derivative.

Figure 1. Block diagram representation of a PID controller.

2.1	Computational Approach
This typeof methodcan be wellsuited if the mathematical
model of the plant is known. Ziegler –Nicholas (ZN)
is known as one of the most popular technique for
performance analysis of the PID Controller. In this method
tuning provide a basis for computational approach. The
second order system with velocity feedback is shown
in Fig. 1. τ is the velocity feedback.Obviously the
systems closed -loop transfer function is described as
Φ(S) = Y(S))/(R(S) = (ω n2)/s 2+(2ξ 0 ̥ ω n+τω n2)s +ω n (1)
where ω n is called the system’s undamped natural
oscillation angle frequency, ξ ̥ is the typical second
order system damping ratio and τ is the velocity
feedback.

Figure 2. System with velocity feedback.

Comparing typical second –order system’s standard
closed-loop transfer function,
we define,
ξ = ξ ̥ + τω n/(2) 2
(2)
as equivalent damping ratio. The parameter ω n
is called the system’s undamped natural oscillation
angle frequency, ξ ̥ is the typical second order system
damping ratio. Table 1 shows the different values of
parameter using the transfer function (1).
The result obtained for different values of damping
ratio’s are shown in Figs. 3-5.

2.1.1 Inferences from Table 1 as follows:
1) Inferences from table that the rise time increases
when ξ_̥ increasesand it is maximum for ξ_̥ =
1.5
Table 1. Different values of parameters
Variable
Damping
Ratio

Rise Time
(sec)

Settling
Time (sec)

Phase
Margin
(rad/sec)

Controller
Parameters
Tuned KP

0.20

1.36

2.47

11.9

9.3

0.40

2.29

4.11

17.1

21.2

0.60

2.6

4.76

19.2

27.5

0.80

2.83

5.07

20.3

27.5

0.75

2.79

4.99

20

30.9

0.85

2.88

5.15

20.5

30.1

0.90

2.92

5.23

20.8

31.8

1.50

3.46

6.19

24.1

32.7
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2)
3)
4)

It is observed that settling time minimum for
variable damping ratio = 0.2
It is also observed that phase margin increases as
variable damping ratio increases so that system
stability increases.
From Table 1, we can easily see our method is
independent of maximum overshoot which is a
distinguishable advantage.

3.

SIMULATION AND RESULT ANALYSIS
In order to test and verify the second order system
adjust PID variable damping ratio control scheme’s
feasibility and the control system’s performance, the
second order system. The velocity feedback coefficient
is τ=1.
The damping ratio change region is [-0.5,+1.5].
The criteria for the optimal closed loop performance
output will be: (a) Rise time (b) Maximum Overshoot
(c) Stability (d) Settling time, and (e) Disturbance
rejection capacity.

Table 2. Comparative table for different parameter
Tuning Method

Rise Time
(Sec)

Maximum
Overshoot

Setting Time
(Sec)

Ziegler Nicholas

<1

60%

5

Salem[9]

12

No

13

Using Damping
Variable Ratio

1

0

2

The Result of this work is compared with two
previous works, Ziegler Nicholas and model based
approach of Salem. It can be well observed that system
response with PID controller tuned with Ziegler Nicholas
method has large overshoot, whereas when tuning with
the method Salem, it has large rise time. PID controller
tuned with damping ratio variable has acceptable rise
time (1sec), has no overshoot and smooth response with
very less setting time. Comparisons for all the three
are given in the table. There is a 60 per cent saving
settling time as compared to Ziegler Nicholasand 84.6
per cent saving settling time as compared to Salem.
This method is independent of maximum overshoot
which is distinguishable advantage that is why the
performance of system increases (Figs. 6&7)

Figure 3. Output for variable damping ratio=0.2.

Figure 6. Comparison in settling time of PID.

Figure 4. Output for variable damping ratio=0.8.

Figure 5. output for variable damping ratio= 1.5.
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Figure 7. Comparison in Rise time of PID.
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4.	RESULT AND CONCLUSION
By using this method there is a 60 per cent saving
settling time as compared to Ziegler Nicholas and 84.6
per cent saving settling time as compared to Salem.
Our method is independent of maximum overshoot
which is a distinguishable advantage that is why the
performance of system increases.
5. 	FUTURE SCOPE
In future, for performance analysis of PID controller,
some FIS could be adopted. We know that gain and
phase margin is the two parameter that deals with the
system robustness. It can be good research work, for
performance analysis of PID controller when gain and
phase margin has been specified.

fu’d’kZ
bl i)fr dk mi;ksx djus ls] tkbxyj fudksyl }kjk
çLrkfor i)fr dh rqyuk esa lsVfyax le; esa 60 izfr'kr dh
cpr gksrh gS vkSj lyse }kjk çLrkfor rduhd dh rqyuk esa
lsVfyax le; esa 84-6 izfr'kr dh cpr gksrh gSA gekjh i)fr
vf/kdre vksoj'kwV ls Lora= gS tks ,d fof'k"V ykHkçn fLFkfr
gS tks ç.kkyh ds dk;Zfu"iknu dks c<+krh gSA
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FBG ds fofHkUu ekinaMksa dk EDFA ds fu"iknu ij çHkko
Effect of Different Parameters on the Performance of FBG for EDFA
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lkjka”k
;g v/;;u vkaf'kd ijkorZu vkSj ikjs"k.k ds fl)kar ij dk;Z djus okys v‚fIVdy Qkbcj ds NksVs ls fgLls
ds fy, fo'ks"k :i ls fMtkbu fd, x, Qkbcj czSx xzSfVax ¼,Qchth½ ds fu"iknu fo'ys"k.k dks js[kkafdr djrk
gSA lexz vkmViqV iSVuZ esa lq/kkj ykus ds fy, nksgjs ikl ,EifyfQds'ku okyh ,y&cSaM ,fjfc;e MksIM Qkbcj
,EifyQk;j ¼bZMh,Q,½ i)fr dk mi;ksx fd;k tkrk gSA bl i= dk eq[; mís'; ,Qchth ds fofHkUu d‚fUQxjs'ku
ds fy, ,dleku ,iksMkbts'ku] x‚fLl;u ,i‚;ts'ku vkSji gkbijc‚fyd VSUtsUV ,iksMkbts'ku ls çkIr ifj.kkeksa dh
rqyuk djuk gSA ;g ik;k tkrk gS fd mPp viorZukad okys i‚fyej ,d jSf[kd xsu iSVuZ j[krs gSa vkSj buiqV
fHkUurkvksa ds lkFk vf/kd LFkk;h çrhr gksrs gSaA ifj.kke dks oS/k djus ds fy, fleqys'ku osoQ‚eZ dks 'kkfey fd;k
tkrk gSA ,Qchth dh bl i)fr vkSj d‚fUQxjs'ku dk mi;ksx djus ls ,y cSaM esa vkmViqV ikoj vR;f/kd likV
gksrk gS vkSj blesa cgqr de Likbd gksrs gSa tks blds LFkk;hRo dks n'kkZrs gSaA
Abstract
This research highlights the performance analysis of especially-designed Fibre Bragg Grating (FBG)
for a short segment of the optical fibre operates on the principle of partial reflection and transmission.
To improve overall output patterna FBG in L-BandEribium Doped Fibre Amplifier(EDFA) with
double pass amplification method is used. The main objective of this paper is to compare the results
obtained from uniform apodization, gaussiana poization and hyperbolic tangent apodization for different
configurations of the FBG. It is observed that high refractive index polymer have a linear gain pattern
and seems more stable with input variations. Simulation waveforms are included to validate the result.
The output power in the L band is considerably flat consisting very few spikes which indicates its
stability, by using this method and configuration of the FBG.
Key words: apodization, gaussian, fibre bragg grating, L-Band

1.

Introduction
Erbium-doped fibre amplifier’s ( EDFA) have been
used for the amplification of the optical signals. The
initial use of the EDFA was to amplify the signals of
the conventional Band( C-Band ) [1]. Range of C band
is generally between 1525 nm to 1565 nm. Now the
EDFA’s are being popularly used for the amplification
of the Long wavelength Band 2. The range of the L band
generally between 1565 nm to 1620 nm.Combination
of C-Band and L band can be used for the optical
fibre amplification.
The Fibre Bragg Grating as a main component,
which reflects the C band signal to the Erbium-doped
fibre Amplifier. In the proposed techniques gain of
the amplifier and gain pattern is improved. Gain is
flat in the L band region. Gain enhancement in the L

band EDFA through the C band amplified spontaneous
emission is demonstrated here.
In this configuration a tunable laser source was
used as a L band signal source. TLS output has to
pass from the fibre Bragg grating and then The Pump
coupler signal and Transmitted Laser Signal is combined
in the pump coupler. Before combining of the signal
n the pump coupler, the Signal from the Transmitter
laser source have to pass from a optical circulator,
which routes the signal in the forward direction. The
circulator used here is bi-directional, so when a signal
comes from the opposite direction, it simply circulate
it to the WDM analyzer. The diagram of typical fibre
bragg grating is shown in Fig. 1.
Fibre Bragg grating reflects the C-band backward
spontaneous emission which was generated at the
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Figure 1. Typical fiber bragg grating.

input of the Erbium-doped fibre amplifier. This C
band backward ASE(amplified spontaneous emission)
reduces the performance of the EDFA amplifier.
By incorporating the fibre Bragg grating, this C
band backward ASE can be send back to the input
where it can be used for pumping. Now C band signal
is not present in the output, only L band signal is
there, it improves the output pattern of the EDFA. And
because of the double stage amplification, significant
gain can be achieved.

1.1 Types of Grating
The gratting mainly found are of many types
but the most commonily used gratings include the
following:
1.2	Chirped Fibre Bragg Grating
The Refractive index profile of the grating may
be modified to add other feature, such as a linear
variation in the grating Period, called chirp. The
Reflected wavelength changes with the Grating period,
broadening the reflected spectrum. A grating Possessing
chirp has the property to adding dispersion as shown
in Fig. 2.

Figure 2. Chirpred fiber Bragg grating.

1.3	Tilted Fibre Bragg Grating
In standard FBG’s, the grading or variation of the
refractive index is along the length of the fibre, and
is typically uniform across the width of the fibre. In
a tilted FBG, the variation of the refractive index is
at angle to the optical axis, as shown in the Fig. 3.

Figure 3. Tilted fiber Bragg grating.

2.	FBG in Erbium-Doped Fibre
Amplifier
The basic structure of the Erbium-doped Fibre
amplifier with out incorporating is shown in the
Figure 4.

Figure 4. General EDFA amplifier.

The general parameters for the Erbium Fibre using
as an amplifier are shown in the Table 1.
Table 1. Specification of different parameters of EDFA.
Parameters

Value

Signal emission Cross Section (m2)

3.80×10-25

Length of EDF (m)

10 to 90

Pumping Power (mW)

10 to 100

Signal input power(dbm)

-30 to 10

Signal wavelength(nm)

1570

Pump wavelength(nm)

980

Er+3 ion Density (m-3)

1.0 × 1025

Fibre Radius (µm)

2

3.	Double Stage Amplification
Technique
To improve the gain of the L band erbium
doped fibre, several methods are reported. Some of
them were using c band assistant pumping, utilizing
unwanted backward amplified spontaneous emission
(ASE), incorporating a fibre bragg grating to reflect
a part of ASE into erbium-doped fibre amplifier and
using double pass configuration. In this paper a very
efficient technique for the Gain enhancement and
flat spectrum has been proposed. Here-double pass
configuration with incorporating the Fibre Bragg grating
is used. Here a part of C band backward amplified
spontaneous emission (ASE) is reflected back to the
Erbium doped fibre and the forward L band signal
is reflected back by the mirror reflector. The L band
signal have to travel two times through the Erbium
doped Fibre and hence there is double amplification
275
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Figure 5. FBG in EDFA amplifier.

through the Erbium-doped fibre amplifier. The double
stage amplification method using fibre Bragg grating
is shown in Fig. 5.

4.	Results and Simulations
In the results, it is important to have the knowledge
of the structure of the fibre Brag grating. Different
configurations of the FBG are used here with different
apodization. It is observed that each time output
varies. It is important to know that because the
introduction of the FBG the spikes in the L band can
be completely removed, however other techniques can
also be used for amplification.it is clear that fibre
Bragg grating plays an important role in order to
reflect the backward amplified spontaneous emission
to the erbium doped fibre amplifier. The simulations
are included to validate the result.
4.1 Grating Specification
For high refractive index polymer,having refractive
index of the 1.50,following results were observed for
the different lengths and diffenent apodizations.
4.2 Uniform Apodization
The power VS wavelength results were observed
for 2 mm, 3 mm, 4 mm for the same apodization, i.e.,
uniform apodization and is shown in Fig. 6.
It is clear from the simulation result that For all
lengths of the fibre Bragg grating, The output spectrum
is flat from 1570 nm – 1620 nm. There is no peak
point out there. It is also clear that in C-band There
is not flat spectrum. Results show that a much flat
spectrum can be obtain if grating is incorporated in
the Erbium-doped fibre amplifier circuit.

Figure 6. Uniform apodization.
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Table 2. Grating specification
Parameter

Value

Operating frequency of the
grating (nanometer)

1528

Effective Index of the Grating

1.50

Material

High Refractive Index
Polymer

Length of the Grating (mm)

2,3,4

Apodization Profile

Gaussian, Uniform, Hyperbolic
Tangent

Gaussian Parameter

0.5

Tanh Parameter

0.5

Chirp Function

Cubic Root, Linear, square
Root, Quadratic

Linear Parameter (micrometer)

0.0001

Quadratic Parameter
(micrometer0

0.0001

Square root Parameter (µm)

0.0001

Cubic Root Parameter(µm)

0.0001

No. of Segments

101

Max. Number of spectral

1000

Bit Rate (bits/ sec)

10000000000

Signals

Number of Iteration – 10

Initial Dealy

Enabled

4.3 Gaussian Apodization
The power VS frequency results were observed
for the Gaussian apodization for 2 mm, 3 mm, and
4 mm length is shown in Fig. 7.

Figure 7. Gaussian apodization.
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Figure 8. Hyperbolic tangent apodization.

4.3 Hyperbolic Tangent Apodization Profile
It is clear from the simulation result that output
is flat spectrum in the L-band for the Hyperbolic
tangent apodization. The output is optimal for the
Grating length of 3 mm.
5.	Conclusion
It is presented that EDFA is widely used as an
amplifier to amplify the light signals. EDFA’s have
the non-uniform gain over the 1500 nm to 1600 nm
band,with peak values having at different wavelengths.
The different equalization techniques employed to
remove this peak. It is shown that the peak values are
eliminated using the fibre Bragg grating and the flat
gain is achieved in the L-band. The reflection property
of the fibre Bragg grating is used here to reflect the
C-band backward amplified spontaneous emission.
This C-band ASE is used to pump the signal again
and hence by incorporating the fibre Bragg grating
the flat gain pattern is achieved.It is clear from the
results that no peak is there in the L-band and it is
almost constant in the L-band region.

fu’d’kZ
;g çLrqr fd;k tkrk gS fd bZMh,Q, ykbV flXuyksa dks
ifjof/kZr djus ds fy, ,d ,EifyQk;j ds :i esa O;kid
:i ls mi;ksx fd;k tkrk gSA bZMh,Q, vyx&vyx rjaxnS/
kZ~;ksa okys mPpre ekuksa ds lkFk 1500 ,u,e ls 1600 ,u,e
cSaM ij vleku xsu j[krk gSA bl mPpre eku dks gVkus ds
fy, fofHkUu lekurk rduhdksa dk ç;ksx fd;k tkrk gSA ;g
n'kkZ;k tkrk gS fd Qkbcj czSx xzSfVax dk mi;ksx djds mPpre
ekuksa dks gVk;k tkrk gS vkSj likV xsu dks ,y cSaM esa çkIr
fd;k tkrk gSA lh cSaM i'pxkeh ifjof/kZr lgt mRltZu dks
ijkofrZr djus ds fy, Qkbcj czSx xzSfVax ds ijkorZu xq.k dk
;gka mi;ksx fd;k tkrk gSA lh cSaM ,,lbZ dk mi;ksx flXuy
dks nqckjk Hkstus ds fy, fd;k tkrk gS vkSj bl çdkj Qkbcj
czSx xzSfVax dks 'kkfey djds likV xsu iSVuZ çkIr fd;k tkrk
gSA ifj.kkeksa ls Li"V gS fd ,y cSaM esa dksbZ Hkh mPpre eku
ugha gS vkSj ;g ,y cSaM {ks= esa yxHkx fLFkj gSA
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,d vkn”kZ fØ;k”khy pyk;eku fo|qr okgd vk/kkfjr yks ikoj lSaiy vkSj oSdfYid@izR;{k
¼vkWYVZusV@Mk;jsDV½ laifjorZu ds fy, gksYM izo/kZd ¼,EiyhQk;j½ dk fo”ys’k.k vkSj fMtkbu
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lkjka”k
izLrqr ys[k esa ,d vkn”kZ fØ;k”khy pyk;eku fo|qr okgd vk/kkfjr lSaiy vkSj gksYM ,EiyhQk;j dk fooj.k
fn;k x;k gSA fMftVy laifjorZu esa vuq:i ¼vukyksx½ djus ds fy, ÅtkZ vkSj mPPk xfr lSaiy rFkk gksYM
,EiyhQk;j ¼izo/kZd½ eq[; CykWd gksrs gSaA mPp fugn nj vkSj fØ;k”khy pyk;eku fo|qr okgd dh fo”kky xfr
jsat csgrj vuqdj.kh; ifj.kke iznku djrs gSaA lHkh ifj.kkeksa dks 0.18um and 1.8V TSMC CMOS Model ij
421 µW dh “kfDr okys PSPICE dk mi;ksx djds izkIr fd;k tk jgk gSA
Abstract
A novel operational floating current conveyor (OFCC) based sample and hold amplifier (SHA)
is described in this paper. The power and high speed Sample and hold amplifier (SHA) is main block
for Analog to Digital Conversion. High slew rate and large dynamic range of OFCC provides better
simulation results. All the results are obtained using 0.18 um and 1.8 V TSMC CMOS Model on PSPICE
has a power dissipation of 421 µW.
Keywords: OFCC, SHA, speed, dynamic range, A/D convertor

1.

Introduction
The evolution and application of current-mode
processing 1 has given a drastic boost in the analog
integrated circuit design. The outcomes of the current
mode processing stems from the fact that the circuits
based on it possess larger bandwidth, greater linearity
and greater dynamic range. The operational floating
current conveyor (OFCC) 2,3 is versatile analog buildings
block which posses the features of current conveyor
and the current feedback op-amp. It has both low
impedance port for current input and high impedance
ports which can be used as voltage inputs. Additionally,
it also has a low impedance voltage output port and
high impedance current output ports. The OFCC is
used as an analog building block for implementing
variety of circuits such as voltage mode filter 4-6, current
mode filter 7, variable gain amplifier 8, instrumentation
amplifier 10 and wheat-stone bridge 9 and read out
circuit 11, rectifier 15.
For an analog to digital converter (ADC), the
sample and hold amplifier (SHA) plays a vital role
in determining linearity, dynamic range and frequency

range. It is hard to design SHA for a high speed
operation, as OFCC is current mode device therefore
speed of operation is very high as compared to the
other available voltage mode circuit. Another advantage
of current mode devices is its bandwidth; therefore it
can operate for high frequency range.

2.	Circuit Description
The circuit symbol of operational floating current
Conveyor (OFCC) is shown in Fig.1. It has a low
impedance current input port X and a high impedance
voltage input port Y. It also has a low impedance
voltage output port W and high impedance current output
port Z. The output voltage at port W is multiplication

Figure 1. Circuit symbol of operational floating current
Conveyor.
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of input current at port X and the open loop trans
impedance gain Z t. The port relationships of the OFCC
is characterized by the following matrix
 Iy  0 0 0 0  Vy 
 Vx  1 0 0 0   Ix 
 =
 
Vw 0 Zt 0 0   Iw
  
 
 Iz  0 0 1 0  Vz 
It may be noted that the voltage at port X is the
same as input voltage at port Y so voltage tracking
action is available at input port. The output current
flowing through port W is copied to port Z, thereby
offering current tracking at the output ports. Fig. 2
shows the CCII based OFCC implementation.

Figure 2. CCII based OFCC implementation.

Port relation metrics of second generation current
conveyor (CCII+) is given below. The voltage of input
terminal Y is followed by X and the current through
‘X’ terminal is followed by ‘Z’ terminal in a current
conveyor. CCII+ implies that ‘Z’ terminal current is
in same phase as ‘X’ terminal

CMOS realization of CCII+ is shown in the
Fig. 3.

4. The sampling pulse is applied to the gate of M1
transistor, and input voltage is connected to the drain
of M1, source of M1 is connected with the capacitor.
When gate voltage of M1 is high, M1 starts conducting
and voltage is transferred from drain to source. This
input voltage then stored by capacitor, as C is also
connected to the Y terminal of OFCC the voltage of
terminal Y is followed by X. Therefore voltage at X
is equal to the input voltage when gate pulse is high.
When gate voltage is low ; MOSFET shifts into cutoff
region. Therefore capacitor has no charging path or
discharging path so it retains its voltage.
Thus for
VSam > 0 , Vout = Vin
(1)
and
Vsam < 0, Vout =Vc(Capacitor Voltage)
(2)
The charging equation for capacitor is
V(t) = Vfinal(1-exp(-t/RC))
(3)
and discharging equation is
V(t)= Vinitial exp(-t/RC)
(4)
Where R is the resistance on charging discharging
path, in this circuit R is the on resistance of M1 which
we made so smaller to meet the timing criteria.

4.

Simulation Results
The functionality of proposed SHA of Fig. 4 is
validated through current conveyor based realization of
OFCC block as shown in Fig. 2. The TSMC 0.18µm
CMOS model parameter and supply voltages VDD=1.8
V and VSS= –1.8V are used for simulations. The aspect
ratios of various transistors are given in Table 1. The
transient response of the proposed circuit is shown
Figs. 5. An input signal, of 500mV amplitude and 10
kHz frequency, as shown in Fig. 5(a) is applied and
the voltage at gate of M1 is depicted in Fig. 5(b).
It may be noted that for positive half cycle, M1 ON
which implies voltage at ‘X’ is equal to the input
voltage. For negative half cycle, voltage at gate of
‘M1’ is negative which implies voltage at ‘X’ is equal
to the capacitor stored voltage which works as hold

Figure 3. CMOS realization of CCII+.

3. 	Proposed Circuit
The proposed SHA based on a single OFCC,
NMOS(N1) and a capacitor (C) as shown in Fig.
280

Figure 4.	Proposed SHA based on single OFCC NMOS (N1)
and capacitor.
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voltage. The total power consumption of the circuit
is simulated to be 421 µWatt.

(a) Input signal of 500mV amplitude and 10 kHz frequency

(b) Voltage at gate of N1

5.	Conclusion
A Novel OFCC based low power SHA is presented
in this paper. The proposed circuit used OFCC which
is a current mode device therefore it has high linearity,
greater bandwidth and larger dynamic range. We use
180nm and 1.8V CMOS process parameter therefore it
consumes low power and very useful in quantization
process for A/D converter. The circuit described is
very suitable for integrated circuit implementation.
The performance of the proposed circuit is confirmed
from Cadence Orcade PSPICE Simulation results.

fu"d"kZ
izLrqr ys[k esa ,d vkn”kZ fØ;k”khy pyk;eku fo|qr okgd
vk/kkfjr de ÅtkZ lSaiy vkSj gksYM izo/kZd ¼,EiyhQk;j½ dks
izLrqr fd;k x;k gSA vkn”kZ fØ;k”khy pyk;eku fo|qr okgd
esa izLrkfor lfdZV dk iz;ksx fd;k tkrk gS tks ,d izdkj dk
fo|qr izokg eksM midj.k gS blfy, blesa mPp jsf[kdrk]

vf/kd ls vf/kd cSaMfoM~Fk vkSj fo”kky xfr”khy jsat fo|eku
gSA ge 180 nm vkSj 1.8V CMOS okys izfØ;k ekun.M dk
iz;ksx djrs gSa blfy, de ÅtkZ dh [kir gksrh gS vkSj oSdfYid@izR;{k laifjorZu ds fy, ifjek.khdj.k izfØ;k esa cgqr
mi;ksxh gksrs gSaA of.kZr lfdZV ,dhÑr ifjiFk dk;kZUOk;u ds
fy, cgqr mi;qDr gSaA Cadence Orcade PSPICE vuqdj.kh;
ifj.kkeksa ls izLrkfor lfdZV ds izn”kZu dh iqf’V dh x;h gSA
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lsallZ vkSj lkSj dksf”kdkvksa vuqiz;ksxksa ds fy, izokgdh; ikWfyej {ks= esa vfxze
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lkjka”k
lsallZ vkSj fo|qr jklk;fud midj.kksa dks fnypLi lkexzh ds :Ik esa muds mR—’V vkWfIVdy vkSj ;kaf=d
xq.kksa ds dkj.k izokgdh; ikWyhej dh rjQ fo”ks’k /;ku fn;k x;k gSA tgka vdkcZfud lkexzh “kfDr”kkyh lkexzh
lkfcr gksus esa foQy jgh ogka bUgsa bLrseky fd;k tk ldrk gSA izokgdh; ikWyhej ij vk/kkfjr lsaljksa vkSj
fo|qr midj.kksa dks muds ljy fuekZ.k dh otg ls mUgsa bl gn rd fodflr fd;k x;k gS fd fof”k’V {ks=ksa esa
izkS|ksfxdh dks fodflr djds mUgaas vklkuh ls fMtkbu fd;k tk ldsA bruk gh ugha] bySDVªks lfØ; izokgdh;
ikWfyej us Bksl tSo izkS|ksfxdh ls vuqiz;ksxksa dh ,d foLr`r jsat LisDVªe dks Hkh doj fd;k gSA ekStwnk isilZ vkxs
c<+us okyh fofHkUu izfØ;ksa ls lac) gSa ftUgsas lsallZ vkSj lksyj lsYl midj.kksa dks “kfDr”kkyh lkexzh cukus ds
fy, izokgdh; ikWfyej ds {ks= esa fy;k x;k gSA
Abstract
Conducting polymers have received special attention as an interesting material for sensors and
electrochemical devices due to their excellent optical and mechanical properties. They can be used in
a situation where inorganic materials failed to prove a potent material. Due to their ease of fabrication
they have been developed to such an extent that sensors and electrochemical devices based on conductive
polymers can be designed easily, making evolution of a technology in the particular field. Not only this,
electro-active conductive polymers covered a broad range spectrum of applications from solid state
technology to biotechnology. The present paper deals with the various advancements that have taken in
the field of conductive polymers to make them a potent material for sensors and solar cell devices.
Keywords: Cyber-security, cyber-terriorism, cyber space

1.

Introduction
Polymers as a material have dominated the modern
world as they offer wide application from being used
in containers to clothing. Due to their good insulating
property they are used to coat metal wires in order to
prevent electric shocks 1. In recent years chemists have
work hard to make polymers that conduct electricity as
well as metals. The major classes of semiconducting
materials that have been developed till date include
charge transfer polymers, ionically conducting polymers,
conductively filled polymers and conjugated conducting
polymers 2. In 1970’s with invention of conductive
polyacetylene a special class of polymers which named
conducting polymers (CPs) is receiving special attention
from the science as well as engineering communities.
With the invention of electrically conductive polymers
by Alan J. Heeger, Alan G. MacDiarmid, and Hideki
Shirakawa in 2000 they have seen great advancement

during the last two decades 3. In an ideal condition
for the conduction of electricity in metals the outer
electrons are free to move in order to carry the
charge whereas in insulators the condition is reversed
they have tightly bounded electrons and offers high
resistance for the flow of charge. However for making
polymer electrically conductive, a polymer has to
behave like a metal, that is, its electrons should be
free to move and are not bounded by atoms 4. There
are two conditions which can make polymer conductive
firstly it should have conjugated double bonds means
alternating single and double bonds. These alternating
single and double bonds in polymers introduces the
band width of 1.5 ev making polymers high energy gap
semiconductor. Second condition is doping either by
partial oxidation (p-doping) of the polymer chain with
electron acceptors or by partial reduction (n-doping)
with electron donors. Through such a doping process
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charge defects are introduced, which could then be
available as the intrinsic charge carriers 5 . The π
electron backbone introduce by conjugation and doping
at various levels is responsible for properties that
make these conductive materials so useful includes
electrical conductivity, low energy optical transition,
low ionization potential and high electron affinity 6-8.
Abundant literature exists on the various uses of CPs.
Applications of CPs can be divided into two major
groups: Firstly CPs in electronics, optoelectronics,
and electrochemical devices and on the other hand in
sensors. First group relies on chemical stability of CPs
while sensors applications use the physical changes
possible in CPs by using different chemicals 9-10.

2.	Conductive Polymers in Sensors
Sensors are the devices that measure a physical or
chemical quantity (e.g. temperature or pressure) and
produce a signal which can be read by an observer or
by an instrument 11. Sensors have been a driving force
for developing conductive polymers from the very start
as commercially available sensors made up of metal
oxides suffers from drawbacks like low sensitivities,
long response time, difficulties in fabrication, etc.
Whereas sensors made up of conductive polymers
provides certain advantages like high sensitivities
and short response time at room temperature even
conductive polymers provides mechanical strength to
sensors which make them more facile 12-14. Formation
of composite conductive polymers by incorporation
of secondary components such as ions, nanoparticles,
or nanowires of metals, metal oxides, carbon or
molecular species etc. provides an additional advantage
over conductive polymers such as improved chemical
properties for chemical sensing. Addition of ions
develops electroststatic interactions which influences
the electronic and physical properties of the materials 1517
. Conductive polymers are being used in various
groups of sensors like gas sensors, electronic chemical
sensors, chemiresistors, transistors and diode sensors,
biosensors, etc 18-19.
With increasing number of combustion engines,
power plants, etc., the emission of poisonous gases
has been increased extensively. These poisonous gases
when exposed in the atmosphere cause acid rain
and photochemical smog. Therefore, efficient gas
sensing materials have been studied widely for the
detection of even very low concentration of these
poisonous gases. Conductive polymers which work
efficiently even in normal temperature has emerged as
an important class of sensing materials for detecting
such poisonous gases in the atmosphere. Various
types of conducting polymers such as poly (paraphenylene vinylene), polyaniline (PANi), polypyrrole,
polycarbazole, polythiophene, and their derivatives are
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frequently used as gas sensing materials 20-21. Polyaniline
is frequently used as conductive material because
of its polymer backbone which provides it a unique
electrical property and stability but it suffers from poor
processing ability which makes it less suitable as gas
sensing material22. Therefore the heterojunction between
organic and inorganic materials has been studied to
solve the problem. In this direction introduction of
nanomaterials in PANi is also beneficial as it provides
large gas absorptive capacity and higher sensitivity.
Construction of a polyaniline nanofibre proved as
efficient sensor for acidic gases similarly formation of
polyaniline/TiO2/carbon nanotube composites conductive
polymer improved the sensitivity and response time
for NO gas 23. PANi single film deposited on silicon
substrate by spin coating technique was employed as
sensing element to detect NH 3 molecules. The film
showed excellent response to ammonia gas. It can
prove to be an important and low cost material for
making ammonia gas sensor 24. Talwar et al, also studied
the sensing response of Polyaniline nanofibre powder
with varying amount of ZnO nanoparticles deposited
over alumina substrate towards ammonia gas. The
fabricated sensor exhibited excellent selectivity towards
ammonia gas and sensing response was proportional
to the ammonia gas concentration 25.
Poly (para-phenylene vinylene) is another important
class of conductive polymer made up of rigid-rod
polymers. Improvement in the properties of Poly (paraphenylene vinylene) can be bought about by altering its
side functional groups 26. To increase the sensitive and
selective responses of poly (para-phenylene vinylene)
towards gases like carbon monoxide, ketone vapors
etc. selective microporous adsorbents are introduced
into the polymer matrix of poly (para-phenylene
vinylene). Na+-exchanged zeolite, Cu+-exchanged
zeolite, and the poly (para-phenylene vinylene)/zeolite
composite have been studied with the view to possible
carbon monoxide sensing applications. The strongest
absorption was observed for the copper ion-exchange
ZSM5 followed by sodium ion exchange-ZSM5. The
response of poly (para-phenylene vinylene) doped with
H2SO4 mixed into zeolite Y matrices was studied
towards ketone vapors. From the studies it can be
concluded that the sensing response of the prepared
film is directly proportional to the surface area and
inversely proportional to the cationic radius of the
cation in zeolite 27-28.
Chemiresistors are the most common type of gas
and chemical sensors array, manufactured with low cost
conductive polymers. Chemiresistor sensor fabricated
with the blend of poly (3, 4-ethylene dioxythiphene)
and polystyrene sulfonated acid (PEDOT-PSS) polymers
doped with methylene red dye in the acid showed
excellent sensing response for the ethanol vapour.
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From the studies it can be concluded that we can
improve the sensing response of chemiresistor sensor
by incorporating dye molecules which can open up
the era of new type of chemiresistor 29. Large arrays of
chemiresistors based on conductive polymers are being
developed for detecting volatile organic compounds
(VOCs). These chemiresistors are found to be useful
as VOCs can be monitored inexpensively in real
time 30.
Conducting polymers are also coming up as suitable
materials in the manufacturing of biosensors. As
CPs are easy to prepare and its structure can easily
be modified by surface functionalization techniques.
CPs has been widely used as bioactuators devices
that are used to create mechanical force. Basically
polypyrrole, polyaniline and composites of these
polymers with carbon nanotubes (CNTs) have been
used widely as they show ability to function as
actuators. Out of all these materials composite of
polypyrrole with polyaniline produced the highest work
per cycle 31. CPs even exhibited excellent free radical
scavenging ability or antioxidant activity which makes
them beneficial for tissues suffering from oxidative
stress 32. CPs also posses immense potential in drug
delivery systems as by changing the redox state of
CPs controlled release of drug can be facilitated. Poly
(3, 4-ethylenedioxythiophene) nanotubes (PEDOT
NT) polymerized on top of electrospun poly (lacticco-glycolic acid) (PLGA) nanofibres have been used
for the release of the drug dexamethasone 33. CPs are
also widely used in tissue engineering the properties
which make CPs an efficient materials for tissue
engineering includes conductivity, reversible oxidation,
redox stability, biocompatibility, hydrophobicity, threedimensional geometry and surface topography. Poly (3,
4-ethylenedioxythiophene) (PEDOT) is also receiving
attention in tissue engineering. Polypyrrole and PEDOT
film with nanotubes was used as an in vitro dorsal
root ganglion model 34.

3.	Conductive polymers in Solar
cells
The increasing energy demands have encouraged
scientists to develop cheap and easily accessible sources
of energy. Among all sources of energy, renewable
energy sources are gaining importance as it has a
fair amount of consistency. Solar energy has emerged
with the vast potential to meet the present energy
demands. As a result, the conversion of solar energy
into different forms has been the core of research for
the recent past years. The conventional solid-state
silicon based solar cells, though highly efficient, are
yet to become popular for mass applications as they
are highly expensive. The necessity for developing
low cost devices for harvesting solar energy was,

therefore very much desirable 35. Due to the simple
design and low manufacturing cost the polymer solar
cells are widely investigated as a next generation solar
cells 36. Polymer solar cells usually can be fabricated
with an active layer of polymer (donor) and a film of
electron acceptor sandwiched between contacts. The
conducting polymers like PANi, polythiphene and their
derivatives such as poly (3-hexylthiophene) (P3HT)
are commonly processed into nanoscale thin films for
application in organic photovoltaics 37. Various methods
have been adopted for forming thin films of conductive
polymers to be used in polymer solar cells like spin
coating, solution processing, electrochemistry and
thermal annealing. However all these methods suffer
from certain drawbacks like spin coating technique is
not able to utilize whole material and therefore not
cost effective 38. Electrochemical growth of conducting
polymer thin films via potentiostatic, galvanostatic or
voltammetric routes does not offers deposition of film
over non conducting substrates efficiently as it uses
electricity for thin film deposition 39. New methods
are being adopted by researchers for growing thin
films of conducting polymers such as solution based
method. This method has certain advantages over
conventional methods as it allows growth of film on
any substrate under ambient conditions and requires
less energy and cost 40.
Researchers are fabricating ITO free solar cells
based on efficient conducting polymers like poly
(3-hexylthipophene-2, 5-diyl): [6, 6]-phenyl-C61-butyric
acid methyl ester (P3HT: PCBM). All the layers of the
devices from the lowermost silver nanowire cathode
to the uppermost conducting polymer electrode were
deposited over plastic. The measured conversion
efficiency was 2.3 % and 2.0 % under cathode-anode side
illuminations. The efficiency was found to enhance in
comparison to indium-tin-oxide based solar cells 41. Poly
(3, 4-ethylenedioxythiophene): poly (styrenesulfonate)
(PEDOT: PSS) is widely used as the hole transport
material in polymer soalr cells. A graft copolymer,
poly (styrene sulfonic acid) grafted with polyaniline
(PSSA-g-PANI), is used as hole transport material in
place of PEDOT: PSS as PSSA-g-PANI have unique
high transparency in 450-650 nm wavelength and
high electrical conductivity which results in high
short circuit current and high open circuit voltage of
polymer solar cells. PSSA-g-PANI exhibited conversion
efficiency of 4 % which is 20 % higher than that of
device with PEDOT: PSS 42 . Conducting polymer
poly (2-methoxy-5-(2’-ethyl-hexyloxy)-p-phenylene
vinylene (MEH-PPV) with PbS nanocrystals were
used to fabricate solar cells the efficiency obtained
was not good but cells are found to be stable. In
order to enhance the conductivity of PANi various
additives have been incorporated in the matrices.
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Carbon nanotubes (CNTs) have attracted a lot of interest
as secondary material to be added in organic solar
cells as CNTs have highly p –conjunctive system and
hydrophobic sidewalls consisting of sp 2 carbons, which
enable them to be easily incorporated in the organic
solar cells. Many solar cells have been fabricated
using polyaniline with CNTs. A dye-sensitized solar
cell based on polyaniline base (EB), single-walled
carbon nanotubes, organic dyes (rhodamine B and/or
riboflavin), zinc oxide (ZnO), and indium tin oxide
(ITO) was fabricated 43.
Conductive polymers are also being employed in
the fabrication of dye sensitized solar cells (DSSCs) a
third generation solar cells another promising solution
to global energy and environmental problems because
of its clean, low-cost, high efficiency, good durability,
and easy fabrication. However, low efficiency of DSSCs
is still an important issue. To enhance the efficiency
of DSSCs researchers are adopting different strategies
like researchers fabricated solar cell with polyanilinegraphene complex counter electrode (CE). They reported
that due to easy charge-transfer between PANi (N
atoms) and graphene (C atoms) by a covalent bond,
electrical conduction and electrocatalysis of PANigraphene complex CEs is more in comparison to PANi
only counter electrodes. The DSSC employing PANi-8
wt % graphene complex CE gives an impressive power
conversion efficiency of 7.78 %, which is higher than
6.24 % from PANi-only and 6.52 % from Pt-only CEbased DSSCs44. Likewise another group fabricated bifacial
DSSC based on a transparent polyaniline (PANi) counter
electrode. The photoelectric properties of polyainilne
were further enhanced by adding 4-aminothiophenol
(4-ATP). The sunlight irradiation simultaneously on
both sides causes excitation of more dye molecules
which caused more generation of carriers, which
results in the enhancement of short circuit current
density and therefore increase in overall conversion
efficiency. The overall obtained conversion efficiency
was 8.35 %, which is ~24.6 % more compared to the
DSSC irradiated from the front only 45.

4.	Conclusion
Conductive polymers proved to be a potential
building material for the development of sensors or
electrochemical devices such as solar cells. They are
inexpensive, can be miniaturized and easily fabricated.
As they are highly porous, so can easily be penetrated
by gases that can profoundly change their electronic
properties and these properties of conductive polymers
make them efficient for gas sensing. The gas sensors
made up of conductive polymers exhibited highest
sensitivity even at low concentrations of gases like
ammonia, carbon monoxide, and carbon dioxide at
room temperature. The use of conductive polymers
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in fabrication of organic solar cells opens up a new
perspective in photovoltaics technology as the cells
fabricated with use of conductive polymers showed
improved efficiency. The conducting polymers have
reached the stage where they can be accepted as a
potential material for the current market.
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fu"d"kZ
izokgdh; ikWyhej lsallZ ;k fo|qr midj.kksa dh rjg ds
lksyj lsYl ds fodkl ds fy, “kfDr”kkyh fuekZ.k lkexzh tSls
lkfcr gq,s gSaA ;s lLrs gSa] y?kq :i esa gks ldrs gSa vkSj mUgsa
vklkuh ls cuk;k tk ldrk gSA vius fNfnzy :i ds dkj.k
mUgsa xSlksa ds }kjk vklkuh ls izos”k djk;k tk jgk gS rkfd
muds bySDVªkWfud xq.kksa dks xgjkbZ ds lkFk cnyk tk lds vkSj
izokgdh; ikWfyej ds ;s xq.k laosnu xSl ds fy, dq”ky cukrs gSaA
izokgdh; ikWyhej ls cus xSl lsaljksa us mPpre laosnu”khyrk
dk gh ugha cfYd dejs ds rkieku ij veksfu;k] dkcZueksuksvkDlkbM vkSj dkcZu MkbZvkDlkbM tSlh xslksa dh de lknzrk
dk Hkh izn”kZu fd;kA dkcZfud lkSj dksf”kdkvksa ds fuekZ.k esa
izokgdh; ikWyhej dk mi;ksx QksVksoksYVsDl izkS|ksfxdh ds {ks=
esa izokgdh; ikWyhej ds mi;ksx ds lkFk cuk;h x;h lsYl dh
dk;Zdq”kyrk esa lq/kkj ds lkFk ,d u;k n`f’Vdks.k [kksyrk gSA
izokgdh; ikWyhej okLrfod vuqiz;ksx ds pj.k esa igqap x;k gS
vkSj ekStwnk cktkj esa vf/kd ls vf/kd Loh—fr ds fy, mRiknu
ijh{k.k ds bartkj esa gSaA
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lkjka”k
ekStwnk ys[k ikWyhFkhu vkWDlkbM ih-bZ-vks- esa ikj|qfrd xq.kksa ds v/;;u ls lac) gS&ikWyhej bySDVªksykbV
vk/kkfjr xeZ izsl rduhd }kjk ,e ,e Vh Hkjko d.kksa dk izlkj djus ds ckn la”ysf’krA ikWyhej bySDVªksykbV
fQYe vk/kkfjr ikWyhej vkWDlkbM ds fo|qr vkSj FkeZy xq.k xeZ iszl fof/k }kjk ,e-,e-Vh- ikmMj ds lkFk feys
gq, gksrs gSaA xeZ izsl fof/k }kjk rS;kj fQYe ds fy, pkydrk rkieku esa o`f) ij 10&3 s@lseh dh jsat esa ik;h
x;hA ikj|qfrd O;ogkj dk fo”ys’k.k ikj|qfrd ijfefVfoVh dk mi;ksx djrs gq, (ε’ and ε’’) vkSj (tan δ) Li”kZ’;k
uqdlkj ij fd;k x;kA ;g ik;k x;k fd ikj|qfrd ijfefVfoVh (ε’ and ε’’) de vko`fr;ksa dh fnîkk esa rsth ls
c<+h vkSj vf/kdre Li”kZ’;k uqdlku mPp vko`fr;ksa dh rjQ f”k’V gks x;sA
Abstract
The present paper deals with the study of dielectric properties in polyethylene oxide (PEO) - based
polymer electrolytes subsequent to dispersal of Montmorillonite (MMT) filler particles synthesized by
hot press technique. Electrical and thermal properties of PEO-based polymer electrolyte film are found to
be enhanced with the addition of MMT powder by hot press method. The conductivity for film prepared
by hot press method was found to be in the range of 10-3 s/cm at increasing temperature. The dielectric
behaviour is analyzed using the dielectric permittivity (ε’ and ε’’) and tangent loss (tan δ). It is found
that the dielectric permittivity (ε’ and ε’’) rises sharply towards low frequencies and maxima of tangent
loss shifts towards higher frequencies.
Keywords: PEO-based polymer electrolyte, hot press technology, MMT dielectric properties

1.

Introduction
Polymer nanocomposite electrolyte has received
special attention during last many years due to their
significant theoretical as well as industrial application
in the development of electrochemical devices (like
solid state batteries, fuel cells, solar cells, sensors
and electro chromic display devices) 1-3 . This is a
prominent class of materials for the electrode/electrolyte
application because of their mechanical and thermal
stabilities, easy to fabrication of thin film of desirable,
shape/sizes and their ability to form proper electrodeelectrolyte contacts 4. Polyethylene oxide (PEO)-based
polymer electrolytes using alkali salts, plasticizers and
inorganic fillers has been extensively studied. Though
PEO with single helical structure supports the fast ion
transport but it suffers from the major drawback of
low ionic conductivity at room temperature due to its
crystalline phase 5. Several efforts have been made in
this direction to improve the ion transport, structural

and mechanical properties of these PEO based polymer
electrolyte by adding different inorganic, ceramic and
organic fillers 6-8. The ionic conductivity of the solid
composite polymer electrolyte is strongly governed by
the route of preparation, concentration of filler, type
of salt and its concentration. The choice of natural
Montmorillonite (MMT) as a filler in this work is
attributed to its additional advantages such as it acts
as a nucleating agents for the crystallization of PEO.
It also increases the melting temperature of polymer
electrolyte film by forming high-melting complexes
attributed due to the interaction between MMT and
the polymer chains 9.
Polymer electrolyte films are formed, in general,
via solution-cast and sol-gel routes. However, recently,
an alternate hot-press technique has been developed
for casting completely dry polymer electrolyte films.
This technique promises several advantages over
the conventional solution-cast method and has been

managing information technology

recognized as a rapid, least expensive and dry procedure
to prepare solvent free polymer electrolyte films. In this
paper we report the results of nanocomposite polymer
electrolytes prepared via hot press technique respectively.
The effects of the MMT clay and hot press method
on the properties of NCPE (Nanocomposite polymer
electrolyte) film such as structural morphology were
studied by optical microscopy. Electrical conductivity
and dielectric behavior of electrolyte was studied by
impedance spectroscopy at room temperature.

1.1	Experimental
Synthesis of film by hot pressing method: Polyethylene
oxide [(PEO) (M.W. ~ 6×105, ACROS organics)]
based nanocomposite electrolyte films were prepared
by admixing proper stiochiometric ratio of PEO with
Lithium acetate (CH 3COOLi) salt and the nanosize
powder of MMT. This MMT powder was synthesized
by ball milling process (Retsch PM 100) the raw
material was put in planetary ball milling machine
for 48 hours at a rotation speed of 300 rpm. The
composition of polyethylene oxide/Lithium acetate
/MMT powder was thoroughly mixed by planetary
ball milling machine (Retsch PM 100) in Tungsten
Carbide vessel with tungsten carbide balls at 300
rpm at 5 hours for 16 hours to obtain a homogenous
mixture of powders. The powders were first heated in
the oven at 60-65 oC for 10 min. and a rubbery lump
obtained. This rubbery lump was pressed in the hot
press die to obtain a homogenous film.
Structural behavior of 99 {90 PEO- 10 LiAc}: 1
MMT system synthesized by hot press technique was
studied with the aid of optical microscopy. The optical
micrographs of the film were recorded using computer
controlled LEICA DMLP polarizing microscope and
the electrical conductivity and dielectric response was
evaluated from complex impedance plot obtained using
computer controlled Hioki (Japan) LCZ HI Tester
(model 3520-3532).
2.	Results and Discussion
2.1	Optical Microscopy
Figure 1 shows the surface morphology of 99 {90
PEO- 10 LiAc}: 1 MMT film prepared by hot pressed
technique at 80X magnification. The decrease in the
surface roughness which is responsible for crystalline
fraction of the material and no apparent pattern of
PEO spherulites is observed under the microscope.
This can be attributed to the intercalation of MMT
and lithium acetate proton donor respectively resulting
in the reduction of crystallinity of host polymer (i.e.,
polyethylene oxide) and subsequent enhancement in
the overall amorphous fraction in the materials. The
film prepared by hot press method is found to be
smoother as no evaporation of water takes place which
290

Figure 1. 	Optical micrographs of nanocomposite polymer
electrolyte film 99 {90 PEO- 10 LiAc}: 1 MMT
prepared by hot press method.

indicates that the polymer electrolyte prepared by hot
pressing method no solvent is used.

2.2	Temperature dependent conductivity
The variation of ionic conductivity with temperature
for 99 {90 PEO- 10 LiAc}: 1 MMT nanocomposite
polymer electrolyte film prepared by hot press method
is shown in Fig. 2. From the Fig. 2 it is clear that the
bulk electrical conductivity follows Arrhenius nature.
The initial very slow increase in conductivity is due
to the unavailability of absorption of protonic species
after the film formation. After 60 oC the conductivity
smoothly increases with temperature as polymer matrix
gone through the phase rearrangement and it provides
the better conduction atmosphere for the mobile species
obtained from the dissociation of salt.
2.3	Conductance Spectra
Frequency dependent real part σ ac electric
conductivity of 99 {90 PEO- 10 LiAc}: 1 MMT
electrolyte film prepared by hot press technique is
shown in Fig. 3. It is found that the high frequency

Figure 2. Variation of electrical conductivity with temperature
for hot pressed film.
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spectra of the electrolyte follow the Jonsher’s Power
Law fit to their high frequency experimental values 10.
Figure 3 shows the a.c. conductivity of nanocomposite
polymer electrolyte film at the range of 10 -3 s/cm at
increasing temperature. At the lower temperature not
much increase in conductivity is observed due to
the absence of solvent in the matrix of polymer film
prepared by hot press technique. After the melting
temperature (~66 oC) of PEO, the conductivity starts
increasing for the film this can be explained on the
basis of semicrystalline to amorphous phase transition.
The dissociation of salt at higher temperature is
also responsible for increasing conductivity at higher
frequencies.

Figure 3. Frequency dependent ac conductivity of hot press
film.

2.4	Dielectric Analysis
The variation of dielectric constant in Figs. 4 (a)
& 4(b) shows the spectra of dielectric constant (ε’)
and dielectric loss (ε’’) of the hot press film of 99
{90 PEO- 10 LiAc}: 1 MMT electrolyte system with
frequency respectively. It is obvious from the figures
that dielectric constant increases with increase in
temperature due to the higher charge carrier density.
Both the parameters i.e. dielectric constant (ε’) and
dielectric loss (ε’’) for the film shows a decreasing
pattern with increasing frequencies. The dielectric

constant (ε’) and dielectric loss (ε’’) of the complex
increases more at lower frequency. This is due to
the electrical relaxation, which may be attributed to
the lag between frequency of oscillating dipoles and
applied field. The larger increase in ε’ value at lower
frequencies is due to high contribution of charge
accumulation between electrode-electrolyte interfaces
called electrode polarization which leads to the double
layer capacitances 11. At higher frequencies, the fast
periodic reversal of the electric field leads to the decrease
in the long range drift of excess ion diffusion in the
direction of the field so that the charge accumulation
for the formation of EDL decreases, and consequently
there is decrease in the ε’ values. The dielectric loss
for the film was in range of (-10 7) at lower frequency
which can be attributed to the more free motion of
ions in the film. A strong dielectric dispersion was
observed in both the films with increasing temperature
which reflects a Non-Debye relaxation in composite
electrolyte systems. The observed behavior can be
explained if the system is assumed to be formed of
molecular dipoles below the melting temperature these
dipoles remain frozen and as soon the temperature
increases the dipoles become thermally active and this
thermally activated space charge may be contributing
to polarization process which leads to the observed
increase in the dispersion process.
The tangent loss of the hot pressed film of 99
{90 PEO- 10 LiAc}: 1 MMT electrolytes is shown
in Fig. 5 respectively. It can be seen that tan theta
increases with increasing frequency, passes through
the maximum value and thereafter decreases. For
the film the relaxation peaks are found to be in the
frequency range of 10 2–10 4 Hz and it seems to shift
to low frequency range. The maxima of tan δ shifts
towards the higher frequencies and the height of the
peak increases with increasing temperature. This is
attributed to the increment in number of charge carriers
for conduction, which decreases the resistivity of the
samples. The relaxation peak shifts towards higher

Figures 4. Variation of dielectric constant and dielectric loss of 99 {90 PEO- 10 LiAc}: 1 MMT hot pressed film.
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frequencies with increasing temperature, which indicates
that the charge carrier is thermally activated.

Figure 5. Frequency dependent tangent loss of hot press film.

3.	Conclusion
A study has been carried out on polymer electrolytes
films of 99 {90 PEO- 10 LiAc}: 1 MMT prepared by
hot press method. The results show that the properties
of PEO based polymer electrolyte film is enhanced by
the addition of the MMT powder then the filler free
polymer electrolytes. The ionic conductivity of hot
pressed film is found in good agreement with respect
to conductivity which indicates that ionic transport
takes part in the hot pressed synthesized polymer
electrolyte system. These results suggest that film
prepared by hot press is a viable candidate for all
solid state batteries and fuel cells and can be used as
polymer electrolyte in dye sensitized solar cells.
4.
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fu’d’kZ
xeZ izsl fof/k }kjk rS;kj ,e-,e-Vh 99 {90 PEO- 10 LiAc}:
dh cgqyd bySDVªksykbV~l fQYeks ij ,d v/;;u fd;k x;k
gSA blds ifj.kkeksa ls irk pyrk gS fd ikWyhej vkWDlkbM
vk/kkfjr ikWyhej bySDVªksykbV fQYe ds xq.kksa dks ,e,eVh
ikmMj ds vykok Hkjko eqDr ikWyhej bySDVªksykbV~l }kjk
c<+k;k x;k gSA xeZ izsl fQYe dh vk;fud pkydrk vPNh
nîkk esa pkydrk ds lkFk ik;h x;h blls ;g ladsr feyrs gSa
fd vk;fud ifjogu xeZ izsl la’ysf”kr cgqyd bySDVªksykbV~l
iz.kkyh esa fgLlk ysrk gSA bu ifj.kkeksa ls ;s lq>ko feyrsa gS
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fd xeZ izsl }kjk rS;kj fQYe lHkh Bksl cSVjh vkSj bZa/ku dh
dksf”kdkvksa ds fy, ,d O;ogk;Z mRifŸk gS vkSj MkbZ voxr
lksyj dksf”kdkvksa esa cgqyd bySDVªksykbV~l ds :i esa bLrseky
dh tk ldrh gSA
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=qfV ds nkSjku eSVySc/fleqfyad esa ,lohlh }kjk iou QkeZ dh fLFkjrk lq/kkj fo'ys"k.k
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lkjka”k
bl ys[k i= esa fxzM&lkbM xM+cM+h vFkkZr~ rhu Qst okyh 'kkVZ lfdZV =qfV ds ckn fxzM oksYVst dks fLFkj
djus ds ç;kstukFkZ iou QkeksaZ ds lkFk LVSfVd okj dEisUlsVj ¼,lohlh½ ds mi;ksx dk v/;;u fd;k x;k gSA
LD;qjsy dst baMD'ku tsujsVjksa ¼,llhvkbZth½ ij vk/kkfjr iou QkeksaZ dh ç.kkyh fLFkjrk dh tkap dh xbZ gSA
vlaxfriw.kZ çpkyu dh ç—fr ds dkj.k] LD;qjsy dst baMD'ku tsujsVjksa ¼,llhvkbZth½ ij vk/kkfjr iou QkeksaZ dh
ç.kkyh vfLFkjrk eq[;r;k =qfV ds nkSjku çkIr dh xbZ vR;f/kd jksVkj fLyi ds dkj.k =qfV ds ckn ,llhvkbZth
}kjk vR;f/kd çfrfØ;kRed fo|qr vo'kks"k.k ds dkj.k mRiUu gksrh gSA ,lohlh ds dk;Zfu"iknu dk fo'ys"k.k djus
ds fy,] ,d baMD'ku tsujsVj vk/kkfjr iou QkeZ ij fopkj fd;k x;k gSA fo|qr ç.kkyh esa lfEefyr ,lohlh
dh iw.kZ fMftVy çfr—fr dks eSVySc/fleqfyad ifjos'k esa fu"ikfnr fd;k tkrk gS vkSj çLrkfor Vksiksy‚ft dh
O;ogk;Zrk dks lR;kfir djus ds fy, ifj.kkeksa dks çLrqr fd;k tkrk gSA
Abstract
This paper studies the use of a Static Var Compensator (SVC) with wind farms for the purpose of
stabilizing the grid voltage after a grid-side disturbance viz., a three phase short circuit fault. System
stability of wind farms based on squirrel cage induction generators (SCIG) are investigated. Due to
the nature of asynchronous operation, the system instability of wind farms based on SCIG is largely
caused by the excessive reactive power absorption by SCIG after fault due to the large rotor slip gained
during fault. To analyze the performance of SVC, an induction generator based wind farm has been
considered. The complete digital simulation of the SVC incorporated into the power system is performed
in the MATLAB/SIMULINK environment and the results are presented to validate the feasibility of the
proposed topology.
Keywords: Induction generator, wind farm, SVC, system stability, flexible AC transmission systems
(FACTS)

1.

Introduction
With the synchronous wind generators as research
object, this paper analyzes the problems of voltage
stability and the generation mechanism of the reactive
power compensation during the wind farms connected
operation. The wind farms supply the active power
to the grid when the wind turbines are connected to
the grid, but at the same time, the reactive power is
absorbed from grid, which would bring the reactive
burden to the grid. Therefore, it is necessary to
compensate the reactive power for grid-connected wind
farm to eliminate the effects of voltage fluctuations
which is caused by reactive power loss in grid and
would lead to tripping operation of turbines. And the
sufficient amount of reactive power compensation is
needed to improve the safety and stable operation of
the power grid.

Currently, the method of connecting the asynchronous
generator and capacitor banks in parallel permits is
mostly used for wind farm reactive power compensation.
However, with the rapid development of power electronics
technology, this traditional reactive power compensation
shows some obvious drawbacks and connecting the
flexible AC transmission system (FACTS) to the
wind farm to improve the operation characteristics
becomes a necessity. And in this paper, the method
with Static synchronous compensator (SVC) is proposed
to compensate the reactive power in dynamic process
to improve the operation condition of wind farm 3.

2.

AN OUTLINE OF FACTS DEVICES
Eventually FACTS devices found applicability in
the wind power industry. It was found that providing
earlier wind power plants with some external reactive
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compensation devices such as SVC or STATCOM, the
grid compliance can be met, and thus the wind power
plants could remain connected to the power system
without stability risks 4.

3.

A Static VAR Compensators (SVC)
SVCs being dated from early 70s, have the largest
share among FACTS devices. They consist of conventional
thyristors which have a faster control over the bus
voltage and require more sophisticated controllers
compared to the mechanical switched conventional
devices. SVCs are shunt connected devices capable
of generating or absorbing reactive power. By having
a controlled output of capacitive or inductive current,
they can maintain voltage stability at the connected
bus 4.
Figure 1. shows these configurations: the Thyristor
Controlled Reactor (TCR), the Thyristor Switched Reactor
(TSR) and the Thyristor Switched Capacitor (TSC) or
a combination of all three in parallel configurations.
The TCR uses firing angle control to continuously
increase/decrease the inductive current whereas in
the TSR the inductors connected are switched in
and out stepwise, thus with no continuous control of
firing angle 4.
Usually SVC’s are connected to the transmission
lines, thus having high voltage ratings. Therefore the
SVC systems have a modular design with more thyristor
valves connected in series/ parallel for extended voltage
level capability 4.

Figure 1. svc configurations and its i-v characteristics.

To provide the needed reactive power generation/
consumption in the network SVCs adjust the conduction
periods of each thyristor valve. For an SVC consisting
of one TCR and one TSC, assuming that both reactor
and capacitor have same pu ratings then the following
scenarios can occur:
•
Reactive power is absorbed when the thyristor
valve on the reactor leg is partially or fully
conducting and the capacitor leg switch is off.
•
Reactive power is generated when the thyristor valve
on the reactor leg is in partial or no conduction
mode and the capacitor leg switch is on.
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•

No reactive power is generated/absorbed if both
the thyristor valve is not conducting and the
capacitor switch is off.
The voltage-current (V-I) characteristic of an SVC
with the two operating zones is shown in Fig.1. A
slope around the nominal voltage is also indicated
on the V-I characteristic, showing a voltage deviation
during normal operation, which can be balanced
with maximum capacitive or inductive currents. As
the bus voltage drops, so does the current injection
capability. This linear dependence is a significant
drawback in case of grid faults, when large amount
of capacitive current is needed to bring back the bus
nominal voltage 4.
The technology of SVC with thyristor valves
is becoming outdated mainly due to the slow time
responses, of injected current dependence on bus
voltage and low dynamic performance.

4.	TEST SYSTEM
The single line diagram of a test system employed
in this study is shown in Fig. 2 . The network consists
of a 33 kV, 50 Hz, grid supply point. A wind farm
of 110 kW is integrated with a power grid of 33 kV
by a three phase transformer of 400V/33 kV, 110
kVA. There are two loads in the system; one load of
50 kW which is connected to 33 KV grids through
another step down transformer of 33 kV/400 V, 250
kVA and another load of 2 kW at 6 km away from
each other. The 33 KV, 6 km long line is modeled
as line. Used generator in this model is squirrel cage
induction generators and stator windings are directly
connected to the grid. This grid is used to study and
analyze machine and wind farm stability. Dynamic
compensation of reactive power is provided by a SVC
located at the point of wind farm connection. Here
we study using MATLAB simulation:
1. Induction generator stability conditions study
without using SVC.
2. Induction generator stability conditions study with
using SVC.
In this study, initially, induction generators required
reactive power is considered by capacitor bank connected
to 400V terminals at 400 KVAR rate. It's obvious that
in system different conditions more reactive power
demand is provided by grid. A three- phase short
circuit occurred at 1.0 seconds to 3.5 seconds.

Figure 2. Single line diagram of test system.
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Figure 3. Simulink model of wind farm with SVC.

When we consider the above model under fault
condition the system becomes unbalanced and uncontrolled
in case of normal operating condition the output
waveform as shown in Fig. 4 during fault condition
without use of SVC.

Figure 6. active and reactive power at bus-2 without SVC.

Figure 4. 	Output waveform under fault condition when capacitor
bank in use.

Figure 5, shows the voltages at Bus-1 and Bus-2
(voltage vs time) during the operation of without SVC
located at the point of wind farm connection.

Figure 5. voltages at bus-1 and bus-2 without svc.

To overcome the difficulties arrived in case of
power control by only use of capacitor bank, the
following model is structured using SVC (Fig.7).The
comparative result, i.e., rotor current vs time, stator
current vs time, rotor speed Vs time and electromagnetic
torque Vs time (sec) has been shown in Fig. 9 for
the system.
Figure 8, shows the voltages at Bus-1 and Bus-2

Figure 7. Power flow output waveform under fault condition
when SVC in use.
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(voltage vs time) during the operation of with SVC
located at the point of wind farm connection. It is
shown that the voltage at Bus-2 drops to very low
value of 0.62 pu due to insufficient reactive power
but this voltage improved to 1.0 pu when SVC is
incorporated in the system. Thus the voltage and
hence power quality improvement/ stability with
static compensator on grid Integration of wind energy
system is improved.

three phase fault is consider by using MATLAB
Simulation. As we know the important characteristics
of induction generator that it gives active power to
grid and absorbs reactive power from the grid. So to
fulfill the needs of reactive power the most suitable
candidate of FACTS devices is SVC. Results clearly
show that SVC improves the stability of the wind
farm system.

fu’d’kZ

Figure 8. Voltages at bus-1 and bus-2 with SVC.

Figure 9. Active and reactive power at bus-2 without SVC.

The following resultsas given in Table 1 has
been observed:
Table 1. Parameters of simulated induction generator
Rated power

110 KW

Stator voltage

400 V

Rs (stator resistance)

0.01481 pu

Rr (rotor resistance)

0.008464 pu

Ls (stator inductance)

0.04881 pu

Lr (rotor inductance)

0.04881 pu

Lm(mutual inductance)

2.241 pu

Number of pole pairs

2

Inertia constant

0.258

SVC

110 KVA

6.	CONCLUSION
In our study we consider the squirrel cage induction
generator based wind turbine. We consider the four
parameters, i.e. rotor current, stator current, rotor
speed and electromagnetic torque and the effect of
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vius v/;;u esa geus LD;qjsy dst baMD'ku tsujsVjksa
¼,llhvkbZth½ ij vk/kkfjr iou VckZbu ij fopkj fd;kA
geus blds pkj ekunaMksa ij fopkj fd;k] vFkkZr~ jksVkj djaV]
LVSVj djaV] jksVkj xfr vkSj fo|qrpqacdh; VksdZ vkSj rhu
Qst =qfV ds çHkko ij eSVySc fleqys'ku dk ç;ksx dj fopkj
fd;k x;kA tSlkfd ge tkurs gSa fd baMD'ku tsujsVj dh ,d
egRoiw.kZ fo'ks"krk ;g gS fd ;g fxzM dks lfØ; 'kfä çnku
djrk gS vkSj fxzM ls çfrfØ;kRed 'kfä vo'kksf"kr djrk gSA
vr%] çfrfØ;kRed 'kfä dh t:jrksa dks iwjk djus ds fy,]
,Q,lhVh,l ;qfä;ksa dk lokZf/kd mi;qä ik= ,lohlh gSA
ifj.kke Li"Vr;k n'kkZrs gSa fd ,lohlh iou QkeZ ç.kkyh dh
fLFkjrk dks c<+krk gSA
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vkosf”kr d.k dh Roj.k vkSj fo|qr pqEcdh; {ks= ds varj ls cuk, x,
fo|qr tujsVj dk fMtkbu
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lkjka”k
vk/kqfud nqfu;k esa] fctyh gekjs thou ds fy, vko”;d gSA eq>s ,d yEcs le; rd pyus okyk ,oa mPp
VkdZ dk;Z{kerk okyk ÅtkZ L=ksr cukus esa :fp gSA D;ksafd gj ckj mi;ksx ds ckn gesa nqckjk rsy Hkjuk iMrk
gSA blls rsy dh ekax c<rh gSA vkSj okf.kT;d valrqyu gksrk gSA lkbDyksVª‚u midj.k vkSj vfHko`f) fMLd
us bl vkys[k ds fy, çsj.kk nhA fo|qr pqEcdh; {ks= ds cy dh fofHkUurk vFkok fdlh fo”ks’k {ks= esa etcwr
xq#Rokd’kZ.k {ks= de xq#Rokd’kZ.k {ks= ds /kwedsrq] {kqæxzg] xzgksa vkSj rkjksa dks vkdf’kZr djrk gSA ;g bl çfØ;k
dh otg ls ,d vfHko`f) fMLd cukrk gSA lkbDyksVª‚u midj.k vkosf”kr d.k dks rhoz dj fLFkj etcwr fo|qr
pqEcdh; {ks= ykbuksa ds lkFk mPp vko`fÙk ds lkFk jslksusUl pqacdh; {ks= ykbuksa ds e/; lfiZy ekxZ ds ek/;e
ls igqaprk gSA ;g vkys[k etcwr fo/kqr pqEcdh; {ks= ds lkFk de fLFkj pqEcdh; {ks= vkSj fLiu pqEcdh; d.k
dh enn ls Likjy xfr dks çkIr djuk laHko gS fd ppkZ djrk gSA ;g xSlh; voLFkk esa tjusVj ds jksVj dks
fo”kky ifjlapj.k çnku djrk gSA fdlh fo”ks’k {ks= esa] etcwr fo|qr pqEcdh; {ks= dks de fo|qr pqEcdh; {ks=
ds fu;a=.k esa j[krk gSA
Abstract
In the modern world, the electricity is an essential for our lives. There is a need to make a energy
source for long time duration with high torque performance because we need to refilling the fuel every
time of usage it’s increase the demand of fuel and economical imbalances. The Cyclotron device and
Accretion disc was inspiration to this article. The force variation of electromagnetic field otherwise in
particular region the strong gravitational field attracts the low gravitational field of comets, asteroids,
planets and stars too. This thing creates an accretion disc due to the infalling process of matter. The
Cyclotron device creates the acceleration of charged particles among the strong static magnetic field
lines with high frequency of electromagnetic field lines of resonance through the Spiral Path. This article
discusses about the strong electromagnetic field with low static magnetic field can be used to achieve
the spiral motion with the help of spin magnetic moment its give a enormous circulation to the rotor of
the generator in the gaseous state. In particular region, the strong electromagnetic field keeps under the
control to the low electromagnetic pulses or field.
Keywords: Spiral motion, acceleration of charged particle, perpetual motion, magnetic repulsive pump,
spin magnetic moment, power generator, EMF – Electromagnetic field

NOMENCLATURE
H	Magnetic field Iintensity
B	Magnetic field
m	Mass of the particle carrying charge
v	Velocity of charge particle
v_S
Perpendicular component of velocity
B_S
Static magnetic field.
B_E
Electrode magnetic field

T
Time period of revolution
p
Pitch of helical path
µ
Permeability
E
Electric field strength
V	Volume of fuel gas
T
Temperature of fuel gas
q
Electric charge
P
Power density per volume
φ
Magnetic flux
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ω
Angular frequency
ε_r ^’’ Imaginary part of the complex relative
		
permittivity of the absorbing material
ε_0
Permittivity of free space
r_g	Gyroradius
m 	Mass of the particle

1.

INTRODUCTION
Generally the power generator uses refilling fuel
as petrol, diesel, biogas, and hydrogen etc. I would
like to build the particle accelerator as a power
generator for long life time duration usage. I want
to run the generator rotor using the acceleration of
charged particles in spiral motion and infalling of
atoms technique. The recent studies have shown the
particle acceleration focus on the world major issues
of progress.
I believe, the circumstance of a low static magnetic
field exerts a spiral motion on the strong effect of
differences of electromagnetic field otherwise on any
applying forces there will be opposite reactive force
likewise the fast moving charged particles carrying
the magnetic flux similarly, the continuous motion of
magnets also carry the electric field. So, the magnetic
and electric field is dependent on each other. Then
the strong electromagnetic field force (Static Magnetic
Lines) pulls the high frequency of Dee’s electromagnetic
field force. There will be an opposite reaction rise to
electric field then the resonance gives the acceleration
of charged particles thus creates a spiral path.
2.	PRINCIPLE OF OPERATION
The Cyclotron device and accretion disc form is
working on same theory. The Strong Electromagnetic
Field (Gravity & Static Magnetic Lines) keeps under
the control of Low electromagnetic field. The strong
EMF attracts the high velocity of low EMF forces
due to the collision of low EMF forces to bring an
acceleration of charged particles form an accretion
disc. The high velocity equals to the high frequency
of low EMF (Dees) in cyclotron thus thing brings
the spiral path.
According to this theory, the differences of
electromagnetic field bring the spiral path due to the
acceleration of charged particles. The Helium atom is
moving much faster than other particle in temperature.
The Helium, Hydrogen and mixture of gas compound
ratio using as a fuel. The gas fuel ratio has been under
the R&D work. The gas fuel carries the spin magnetic
moment to form a low electromagnetic field pulses.
The propagator produce the strong electromagnetic
field and acceleration of charged particles.
The low static magnetic field has support through
the spin magnetic moment of gas fuel and longitudinal
spiral path motion due to the compressed gas having a

very tight molecule of atoms. The alternating electric field
creates the Strong EMF in Dee’s and the acceleration
of charged particles brings the spiral motion around
the propagator pulls the low EMF (Spin magnetic
moment) of gas atoms due to the infalling process.
The centralized rotor will rotate by a spiral motion.
The rotor shaft connects with Generator and gives an
electric output. This system gives too much heat so
we can use thermocouple generator to improve the
performance and output level.

3.	THE MAJOR COMPONENT & FUNCTIONS
•
Power Production Unit
•
Fuel Tank
•
Generator
3.1	Power Production Unit
The Power Production unit is a major component
on this system. It depends upon the fuel of gas, Marx
generator and Magnetic repulsion pump mechanism.
The Helium, Hydrogen and mixture of specific gases
in combined ratio form used as a fuel. Helium is
a very good conductor of electricity it’s having a
heating capability at the level of Plasma. In a room
temperature, helium atoms may be moving much
faster than other particles. In this process, the fuel gas
maintained the gaseous state of temperature range as
500 oC to 1200 oC. However, once the applied electric
field approaches the breakdown value, free electrons
become sufficiently accelerated by the electric field
to create additional free electrons by colliding, and
ionizing, neutral gas atoms or molecules in a process
called avalanche breakdown.
The heated gas fuel contains enough mobile
electrons and positive ions to make it an electrical
conductor. In the process, the Marx Generator and
op-amp gives high frequency of voltage and high
ampere current as the output. This output current
passes through high frequency oscillator to convert
the dc pulse into ac current then applying input to
the electromagnetic propagator.
Each particles are accelerated by a flow of electric
current still the acceleration value of charged particles
is between the variation through the atoms fall into
disc rotating motion to form a spiral motion.
The power production unit is work by a three
major Principles such as, the mechanical energy
converted into to electrical energy, Spiral motion
and thermocouple mechanism. The Spiral motion was
achieved by a differences of electromagnetic field and
spin magnetic moment of atoms.
According to the magnetic mirror effect, anytime
the charged particle is reflected from a high density
magnetic field to low density magnetic field. This
effect was handled by an angle of approach and
applying limited velocity.
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In this progress the voltage takes the responsibility
of velocity limit. The Rotor Blade having 30 o angle
of arc shape is taking the responsibility of angle of
approach. So the magnetic mirror effect also support
to the rotor motion.
According to the Maxwell’s Equation – II from
Faraday’s law in a differential or Point form, the
electromotive force around a closed path is equal to
the magnetic displacement (flux density) through that
closed path. So the electric voltage around a closed
path is equal to the magnetic current through the path
that is creating a helical motion of rotation.
According to,

But,
v = E.dl

∫

d

∫ E.dl = − dt (∫ ∫

s

B.ds )

B = µH

∂B

∫ E.dl = − ∫ ∫ dt .ds
∂H

∫ E.dl = −µ ∫ ∫ ∂t .ds
According to the Charlie law of volume states
that, when the pressure on a sample of a dry gas in
held constant, the Kelvin Temperature and the volume
will be directly related.
Constant Pressure, V ∞ T
We can maintain at the rate of constant pressure and
Temperature Level to the fuel that kind of atmosphere
conditions might be improve the useability period of
fuel.

According to my concern about the Fig. (1),
the spiral motion is considered as a glass of water
rotating by a stick in the motion of same direction
and variance level of applying forces. Likewise the
gas fuel act as a water and the applying frequent
voltage of electrons can be able to control the velocity
of acceleration of charged particles level. The rotor
disc connects with shaft is run by a generator so
mechanical energy converts into electrical energy.
Thermoelectric generator generates the electricity due
to the temperature differences. The Power Production
unit contains four level of layers such as,
High magnetic field layer
Ceramic layer
Heat shield
Non–Magnetic stainless steel layer
In this Fig. 1, the magnetic repulsive force using
as pump motion its push the highly compressed gas
passes through a closed system of wheel motion instead
of we can use by a similar model of Gas Turbine
generator model. The high frequency of alternating
voltage will be creating the linear and stable spiral
motion The Marx Generator is able to produce a
high voltage of DC Supply. This high voltage of
electrons gives strong electromagnetic field then the
spin magnetic moment carried out by a gas fuel act
as a low electromagnetic field as a result, the spiral
motion was achieved by a infalling process of gas
otherwise the strong EMF attracts with low EMF
it’s given a equal and opposite magnetic field to
create a spiral motion. The Disc revolution (rpm) is
depends upon the pressure level of gas and intensity
of electrons in the spiral motion.

3.1.1 High Magnetic Field Layer
It’s having two different types such as,
Uniform Magnetic Field
Non- Uniform Magnetic Field

Figure 1. Block diagram of vehicles model power generator.
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the high conductivity of metals acts to screen out the
electromagnetic field.

Figure 2.	Helmholtz coil model of uniform magnetic field
layer.

4.	Motion of a Charged Particle in
Uniform Magnetic Field
Motion of a charged particle in magnetic field
is characterized by the change in the direction of
motion due to the ac current. The motions of charged
particles create a form of spiral motion.

Figure 3.	D r i f t o f A p a r t i c l e i n a m a g n e t i c m i r r o r
configuration.

5.1	Magnetic Repulsive Pump
The magnetic repulsive pump is working as a
perpetual motion device. This force gives the input
through a closed system of wheel motion systems.
The magnetic repulsion pump has a two bar magnet
connecting with Pistons in between placed at third bar
magnet create a continuous motion due to the gradient
path and low temperature. The Magnetic Repulsive
Force pushes the Piston simultaneously in left and
right vice versa act like a perpetual motion. So the
Cold inert gas passes through a high pressure level
(HPL) to low pressure level (LPL) but this system
running under much more heat so we use specific
combination of inert gases for pressure and reliable
wheel motion. The magnetic repulsion force varied
by a following reason such as,
• 	Heat
•
Distance of Track Plate
•
Piston weight
•
Friction of Carriage
The heat will reduce the magnetic flux so it will
affect the repulsion force level in the pumping motion
so we use non magnetic stainless steel coating with pure
indium material used to cover magnets and chamber
it’s helps to reduce heat effect. The low temperature
lubricants use to avoid the friction heat of carriage
of magnet show that below Fig. 4.

4.1	Helmholtz Coil
A Helmholtz coil is a device for producing a
region of nearly uniform magnetic field. It consists
of two solenoid electromagnets on the same axis.
Besides creating magnetic fields, Helmholtz coils
are also used in scientific apparatus to cancel external
magnetic fields, such as the Earth’s magnetic field.
10 stage of marx generator will be produced at 600
kV of DC current.
5.	Helicon – Non Uniform Magnetic
Field
A helicon is a non-uniform magnetic field device.
This discharge is an excitation of plasma by helicon
waves induced through radio frequency heating. The
presence of this magnetic field creates a helicon mode
of operation with higher ionization efficiency and
greater electron density. We can able to control the
RF heating range then this design adopts to work out
well. For Dielectric heating , generated power density
per volume is given by, P= we r”.e 0.E 2 .
Helicons have the special ability to propagate
through pure metals, given conditions of low temperature
and high magnetic fields. Most electromagnetic waves
in a normal conductor are not able to do this, since

Figure 4. A Magnetic repulsion pump

The distance of track plate is increased its reduced
the speed of piston movement because of the perfect
distance and light weight heavy magnetic field create
a extreme piston motion in the chamber that can be
able to give the high pressure to the wheel.
The piston is connecting with each magnet back
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Figure 5. A piston positions in the chamber.

end then its weight must be less than 60 to 80 % of
magnet weight so we construct the piston in 20 to
40 % of weight. That kind of weight less piston can
be able to move rapidly at the same time the nonmagnetic stainless steel chamber fit with Piston. The
piston crown surface is much higher than stainless
steel chamber but that is fit with outer chamber as
its result, the outlet gas pressurized level will be
increased.
The magnetic repulsive pump has a unique valve
for inlet and outlet. These valve transfers the cold
gas and the single valve and tube of stainless steel
connect through the Closed System of wheel motion
systems.
Distance ∞ 1/ Efficiency

5.2	Charged Particles of Propagator
A Marx generator is an electrical circuit. Its
purpose is to generate a high-voltage pulse from a
low-voltage DC supply. The circuit generates a highvoltage pulse by charging a number of capacitors in
parallel, then suddenly connecting them in series. The
high output current op-amp is output given to the input
of Marx generator is connecting at the high frequency
of oscillator. We can create a high voltage and high
current output it’s make an enormous output.
The propagator has a high conductivity of electrode.
It’s fixed with parallel to static magnetic field in
one end of chamber. The electromagnetic field is 3
dimensional. The low static magnetic field B S is
perpendicular to the electrode magnetic field B E.

The 6 Dee’s of electrode used for the electromagnetic
propagator. The cyclotron is working principle used
by the propagator model. The acceleration of charged
particles is accelerating by an alternating current.
The 6 Dee’ of 3 combos was using by the
Propagator. Each combo of Dees is placed at face
to face with narrow gap. The narrow gap distance is
varied by a millimeter level in each combo of Dees.
The alternating current passes through a 2 section of
Dees in the manner of 1, 2, 3 and 1’, 2’, 3’. The each
section having an individual serial connection and the
delay system depends upon the current flow crossing
range of Dees in 1, 2 3 and 1’, 2’, 3’. The spiral path
exerts a force on the propagator and infalling process
of spin magnetic moments of atoms support by the
low static magnetic field. The power generator design
having a compressed gas, heat, pressure and spin
magnetic moment they re-encounter the accelerating
voltage many times that’s the reason to we use low
static magnetic field. This article’s ultimate goal
is, in the gaseous state applying the electricity try
to achieve the infalling process of spiral motion. I
would like to construct this design. The rotor must
be coated with Mercury. The Mercury (Hg) improves
the electromagnetic field acceleration.
The rotor design and angle of etches value depends
at the gyroradius value.

BS ⊥ BE

Figure 7. The design of rotor.

Figure 6. The propagator.
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5.3	Ceramic Layer
A ceramic material is the any inorganic crystalline
material, compounded of a metal and a non-metal.
It is solid and inert. Ceramic materials are brittle,
hard, and strong in compression, weak in shearing
and tension. They withstand chemical erosion that
occurs in an acidic or caustic environment. In many
cases withstanding erosion from the acid and bases
applied to it. Ceramics generally can withstand very
high temperatures such as temperatures that range from
1,000 °C to 1,600 °C (1,800 °F to 3,000 °F). This
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kind of high temperature superconductivity of ceramic
materials used in this system that does improve the
performance such as,
YBaCuO superconductors
Bi-, Tl- and Hg-based high-Tc superconductors
This Ceramic layer connects with thermocouple
mechanism for variance of temperature to generate
electricity. Thermoelectric generators are devices that
convert heat (temperature differences creates an electric
potential or an electric potential creates a temperature
difference) directly into electrical energy, using a
phenomenon called the Seebeck effect. The maximum
efficiency is depends upon the constant temperature
value so we can maintain the temperature range as a
higher and stable, its output value is also high.

5.4	Heat Shield
A heat shield is designed to shield a substance
from absorbing excessive heat from an outside source
by either dissipating, reflecting or simply absorbing
the heat. It is often used as a form of exhaust heat
management.
However, the appearance of a new generation
of carbon fiber consisting of glass-ceramic matrices
resulting from the polymerization of inorganic polymers
presents some interesting options for Formula One
teams. These inorganic polymers are derived from
alumino-silicate-based geopolymeric systems and, as
such, differ significantly from both organic polymers
and conventional ceramic matrices. The result is a
lightweight alternative to metals and other materials
for heat shields, ducts and other components exposed
to temperatures of between 300 and 1000°C. So
the device is easy to handle and maintained by an
atmospheric heat. We can improve the performance
level of this system by using these materials as a
heat shield; the Reinforced carbon–carbon (RCC) 1,260 °C (2,300 °F), LI-900 Silica ceramics -1260
°C and Flexible Insulation Blankets (FIB) - 649 °C
(1,200 °F).
5.5	Non-Magnetic Stainless Steel
The stainless steel is a relatively poor conductor
of electricity, with a few percent of the electrical
conductivity of copper. Ferritic and martensitic stainless
steels are magnetic. Austenitic stainless steels are
non-magnetic.
A non-magnetic stainless steel having a very low
heat resistance then it’s coating with 99.9% of pure
indium. This indium is used to maintain the stainless
steel temperature at lower level.
5.6	Fuel Tank
The fuel tank is having a two separate chamber.

First one acts as storage tank and second chamber
acts as a wastage tank. This fuel tank is connecting
with a heated fuel gas chamber. This chamber made
a highly heated fuel gas with the help of fuel tank.

5.7 Generator
Electric generator is a device that converts mechanical
energy to electrical energy. A generator forces electric
current to flow through an external circuit. The source
of mechanical energy is a rotating disc using SCW
reaction. Generators provide nearly all of the power
for electric power grids.
6. 	FUTURE WORK
The acceleration value of charged particles variation
in-between the particles through the matter fall into
black hole to form a spiral disc form this kind of
energy device will be used as a power absorber.
An interaction between the electromagnetic field
of laser pulses and radio waves and dark matter of
connections will be able to lift the object this system
will be using to rescue rope and many commercial
applications. We will create reliable power absorption
using a helium and hydrogen atoms pass through a
static field and activate around the another atoms
emissive energy in space its combined by a sonic
waves that output act as virtual particle accelerator
will be using in a rocket propellant in space and the
variation of particle pressure level of absorber model
will be control the atmospheric damage of bomb,
Rockets, etc.
7. 	CONCLUSION
In this paper bullet proof shields design is proposed
by avoid the physical damage of soldiers and vehicles
improve the chance to survive in battle field The
Power Generator is an excellent choice of energy
source to run the vehicles.

fu"d"kZ

bl vkys[k esa cqysV çwQ <ky dk fMtkbu çLrkfor fd;k
x;k gSa ftlls lSfudksa vkSj okguksa dks HkkSfrd uqdlku ls
cpk dj yM+kbZ ds eSnku esa thfor jgus ds fy, ekSds dks csgrj
cuk;k tk ldsA ikoj tsujsVj okgu ds ÅtkZ lzksr esa “kkunkj
fodYi gSA
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Abstract
With the development and demand of power electronics devices in this modern age the power
quality issues are becoming challenging. This problem is arising due to the nonlinear behavior of the
power electronic devices. These devices affect the controlling and handling of power quality issues.
The advancement in FACTS devices, with different strategies in different area we are getting some
improvement in solving power quality issues. This paper discusses the impact and depth that how to
enhance the power quality by using D-STATCOM by reviewing the past literature published on the
various types of design and configuration, i.e, CSI based, VSI based PWM based, etc.
Keywords: power quality, voltage vtability, D-STATCOM, VSI, VSC

Nomenclature
STATCOM	: Static Synchronous Compensator
FACTS
: Flexible AC Transmission System
SPWM	
: Sinusoidal Pulse Width Modulation
VSC
: Voltage Source Converter
CSI		
: Current Source Inverter
1.

Introduction
Electrical energy is very convenient form of energy
to change into various forms of energy for different
purposes as lighting, heating, cooling and for number
of applications. Therefore the consumption of electricity
increasing day by day throughout the world, hence
nowadays there is needed to focus on power quality
issues to solve the economic challenges with the
power system throughout the world. The term power
quality describes by the magnitude and waveforms of
the voltage and current in power system, for standard
power quality means voltage should be within the
limit and waveform should not be distorted.

2.	Non-Linear Loads
Distorted waveforms, i.e, harmonics occur in AC
power systems when the sinusoidal waveform distorted
by nonlinear loads, and it occur in the power system
if the resistance is not constant and varying during
each sinusoidal waveform 10, resulting in both positive
and negative half cycles. Therefore these pulses or
waveform can produce additional pulses to the original
waveform.
In this modern age the almost all equipment or
load is made up of semiconductor devices, which are
less sensitive of voltage fluctuations 11, but it may get
damage therefore there is need for better power quality
improver technology and devices, nowadays because
of advancement of FACTS controllers somewhat got
success in this area of power system, in which of
controllers one is DSTATCOM which is using to
compensate the reactive power by which the power
quality is improved somewhat.
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3.	DSTATCOM
It is a FACTS device which is installed for the
support of electricity networks which have poor power
factor and voltage regulation also, commonly it is
use for the stabilization of voltage and to improve
power factor of that network. It is a voltage source
converter based device.
4. Literature Background
4.1	Operation of a DSTATCOM in Voltage Control
Mode
This paper1 presents the various operating principles
of DSTATCOM which is used to maintain the voltage
of a distribution bus. For this case study a three phase
four wire system is considered. The inverter supplied
by two dc capacitors realizes the DSTATCOM. In
distribution systems there are many compensating
devices. But in radial system due to the unbalanced
load in any part of the system the consumer at that bus
suffers the distorted voltage which results in harmonics
and voltage instability. In such a case the DSTATCOM
reduces the harmonics and balances the bus voltages.
In this method the DSTATCOM is connected at the
PCC and the DSTATCOM is used in voltage control
mode at this bus. The DSTATCOM is realized by a
two level neutral clamped VSC and a filter is used
in parallel with VSC. There is a switching variable
say “u” having values -1 and +1. There are two dc
storage capacitors whose voltages are always maintained
as constant. When the switch is closed the voltage
of the inverter is positive maximum and when the
switch is open the output is negative maximum. The
switching variable u is obtained from the hysteresis
action around zero. The dc storage capacitors supply
the DSTATCOM such a way that the average of the
real power entering the PCC from source to satisfy the
total load and losses in the DSTATCOM. The lower
limit of the voltage is decided by the angle and the
upper limit is decided by the voltage rating and the
dc capacitors. By assuming that voltage across each
capacitor is V then after adding the total voltage
across the dc link will be 2V. If this value deviates
from the reference value then it means there are losses
in the system.
Then we add the total capacitor voltages and
compare with the reference value. This is considered
and error signal and given as input to the controller.
The controller generates the corresponding signals such
that the voltage is balanced. The simulation results are
observed in unbalanced cases. The voltages in case of
unbalanced and distorted source voltage are observed as
phase a: 360 V (peak) and 15 % third harmonic, phase
b: 432 V (peak) and 16 % third harmonic, phase c:
288 V (peak) and 8 % third harmonic. THD in phase
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A of source voltage is 15 %, in terminal voltage of
phase A is 0.95 %, in remaining two phases it is 1 %.
The simulation results showed that the DSTATCOM
is able to common point (PCC) against disturbances
both in load side and source side.

4.2 Application of DSTATCOM compensators for
Mitigation of Power Quality Disturbances in low
Voltage Grid with Distributed Generation
This paper2 discusses the capability of the DSTATCOM
to compensate the PQ problems occurred due to the
loads and the DERs. Different types of DG technologies
are being used now a days. By grouping all DVRs
into the grid causes certain difficulties regarding power
quality. To solve this problem a typical overhead rural
network is taken and studied and the results obtained
are implemented accordingly. Radial low voltage grid
is supplied from a distribution transformer 20/0.4KV
of nominal power 63 KVA. Medium voltage section is
isolated but generally acts as a radial one. High voltage
network has a meshed configuration and is represented
by two transmission lines which are supplying the
distribution system. Load devices distributed along
LV feeders are as follows: Loads 2÷5 – three-phase,
balanced, of total constant power equal 30 kW and 12
KVAR Load 1 - single-phase (connected in phase C)
of maximum power equal 4 kW and 1,5 KVAR. The
best results can be obtained when the compensator is
installed near to the disturbing device.
Therefore this study is based on the design that
the DSTATCOM is placed or connected parallel to the
DERs. DSTATCOM is built around a 3-phase 6-pulse
voltage source inverter, connected to the network by a
dc capacitor through a reactor. The inverter consists of
switches which are fully controllable. The DSTATCOM
injects a set of three unbalanced currents into the
network and hence the current in the network becomes
sinusoidal. The media here used in the simulation is
PSCAD/EMTDC program environment. Short circuit
power on the high voltage side of the transformer is
assumed as 100 MVA, π type circuit is considered.
After analyzing it is observed that the time of results
aggregation was reduced to 0.5 seconds and period
of observation also reduced to 30 seconds in case of
PQ deviations and in case of compensation of dips
coming from the supply side by the assumption of
fault duration time to be 0.2 seconds, it results in
the protection operation. By carrying the simulation
and observing the results in various cases it is proved
that DSTATCOM is efficiently overcoming the PQ
problem.
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4.3 Impacts of AC Generators and DSTATCOM
Devices on the Dynamic Performance of
Distribution Systems
As we are using the machines like induction machines
and synchronous machines along with the DSTATCOM
there are certain influences of these on the dynamic
behavior of the power system. This paper 3 deals with the
influence of this equipment on the dynamic behavior of
the distribution network. The DSTATCOM is modeled
as a voltage controller and power factor controller and
the results are analyzed. The DSTATCOM connected
in shunt with the distribution network consists of a
3 phase VSI in turn connected through a coupling
transformer. By implementing this configuration the
reactive power can be generated or absorbed by this
device and also this power is controllable as we are
using VSI. Usually the rotating reference frames offers
high accuracy than the stationary reference frames.
So the voltage controller here employs dq0 rotating
reference frame. Three phase currents are induced
by the DSTATCOM into the network to satisfy the
reactive power in the network. This controller uses
a PLL to synchronize the converter output with zero
crossings of the fundamental component of the phase-A
terminal voltage. In this configuration there are four
PI controllers among which one is to control terminal
voltage through reactive power exchange with the ac
network and another is to maintain the dc voltage
constant be exchanging a small amount of active
power with the ac network. The other two controllers
determine the voltage reference signals to the PWM
signal generator of the VSI, once the dq0-to-abc
transformation is done. The induction generator was
represented with a three phase model and synchronous
generator is represented by a eighth order three phase
model in the d-q reference frame. When a three phase
to ground fault is applied at one of the bus at 0.5
seconds time the induction generator injected 25MW
into the network when the fault is eliminated after
9 cycles. The results proved that though the system
is stable without DSTATCOM, with DSTATCOM
voltage controller and with DSTATCOM power factor
controller the terminal voltage is regained to 1p.u.
only with the presence of DSTATCOM. If there is
no DSTATCOM the terminal voltage after fault is
0.942p.u. The induction generator and synchronous
generator were studied under different fault conditions
and by the experimental results the performance of
each machine with the DSTATCOM is better than
without the DSTATCOM.
4.4	Neural Network Based Control of Reduced
Rating DSTATCOM
This paper 4 presents the study of DSTATCOM
represented by a VSI when it is connected to a
resistive-inductive load connected to the distribution

systems. The technique used for switching of the
VSI is hysteresis current control technique. For this
a hysteresis controller is used. The inputs to the
hysteresis controller are given by the neural network
based reference current generator. The duty of the PI
controller is to maintain constant dc bus voltage and
ac voltage regulation. By connecting an ac capacitor at
the load side the rating of the DSTATCOM is reduced.
The load current consists of two components, they are
active component for positive sequence current and
reactive current for negative sequence current. The
control algorithm calculates some value based on the
switching function which gives the positive sequence
of the current to be induced in phase with the voltage
waveform. The voltage should be undistorted. If in
case the voltage is distorted the value of the current
to be induced being as a function of voltage gets
disturbed which reduces the efficient working of the
DSTATCOM. While coming to the generation of reference
signals proper estimation of the reference signals is
to be done. For this the weights are averaged and
equivalent weight for positive sequence and negative
sequence current components are computed in the
decomposed form. These reference currents are used
to switch the VSI of the DSTATCOM via a hysteresis
current controller. This is done by forcibly inducing
the reference currents to follow these reference three
phase currents. Once after this is finished then the
output signal given by the PI controller responsible
to maintain the bus voltage (dc) is added to the
average weight. For ac voltage regulation the output
of the PI controller is multiplied with unit templates
which are quadrature with the phase voltage and then
added to the component of the reference current that
is calculated using the neural network. To show the
dynamic behavior of the DSTATCOM controlled in this
manner the load is increased at time of 0.12 seconds
and decreased at time instant of 0.30 seconds and
observed that the DSTATCOM is able to respond to
the changes in the load within an half cycle.

4.5 Analysis, Simulation and Control of DSTATCOM
in Three-phase, Four-wire Isolated Distribution
Systems
In this 5 paper the performance of the DSTATCOM
connected to an alternator having a rating of 42.5
KVA rating which is feeding four wire linear loads. To
meet the ever growing requirement of quality power
supply the development of small, dispersed generation
is needed. But the use of these dispersed generations
there will be some problems arising which are known
as power quality problems. though there are many
number of compensators the four leg compensators
for compensation of neutral current is being of great
deal nowadays. On one side, the isolated generation
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systems are satisfying the power requirements and on
other side they are introducing problems those are
different from those of grid connected systems. To
achieve the required result or to overcome the problems
the DSTATCOM is connected as a shunt compensator.
The alternator here feeds power to a linear resistiveinductive load. The DSTATCOM consists of four legs
(3 phases and one neutral), VSC constructed with
IGBTs and a dc bus capacitor. The output coming from
the converter is connected with the PCC with the aid
of the interfacing inductors. The DSTATCOM here
is proposed with indirect control scheme which uses
to PI controllers one of which regulates the dc link
voltage and the other regulates the ac terminal voltage.
In this scheme only one PI controller is sufficient for
the power factor control and load balancing. If the
need is of voltage regulation also then there will be
a need of additional PI controller more than the ac
terminal voltage. Using three-phase ac voltages (Vta
Vtb Vtc) and dc bus voltage (Vdc) of DSTATCOM,
The three-phase reference supply currents (Isar Isbr
Itcr) are computed. The reference signal consists of
two in phase current component, quadrature with
the supply voltage component. The basic equations
of control algorithm are formed on the basis of the
above reference values to generate control signals.
For power factor correction and load balancing it,
when load is changed from three-phase (19.7 kW) to
two-phase at t=0.1sec (13.1 kW) it is observed that
the supply currents are balanced, sinusoidal and in
phase with the voltages between the time t=0.1 s to
0.14 s. similarly under voltage regulation case also
the results are observed such that the DSTATCOM
is succeeded in regulating the ac terminal voltage.
Thus with the application of the DSTATCOM with
the isolated systems the power quality problems can
be solved.

4.6	Control Design and Simulation of DSTATCOM
with Energy Storage for Power Quality
Improvements
This paper 6 discusses the dynamic performance
of a DSTATCOM which is coupled with an energy
storage system in improving the distribution systems
power quality. Here the DSTATCOM is modeled as
voltage controller, power factor controller and an active
power controller. By adding this energy storage system
through a proper interface the controller becomes more
flexible. They can be superconducting magnetic energy
storage (SMES), super capacitors (SC), flywheels
and battery energy storage systems (BESS). The VSI
structure used here makes use of a three level pole
structure which is otherwise called as a neutral point
converter. By use of energy storage the neutral point is
capable of maintaining the balance of the dc capacitors
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without using any additional control. After connecting
this arrangement to the utility grid the THD of the
output voltage of the inverter in aid of a sine wave
filter is less than 5 % at a full rated UPF load. While
coming to the control modes of the DSTATCOM in
this arrangement, there are three control modes namely
external level control, middle level control and internal
level control. The external controller is designed for
voltage control mode, power factor control mode and
active power control mode. This control technique
takes the responsibility of determining the active power
exchange and the reactive power exchange that has
to be done between the power device and the utility
system. The reference values set by the external level
are tracked by the expected output with the help of the
middle level control. For this purpose the DSTATCOM
is modeled as a voltage source which is connected in
shunt to the network through an inductance Ls and
resistance Rs. These two parameters represent the
equivalent leakage inductance and the transformer
winding resistance losses. The equivalent magnetizing
inductance of the step-up transformers is represented
by M. the two capacitors are assumed to be having
the capacitance of Cd/2. The switching losses of
the VSI and power loss in the capacitors also have
a considerable impact. For generating the switching
signals to the VSI according to the sinusoidal PWM
control mode the internal level control is essential.
After designing all these control modes with the
DSTATCOM the simulation is performed and the
results are as follows for a 2MW/0.5MVAR. a set
of loads equivalent to 0.25 MVAR are automatically
disconnected at t= 0.2 s, and re-connected after at
t=0.3 s at one of the bus. It is observed that until
the load is reconnected the voltage is maintained at
0.98p.u. This paper concludes that the DSTATCOM is
showing the effective results in various control modes
and is recommended to be employed for all these three
control modes namely power factor control, voltage
control and active power control.

4.7	Power Quality Improvement using DSTATCOM
and DVR
This paper 7 presented the problem occurring because
of nonstandard voltage, current or frequency solved
by DSTATCOM by using with DVR in the electrical
distribution system. Mainly the power quality problem
comes due to varying industrial loads and critical
commercial loads and to maintain the voltage within
the limit and to reduce harmonics this technique used.
This research describes the techniques to correct the
voltage mitigation, various type of outages, voltage
sag/swell. The DSTACOM and DVR both are based on
VSC principle, the combination of these two devices
improving the power quality of the distribution electrical
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network. Here DVR injects a voltage in series of the
network and a current is injected by DSTATCOM
into the system for the correction of voltage sag/
swell, interruption as per the load variation. DVR is
series voltage controller, in this research it used in
series with the load. The main aim of the controller
to maintain the voltage level, it can only measure
the r.m.s voltage at the load side. By using this test
system the r.m.s voltage is maintained up to 98 %.

4.8 Integration of Super capacitor with STATCOM
for Electric Arc Furnace Flicker Mitigation
This paper 8 describes the integration and control
of super capacitor as energy storage system in a
DSTATCOM with voltage controller to enhance the power
quality. For the compensation of the reactive power
which produced by arc furnace, the DSTATCOM/super
capacitor supply unbalanced and varying currents of
the arc furnace, which results the sinusoidal waveform.
Therefore this sinusoidal current indicates that the
voltage waveform at PCC is sinusoidal. The regulated
PCC voltage enables the flow of higher real power
into the arc furnace, therefore the voltage mitigation
reduced by the DSTATCOM/ super capacitor system. This
feature is developed due to the supplying fluctuating
active power ability, but it can be supplied by any
energy storage technology but the super capacitor is
better is size and control design practically.
4.9 Integrated Three-Leg VSC with a Zig-Zag
Transformer Based Three-Phase FourWi re D S TATCOM f o r P o w e r Q u a l i t y
Improvement
In this paper 9 the DSTATCOM is incorporated with
a zig-zag transformer for voltage regulation, power
factor correction along with the load balancing which
means the reactive power is said to be compensated.
At the point of common coupling the neutral current
compensation is also done by the elimination of
harmonics while using this arrangement. The DSTATCOM
is modeled with an inductor corresponding to leakage
inductance, resistor corresponding to distribution
transformers resistance, a combination of capacitor and
resistor representing the ripple filter for filtering high
frequencies. The reactive current is injected by the
DSTATCOM to cancel the reactive power component of
the load current and then the source current is reduced
to just the active power component of current only.
Dynamically these currents are adjusted to maintain
unity power factor under the varying load conditions.
Here the DSTATCOM is modeled for the operation of
DSTATCOM is focused for zero voltage regulation.
In this mode the injection current by the DSTATCOM
makes the voltage at the PCC and the source voltage

to be in the locus of a same circle. Usually, the
linear loads and the nonlinear loads, balanced and
the unbalanced loads are connected at the PCC. This
makes the zig-zag transformer to provide a path for
the zero sequence currents and fundamental currents.
A third winding is provided with the transformer for
connecting the DSTATCOM in shunt at the PCC.
The VSC proposed in the DSTATCOM uses IGBTs
three phase inductor and one dc capacitor. The zigzag transformer also provides an isolation to the
DSTATCOM in addition to suitability of selecting
an off the shelf VSC in such applications. For the
neutral current compensation, harmonic elimination,
load balancing, power factor correction, line voltage
regulation the design is based on the selection of the
dc bus voltage(V dc=2√2V LL /(√3m)), selection of dc
bus capacitor(.C dc[(V dc2)-(V dc12)]=3V(aI)t), selection of
ac inductor(L f = √3mV dc/(12afsicr(p-p))), selection of
ripple filter(R=8Ω, C f = 5μF). While coming to the
design of zig-zag transformer voltage across each
winding is selected as one third of the line voltage i.e,
150 V and the secondary line voltage is selected as
200 V. Therefore the voltage for each star connected
winding comes out to be 120 volts. Besides these
there is a need for generating the reference source
currents for the control of VSC in DSTATCOM and
one such technique used here is reference frame
theory. After modeling and simulating the models the
results showed that the performance is as expected for
the neutral current compensation along with reactive
power compensation. Besides these results the modes
of operation of DSTATCOM for voltage regulation and
power factor correction are satisfactory. For compensating
the zero sequence fundamental and harmonics currents
zigzag transformer is found to be the effective one
and the bus voltage of the DSTATCOM is regulated
to the required or reference value.

5. 	Conclusion
By literature survey we came to know that by
using DSTATCOM with different configuration, the
power quality issues like voltage mitigation, sag,
swell, harmonics, etc., gets reduced and thus the
power quality of that circuit is improved.

fu"d"kZ
lkfgR; losZ{k.k djds ge ;g ikrs gS fd Mh&LVsVdkse dks
fofHkUu foU;kl ds lkFk mi;ksx djds fctyh xq.koÙkk ds eqís
tSls oksYVst “keu] >Vds] mrkj] p<ko de gks tkrk gS vkSj bl
çdkj lfdZV dh fctyh dh xq.koÙkk esa lq/kkj gksrk gSA
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Circularly Polarized Multi Band Switchable Microstrip Slotted Patch Antenna
Arvind Kumar
Amity University, Noida (U.P)
E-mail:arvind9356@gmail.com

lkjka”k
;gk¡ eSa eYVh cSaM vkSj fLopscy ljD;qyjyh iksyjkbZTM LyksfVM ekbØksfLVªi iSp ,aVhuk ds fMtkbu dk çLrko
dj jgk gw¡A ,aVhuk ekbØksfLVªi QhM ykbu ls tkxz`r gksrk gSA çLrkfor ,aVhuk esa Ldkoj iSp esa fjax Ly‚V ds
lkFk Ldkoj iSp gS] vkSj ljD;qyj iSp ds fjax Ly‚V ds pkjksa vksj Mk;ksM ds tqM+s jgus ls iksyjkbZTM fofdj.k
djaV xM+cM+h ds dkj.k mRiUu fd;k tk ldrk gSA fiu Mk;ksM fjax Ly‚V esa djaV iFk dh fn’kk cnyrk gSA rhu
fiu Mk;ksM mYVs gkFk vkSj lh/ks gkFk ds chp ljD;qyj /kzqohdj.k dh fn”kk dks can dj fnrk gSA jSf[kd /kzqohdj.k
dks nksuksa i{k ds Mk;ksM dks can djds vkSj dsaæ Mk;ksM dks v‚u djds gkfly dj ldrs gSaA eq[; ekinaM dk
fo|qrpqacdh; fleqys”ku l‚¶Vos;j ij fo”ys’k.k fd;k x;k gSA v‚ijsfVax vko`fÙk;ksa 1-55 xhxk gV~ZTk] 3-8 xhxk gV~ZTk
gSa vkSj 4-77 xhxk gV~ZTk gS vkSj çkIr ifj.kkeksa larks”ktud jgs gSaA
Abstract
Design of multi-band and switchable circularly polarized slotted microstrip patch antenna has been
proposed. The antenna is excited by microstrip feed-line. The proposed antenna has square patch with
the ring slot in the square patch, and the circular polarization radiation can be generated by current
perturbation due to diodes connected across the ring slot to the circular patch. The p-i-n diodes across
the ring slot alter the direction of current path. Three p-i-n diodes simply switch the circular polarization
direction between the left handed and right handed. Linear polarization can also achieved if both side
ways diodes are OFF and centre diode is ON. Key parameters have been analyzed on electromagnetic
simulation software. The operating frequencies are 1.55GHz, 3.8GHz, and 4.77 GHz and results obtained
are satisfactory.
Keywords: Microstrip slotted patch antenna, Circular polarization (CP), polarization switching, left hand
circular polarization (LHCP), right hand circular polarization (RHCP)

1.

Introduction
Aim of antenna design is to transmit large amount
of information to longer distance. So the research in
wireless communication is growing toward the reduction
of antenna size and to get the higher transmission
bandwidth of antenna. Many applications require
integrated multifunctional terminals 1-2. The concepts of
frequency reconfigurable and polarization reconfigurable
have been developed. The pursuit of antenna banks
with compact form factors has led to research into
reconfigurable antenna with variable bandwidth 3 ,
radiation characteristics 4, and polarization 5, and for
achieving this multiple bands cascaded antennae are
designed. In the cascaded antenna large number of
antenna are connected to form a single antenna and
the switching is done to get the required frequency
band. Such mobile terminals must operate while acting
as antennae banks because each service requires a
different frequency band This structure increases the

information transfer rate but one problem is also there
that is size of antenna, to implement large size of
antenna in small devices is not possible, so further
the research is done in reducing the size of antenna.
Polarization diversity with switchable circular polarization
( CP) is also used to reduce fading in wireless local
area networks (WLANs) 6, as a modulation scheme
in radio frequency identification (RFID) systems 7,
and to increase the security complexity in military
wireless. The dual-band antenna is simply obtained
by connecting the square and circular patch, but still
there is a need for higher information transmission,
and for this purpose, polarization switching, concept
is introduced. In polarization switching large amount
of information can be transmitted through a single
feed port without interference. This is achieved by
orthogonal polarization modes that are left hand circular
polarization (LHCP) and right hand circular polarization
(RHCP). A switchable CP slot antenna with a p-i-n
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diode switch for different polarizations has also been
reported 8. It is also possible to achieve switchable
CP microstrip antennas with shorting walls that are
switched to the ground plane via p-i-n diodes 9,10. But
by connecting the two patches at one more position,
it will generate a new band without increasing the
size of antenna.
In this paper, a multi-band polarization switchable
antenna has been proposed. The structure is single feed,
simple and compact, producing multi-band, circular and
linear polarization. The orthogonal modes for circular
polarization are generated by p-i-n diodes connecting
rectangular and circular patches. The polarization
switching is obtained by switching the p-i-n diodes.
Different polarization has been discussed, which are
obtained by switching the diodes.

2.

ANTENNA STRUCTURE
Figure 1 shows the geometry of the proposed
multiband and dual-switchable circular polarization
microstrip slotted patch antenna. Proposed antenna
has three-layer structure, bottom layer is a ground
plane of thickness 0.01mm, on which there is a second
layer of dielectric substrate FR4 of thickness 2 mm
and dielectric constant is 4.9. Third layer is a patch
which is square shaped with a ring slot. The square
patch length is L mm. At the centre of the square

patch, there is a ring slot of outer radius R2 and the
inner radius R1. Figure 1 shows the construction of
the square patch with a ring slot inside it. This ring
slot separates the two structures–one is square patch,
and other is circular patch which is inside the square
patch. The separation between the square patch and
circular patch which is inside it, is 2mm or the width
of ring slot is 2mm. This proposed antenna produces
linear polarization well as circular polarization by
introducing diode patch and inner circular patch in left
side, and diode D3 is connected between square patch
and inner circular patch in right side and diode D2 is
at down side. The polarization diversity is obtained
by switching different p-i-n diodes at different times.
Linear polarization is obtained when P-I-N diode D2
is forward-biased and D1 and D3 are reversed-biased.
To get circular polarization two currents are fed at
900 generating orthogonal components. The LHCP is
obtained when left p-i-n diode, i.e., D1 is forwardbiased along with D2, because of current direction.
Similarly RHCP is obtained when the right p-i-n
diode (D3) is forward-biased along with D2, reverse
biasing the D1. The antenna structure is three bands,
polarization switching is obtained in only one band
which is generated by circular patch. It is seen that
axial ratio varied from 40 dB to 1 dB.
Figure 1 shows p-i-n diodes D1, D2 and D3.
These p-i-n diodes provide connection between the
square patch and the circular patch. The diode D1 is
connected between the square patch and the circular
patch.

3. 	RESULTS
The proposed antenna is designed for multibands
1.55GHz, 3.8GHz and 4.77 GHz). The square patch
(L=40mm) on the top of the FR4 substrate with Ɛr=
4.4 and height h = 2mm. one ring slot in the square
Table1. Summary of antenna polarization
P-I-N diodes biasing
D2

:

(Forward biased)
D1,D3:

Polarization

ON
Linear Polarization (LP)

OFF
(Reverse biased)

D2,D3: ON
(Forward Biased)
D1

: OFF

Right Hand Circular
Polarization (RHCP)

(Reverse Biased)
D1,D2: ON
Figure 1. Geometry of multiband and dual switchable circular
polarization microstrip slotted patch antenna
Dimensions: 80*80 mm2
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(Forward Biased)
D3

: OFF

Left Hand Circular
Polarization (LHCP)

(Reverse biased)
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patch with dimensions outer radius (R2=7 mm) and
inner radius (R1=5 mm), width of ring slot is 2mm,
the three p-i-n diodes are located across the slot in
order to control the current path. The λ/4 impedance
transformer is used for impedance matching between
patch and 50Ω feed line.
TABLE I shows the summary of the antenna
polarization. With the above said dimensions, the
resonate frequencies for the linear polarization (when
diode D2 is forward-biased and remaining two are
reversed-biased) are 2.1 GHz and 5.1 GHz. The band
generated by the circular patch can be switched to
the circular polarization by switching on either D1 or
D3 we will get three bands at this point. The bands
generated by circular patch can be RHCP or LHCP
according to the position of p-i-n diode forwardbiased.
Figure 2 shows the simulated results of proposed
antenna when diode D1 and diode D3 are ‘OFF’ and
only diode D2 is ‘ON’, in this case, antenna radiate
at two frequency bands 2.1GHz and at 5.1GHz. In
this case the proposed antenna is linearly polarized.
Figure 3 shows the simulated results of proposed
antenna at right hand circular polarized mode and left

Figure 2. Simulated s-parameter of the proposed antenna when
(D1=OFF, D2=ON, D3=OFF).

hand circular polarized mode. In LHCP case diode D1
and diode D2 are in ‘ON’ state and diode D3 is in
OFF state, there are three frequency bands at which
the antenna radiates
Figure 4 shows the simulated far-field pattern of
proposed antenna. In RHCP, three far-field patterns are
observed at three different frequencies. At frequency
1.55GHz, the main lobe magnitude is 6.2dBi and the
main lobe direction is 0.0 deg. At frequency 3.8GHz,
the main lobe magnitude is 3.7 dBi and the main lobe
direction is 30.0 degree and at 4.77GHz frequency,
the main lobe magnitude is 7.6 dBi and the main lobe
direction is 5.0 deg.
Figure 5 shows the simulated far-field results at
LHCP mode. At frequency 1.55GHz; the main lobe
magnitude is 6.3dBi, at frequency 3.8 GHz. The main
lobe magnitude is 3.7 dBi, and main lobe direction is
at 30.0 deg., at frequency 4.77 GHz, the main lobe
magnitude is 7.2 dBi and main lobe direction is at
5.0 degree.

Figure 3. Simulated s-parameter of proposed antenna when
(D1=ON, D2=ON, D3=OFF (LHCP)) and when
(D1=OFF, D2=ON, D3=ON (RHCP)).

Figure 4. Simulated far-field Pattern of RHCP at (a) f=1.55GHz, (b) f= 3.8GHz and (c) f= 4.77GHz.
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Figure 2. Simulated Farfield Pattern of LHCP at (a) f=1.55GHz, (b) f= 3.8GHz and (c) f= 4.77GHz.

4.	CONCLUSIONS
In this letter, a simple microstrip square patch
with slotted ring inside the patch is proposed for
dual-band linear polarization and triple-band circular
polarization diversity. The circular polarization diversity
is controlled by switching the current path in the
patch using p-i-n diode configurations that is RHCP
and LHCP. The experimental results show that the
antenna is linearly polarized at 2.1GHz and 5.1 GHz,
and CP at three frequencies, 1.54GHz,3.8GHz and
4.77 GHz. The multi-band switchable antenna will
find applications in wireless communication in civilian
as well as defence sector.

fu"d"kZ
bl ys[k esa] iSp ds vanj Ly‚fVM fjax ds lkFk ,d
lk/kkj.k ekbØksfLVªi Ldkoj iSp nksgjh cSaM js[kh; /kzqohdj.k
vkSj fVªiy cSaM ifji= /kzqohdj.k fofo/krk ds fy, çLrkfor gSA
ifji= /#ohdj.k fofo/krk dks fiu Mk;ksM foU;kl dk mi;ksx
dj iSp esa djaV iFk ds fLop }kjk fu;af=r fd;k tkrk gS tks
fd vkj,plhih vkSj ,y,plhih gSA ç;ksxkRed ifj.kke ls irk
pyrk gS fd ,aVhuk 2-1 xhxk gV~Zt vkSj 5-1 xhxk gV~Zt ij
jSf[k; /kzqohdj.kh; vkSj lhih rhu vko`fÙk;ksa 1-54 xhxk gV~Zt
3-8 xhxk gV~Zt vkSj 4-77 xhxk gV~Zt ij gksrk gSA eYVh cSaM
fLopscy ,aVhuk vlSfud vkSj j{kk {ks= esa csrkj lapkj esa dke
vkrk gSA
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lkjka”k
orZeku dke esa] vkjxks (anti resonant guided optical waveguides) vkIVhdy ekunaMksa dh laosnu”khyrk
rjax iFkd eksM dk v/;;u fd;k tkrk gSA Hkkj dks.k fuHkZj ijkorhZdj.k dk ewY;kadu fd;k tkrk gSA rjax iFkd
eksM ij lekukarj vkSj lh/ks /kqozhdj.k izHkko dh Hkh x.kuk dh tkrh gSA vyx vioZrukad ds rjy inkFkZ ds fy,
vkIVhdy ekinaMksa dk irk yxk x;k gSA
Abstract
In the present work, the sensitivity of optical parameters of anti resonant guided optical waveguides (ARGOW)
waveguiding modes is studied. Incidence angle dependent reflectance is evaluated. The parallel and perpendicular
polarization effect on waveguiding mode is also calculated. The optical parameters have been explored for liquids
of different refractive index.

Keyword: Anti resonant guided optical waveguides, ARGOW, optofluidics

1.

INTRODUCTION
The new researches in the area of Optical waveguides
and their interface with microfluidics are continuously
contributing towards the evolving field of Optofluidics 1-3.
ARGOW waveguides has been one of such recent
example in which light were first time guided through
liquid successfully 4,5 . In these waveguides a large
interaction range through liquid could be achieved.
This waveguiding configuration were further applied for
microchip based online monitoring system 5, Fluorscence
Spectroscopy 6 for detection of biomolecules 7 etc. The
success of ARGOW waveguides lies in the fact that
for a critical angle light can guide into the liquid
whose refractive index is less than the surrounding
substrate material. It is found that near critical angle
reflected intensity of light changes dramatically 4. How
sensitive are these changes in relation to variation in
incidence angle is still not very clear. The present work
explores it. The sensitivity of optical parameters of
ARGOW waveguides has been studied in detail using
the reflectance calculation. The polarisation effect for
different angles is also reported.
Schematic design and
theoretical calculations
Figure 1 shows the schematic design of ARGOW
waveguides. The system is made of glass (refractive

index ng=1.46) attached with microchannel in which
water (refractive index nl=1.34) is flowing as shown
in Fig. 1. represent the refractive index of air, i.e.
1. Blue arrow shows the reflected light while orange
arrows shows the guiding light into microchannel at
different incident angles. To understand the basic
physics of ARGOW waveguiding modes, percentage
reflectance were calculated at the critical angle. The
value of critical angle was calculated at the fifth
decimal place 4,5 . Then the variation in percentage
reflectance was calculated by increasing the incidence
angle at glass-micro channel interface. Percentage
reflectance was calculated for both TE and TM modes.
The increment in the incidence angle was done at a
fifth decimal place.

2.

Figure 1. Schematic diagram of ARGOW waveguides.
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In the above scheme the critical angle 3 for which
light starts to leak into microchannel is calculated to
be 66.607730. The corresponding angle 4 is found to
be 89.987720. Figures 2 and 3 shows the percentage
reflectance for the different value of incident angle
3 starting from the critical angle. The significance
of the figure is variation in the angle that is made
at decimal fifth place. The emphasis in Fig. 2 has
been to understand the sensitivity of angle variation
by making changes at fifth decimal place. Whereas,
Fig. 3 provide more comprehensive result covering
the angle between 620 and 670. Moreover, Fig. 4
is drawn between refractive index of liquid and per
cent reflectance.
Figure 4. Percentage reflectance variation with refractive index
of liquid.

Figure 2. Variation in reflectance with variation in angle 3 at
decimal fifth place.

Figure 3. Variation of % reflectance vs angle 3 in the much
wider range.

3.	Results and Discussion
Figure 2 makes it clear that variation in the
incident angle 3 at the fifth decimal place can change
the per cent reflectance by about 1 per cent. Also at
316

critical angle for waveguiding the per cent reflectance
for parallel and perpendicular polarization is almost
same. But as we increase the angle slightly the gap
between two becomes wider.
Figure 3 makes much wider comparison of
incidence angle 3. Two kinds of slopes are evident
for both parallel and perpendicular polarization. The
maximum change in per cent reflectance (almost
from 100 per cent to 20 per cent) occurs between
67.5 and 66.50. But it is not so steep if angle 3 is
further increased.
If the angle 3 is fixed at the critical angle value
for the above defined waveguiding system (ns=1.46,
nl=1.34, na=1) and if the refractive index of the
liquid is changed by .01, the variation in per cent
reflectance is about 2-3 per cent for both parallel
and perpendicular polarization.

4.	Conclusions
These observations suggests some very useful
conclusions:
(i) In the Optofluidics waveguides the critical angle is
very sensitive to the refractive index of substrate
and liquid materials. And it needs to be very
carefully defined as minor error can change the
proportion of transmitting light into the liquid
significantly.
(ii) There is no linear relationship between incidence
angle 3 and per cent reflectance variation.
(iii) per cent reflectance variation is susceptible to
refractive index variation of liquid that can be very
helpful to prepare microchip based refractometer
if properly optimized.

fu"d"kZ
bu fVIif.k;ksa ls dqN egRoiw.kZ mi;ksxh dk irk pyrk
gS &
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vkIVks ¶ywfMDl rjax iFkd eas egRoiw.kZ dks.k vioZrukad
vkSj rjy inkFkkZsa ds fy, cgqr laosnu”khy gSaA vkSj cgqr
lko/kkuh ds lkFk ifjHkkf’kr fd;k tkuk pkfg, D;ksafd
ekewyh =qfV Hkh rjy lapkj.k ds vuqikr dks cny ldrh
gSA
?kVuk ds dks.k 3 vkSj ijkorhZdj.k fHkUurk izfr”kr ds chp
dksbZ js[kh; laca/k ugha gSA
izfr”kr ijkorhZdj.k fHkUurk rjy viorZukad fHkUurk ds
fy, vfrlaosnu”khy gS] ;fn bls mfpr :i ls vuqdwy
cuk;k tk, rks ekbØksfpi vk/kkfjr jSZDVªksehVj rS;kj djus
esa cgqr enn fey ldrh gSA
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