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Preface

The practical aspects of implementing the theoretical book-based knowledge 
for real life problems related to DRDO projects was the major driving force to 
write this monograph. The monograph is expected to be of immense benefit for 
the young DRDO scientists to learn the basic theories and concepts of digital 
image processing coupled to variety of algorithms to process, analyse and interpret 
imagery. The hands-on exercises provided in this monograph are likely to enhance 
the confidence of DRDO scientists to take up challenging projects.

The monograph is distinctly different from the standard text books available 
in the market. It provides detailed technical explanation, mathematical derivations 
with numerical example for many of the image processing algorithms. The purpose 
has mainly been to assist the young DRDO scientists with a first-hand experience 
of implementation along with good understanding of the theory and algorithms 
for image processing through simple exercises. The information provided in the 
Monograph is not available in any standard text book.

The monograph has purposely focused more on examples chosen from the 
years’ long experience. Open source software are available today, where enormous 
amount of results may be quickly generated simply using pull down menus where 
the user often is left in darkness about the algorithm details.  

This eventually leads to a big dearth of trained manpower in the area of 
image and video processing. Many private industries and national laboratories 
of the country are running image and video processing divisions which spend 
huge amount of money to train the fresh recruits who, inspite of studying ‘Digital 
Image Processing’ as an elective subject in their curriculum, hardly know how to 
implement the algorithms for practical problems.

Dr Jharna Majumdar
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Chapter 1

Fundamentals of Digital Image Processing

1.1	 Introduction to Digital Image Processing

A digital image is a two-dimensional (2-D) function f(x, y), that has been 
discretised both in spatial coordinates and amplitude. x and y are the spatial (plane) 
coordinates, and f is the amplitude for any pair of coordinates (x, y). A digital 
image is therefore composed of a finite number of elements, each of which has a 
particular location and value. These elements are called the intensity or brightness 
or grey level of the image at that point and referred to as picture elements, image 
elements, pixels or pels.

There are some arguments about where image processing ends and fields  
such as image analysis, image interpretation or computer vision starts.

The continuum from image processing to computer vision can be broken up 
into low-, mid-, and high-level processes.

EXAMPLE

Low-level Processing
Input: Image
Output: Image
Examples: Noise removal, image sharpening

Mid-level Processing
Input: Image
Output: Attributes
Examples: Object recognition, segmentation
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High-level Processing
Input: Attributes
Output: Understanding
Examples: Scene understanding, autonomous navigation

Digital image processing (DIP) focusses on:
•	 Improvement of pictorial information for human visual perception
•	 Use of computer algorithms to perform processing on digital images
•	 Processing of image data for storage, transmission and representation for 

autonomous machine interpretation
Digital image processing allows a wider range of algorithms to be applied to 

the input data and can avoid problems such as the build-up of noise and signal 
distortion during processing. Images are defined as two dimensions and hence 
digital image processing may be modelled in the form of multi dimensional 
systems.

1.2	 History of Digital Image Processing1

Early 1920s: One of the first applications of digital imaging was in the 
Newspaper Industry by the name The Bart lane cable picture transmission service. 
By this services:
•	 Images were transferred by submarine cable between London and New York
•	 Pictures were coded for cable transfer and reconstructed at the receiving end 

on a telegraph printer

Figure 1.1.  Early digital image.
Mid to late 1920s: Improvements in the Bart lane system resulted in higher 

quality images as:
•	 New reproduction processes based on photographic techniques
•	 Increased number of tones in reproduced images
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