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PREFACE

The radio frequency spectrum is divided into different regions known as
High Frequency, Very High Frequency, Ultra High Frequency, SHF and also in
microwave, millimeter waves, sub-millimeter waves, etc. The frequency range
from 3 GHz to 30 GHz is known as microwaves and millimeter waves range
from 30 GHz to 300 GHz. This part of radio spectrum has different
applications. These are in (a) communication, (b) remote sensin,g (c) medical,
and (d) industries. The choice of the frequency depends upon the type of
application. In this monograph, the remote sensing applications of the
microwaves have been dealt with.

The unique capabilities of microwaves like all weather, day and night,
sensitivity to soil moisture and ability to penetrate soil and vegetation etc.,
make the microwave remote sensing capable of having stand-alone application
in some areas of oceanography, land and atomistic applications. For other
applications, microwave remote sensing complements as well as supplements
other techniques of remote sensing.

The fundamental parameter for microwave remote sensing is the dielectric
constant of the material on which other electrical parameters like emissivity
and scattering coefficient depend. The information about dielectric constant,
emissivity, and scattering coefficient is obtained by measurement of these
parameters as well as by estimation using the theoretical models. For
microwave remote sensing, the knowledge about these three electrical
parameters of the target material is extremely important.

The designing of sensors for microwave remote sensing depends on the
emissivity for passive sensors, and scattering coefficient for active sensors.
The passive sensors include radiometers, both imaging and non-imaging types.
The active sensors are imaging radar, altimeter, and scatterometer. The
knowledge of sensors, platform, data products, and applications of microwave
remote sensing will provide great inputs for national development. This
monograph will serve to those who will be interested in microwave remote
sensing.

February 2009 OPN Calla
Director, International Centre for Radio Science
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Chapter 1

Introduction to Microwave Remote Sensing

1.1 INTRODUCTION

Remote sensing has diverse applications and it has been identified as a
technique with good potential to help the nation’s economic growth and solve
some of its problems. These include better management of natural resources
through wasteland mapping, identifying flood-prone areas, water in
catchments areas, assessment of situation of reservoirs, estimating forest area,
and prediction of crop yield and scarcity of resources etc. The electromagnetic
spectrum with different wavelength bands has applications in diverse areas.
With increase in demand for natural resources, non-availability causes scarcity
and one has to identify the factors behind these. For this, the conventional
methods are not adequate, remote sensing can play an important role in
solving these problems.

Remote sensing can be applied in areas like prediction of climatic
conditions, rainfall, cloud cover, etc., and to help identify the areas covered by
clouds, and other physical parameters. In cloud covered areas, i.e., during kharif
season when crops get affected and yield prediction of wheat is difficult, and on
crops like groundnuts, coffee, tea etc., which require high rainfall remote
sensing can play a vital role. During rainy season, another area of concern is
flood. Flood wreck havoc for many years. Movement of clouds could not be
predicted as the clouds restrict the observation by conventional methods.
Observation is not possible during night so one needs sensors which can work in
night as well as in cloud covered areas.

1.2 ELECTROMAGNETIC SPECTRUM

The applications of remote sensing depend on the choice of frequency.
The Radio Regulations of International Telecommunication Union limit the
term radiowaves to electromagnetic waves of frequencies arbitrarily lower
than 3000 GHz. For both active and passive microwave remote sensing,
different parts of radio spectrum is used. Figure 1.1 gives the
electromagnetic spectrum.
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Figure 1.1.  Electromagnetic spectrum showing relative transparency of the earth's
atmosphere and ionospere'.

The Table 1.1 gives the radio spectrum starting from Extremely Low
Frequency (ELF) to Extremely High Frequency (EHF) and from myriametric
waves to sub-millimeter waves. This spectrum extends from 30 GHz to 3000
GHz. Different portions of radio spectrum have different applications.

The microwave spectrum is from 0.3 GHz to 30 GHz and millimeter
wave spectrum ranges from 30 GHz to 300 GHz, the sub-millimeter wave
spectrum is from 300 GHz to 3000 GHz. For utilisation of these spectra for
various applications, it is split into different bands.

The nomenclature of the bands with frequencies is given in Table 1.2 and
the nomenclature for bands adopted by US Military in 1970 is given in
Table 1.3.

Table 1.1. Part of the electromagnetic spectrum

Frequency bands Wavelength Descriptive designation
30-300 Hz 1000-10000 km ELF

3-30 kHz 10-100 km Myriametric waves—VLF
30-300 kHz 1-10 km Kilometeric waves—LF
300-3000 kHz 100-1000 m Hectrometric waves—MF
3-30 MHz 10-100 m Decametric waves—HF
30-300 MHz 1-10 m Metric waves—VHF
300-3000 MHz 10-100 cm Decimetric waves—UHF
3-30 GHz 1-10 cm Centimetric waves—SHF
30-300 GHz 1-10 mm Millimetric waves—EHF
300-3000 GHz 0.1-1 mm Sub-millimetric waves
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