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PHYSICAL ASPECTS OF REMOTE SENSING

FIGURES
INTRODUCTION
1.1a Concepts of Remote Sensing in Visible and near IR
regions of EMR
1.1b Concepts of Remote Sensing in Thermai and Microwave ' Remote sensing may be broadly defined as the collection
regions ef EMR of information about an object without being in physical contact
2.1 Electromagnetic Spectrum . with the object. Air crafts and satellites are the commen
3.1 Black body radiation spectrum platforms from which remote sensing observations are made .
3.2 An illustration of emf induced in a closed path - The term remote mensing im restricted to the methods that
3.3 An illustration of Ampere's circutial law employ electromagnetic energy as the means of detecting and
3.4 An illustration of Gauss's law measuring target characteristics. Electromagnetic energy
1.% Propagation of an EM wave includew light, heat and microwaveas.
4.1 Structure of Atmosphere with height
4.2 Spectral irradiance of direct sunlight and after it
passes through the atmosphere This definition of remote senasing excludes electrical,
4.3 Nadir radiance measured from a satellite in the magnetic and gravity surveys that measure force fields rather
frequency range 6 ~ 26 ums than electromagnetic radiation. Magnetic and electric surveysa
4.4 Transmission of energy through the atmosphere in the are commonly made from aircraft but are considered airborne
wavelength range 1 - 14 ums geophysical surveys rather than remote sensing.
4.5 Influence of atmosphere in the microwave region
5.1 Different processes of an EM wave incident on a surface
5,2 Reflection coefficient of vegetation, soil and water as 1.1 Concepts of Remote Sensing
a function of wavelength )
5.3 Diurnal variation of temperatures of different objects As indicated in the definition for remote sensing the electro
5.4 Angular dependence of emissivity for Horizontal and magnetic radiation is employed in extracting the information
vertical polarization about the targets. The major regions of the electromagnetic
5.8 Emisnivity dependence on soils moisture spect$ rum that are being used in remote sensing are Vieible-IR,
5.6 Soil moisture dependence of dielectric constant le) at Thermal and microwave. The details of these are discussed in the
1.4 GHz next section.
S.7 Frequency dependence of dielectric constant
5.8 Scattering coefficient as a function of s0il moisture
5.9 Concept of backscattering by rough surfaces Fig.l.la illustrates the concepts of remote sensing in a
5.10 Sensitivity of backacattering coefficient with angular broad sense. In the vimible-IR region of remote senaing, the Sun
dependence iw the source of illumination for all the objects. The radiation
%.11a,b Vegetation effects on microwave remote senwing emanating from the Bun passes through atmosphere to reach the
6.1 Different types of Imaging Systems ground. While passing through the atmosphere it gets attenuated
6.2 Geometric Scanning for a Conically mcanned imaging and scattered depending on the wavelength and the atmospheric
rad { omst ot constituents. The radiation successfully transmitted through the
6.3 SLAR i atmosphere will reach the ground targets. Depending on the
6.4a,b An 1ll.itl|:’on of Synthetic aperture approach characteristics of the ground, the radiation reaching the

ground partly reflects and partly get absorbed in the targets.
The extent of reflection is & characteristic of target
properties. The reflected radiation again pasuses through the
atmosphere undergoing the same process as explained earlier. The
successfully transmitted radiation reachees the sensors mounted on
the satellite.

In thermal remote sensing the source of energy im earth
itself. Thee fthermal cmismion from the earth's surface will
undergo absorption in the atmosphere hefore reaching the sensors



on the satellite. The emission from the earth surface depends
on thermal characteristics of the object. Also the absorption in
the atmosphere is a characteristic of atmospheric constituenta
and their wspectral properties. The concept of thermal remote
sensing is illustrated in Fig.1.1b.

In microwave remote sensing two possibiljties exist namely
passive and active. The principle of passive remote sensing is
similar to that of thermal remote sensing as indicapted in
Figl.lb. The microwave emission from the earth's objects undergo
abeorption/emisnion in the atmosphere. The combined effect is
measured by the microwave radiometers mounted on satellites. The
microwave emission is a combined function of thermal properties
and dielectric properties. In active microwave remote menaing the
target is jilluminated by the microwaves transmittad from the
sensors onboard the satellite itself. The scattered radiation in

the backward direction, that reaches the satellite is recorded by

the sensors mounted on satellite. The scattaring properties of
the targets are functions of the target dielectric constant and
geometry.

The presence of atmospheric constituents
dividens the electromagnetic spectrum used for remote
sensing purposes, in to two groups namely windows and
Abmorption bands. The windows are used for land and sea based
studies. The absorption bands are used for atmospheric studies.

Thus the basic concepts needed to be understood in the
context of remote sensing are (i) Electromagnetic Spectrum, (ii)

Energy sources, (iii) 1Interaction of EM radiation with
atmospheric constituents and earth targets, (iv) The concepts of
sensors and satellites. Thus the subsequent chapters are

devoted for a det..iled discussion on these aspects.

1.2 Reed for Remote %ensing

The conventional technigues used for the identification,
delineation, quantification and msonitoring of natural resources
is very time consuming and costly. However, through the use of
remote mensing techniques (followed by the computer analysis of
data) will be very quick and cost esffective. Thus the remote
sensing technology offers the following major advantages.

i} The survey can be completed in a very short time
{ii) Repetitive survey is possible
{iii) Provides synoptic view with large area coverage

tiv) The data is useful for multiple applications

(v} The digital data is compatible for computer analysis

(vi) Cost effective

Thus there is a need to adopt remote seneing technology for

study of natural resources.
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2. ELECTROWAGNETIC SPECTROM

In this chapter, the complete Electronagnetic Spectruom,
different regions useful for remote mensing, the sources of these
radiations and the type of detectors used are discussed. Almo the
principles behind the three regions of electromagnetic spectrum
imentioned earlier) used in remote sensing are discussed. The
merits and demerits of using different regions of electro-
magnetic spectrum for remote sensing are covered.

Fig.2.1 shows complete range of EM aspectrum. The EM
-6 -5 -5
spectrum covers, Y -rays (3 x 10 A —3 x 10pam), X-rays (3x10 -
0.01 @A m}, ultraviclet UV 10.01um - 0.4 smm, Visible (0.4 - 0.7
» m) Near IR (0.7 -1.5 g2 m), middleIR and FarIR,(1.5 = lmm. The
wavelength region 3 um - 14,0 m is generally referred to as

Thermal region) . microwaves (1 mm - 0.8 m) and -

' &
radiowaves (0.8 m - 3 210 mg). TableZ.l gives a detailed
account of spectral names, subnames and wavelength ranges.

The origin of Y-rays is atomic nuc leus and
scientillation counters are used for ita detection. The origins
of X-rays and UV are the inner electronic transitions,
ionoziation and dissociation processes. The visible-Near IR
radiation originates from the valance electrons, medium and far
IR radiation originates from vibrational omcillations of
molecules., The most commonly used detectors in W to medium and
far IR are photometers, optical mechanical scanners and vidicon
cameras, photographic emulsion techniques etc. The microwaves
originate from the transitions of rotational energy levels of
molecules and the detectors used are radiometers, scatterometers,
Radars 2etc. A detailed account of these aspects are given in
Table2.2.

In the viwsible and near IR (0.4-1.54m} regions the

reflection property of the target is umed to distinguish
different targets. As visible light cannot penetrate through the
materials, it gpives only the surface properties, However, it is
possible to achisve very high spatial resolution. it is also
possible to have maltiband approach for the analysis of the data.

In thermal region, (&.8-14 Lm) the thermal emission from the
target is used to distinguish the targeta. Due to conduction the
whole target medium getw heated and therefore the emissior can be
considered as a volume phenomena. By comparing the thermal data
acquired, at 6 AM and at 2 PM, it is possible to estimate the
thermal inertia of the targets which is a characteristic of the
target.

iIn microwave (lmm - 0.8m} region, the microwave emission and
scattering properties are made use of to distinguish different
targets. As microwaves can penetrate to some extent in to the

targets medium it gives the volume information

The merits & demerits, applicability and uses of these

three ragions for remote sensing purposes are given in Table 2.3



3. EMERGY SOURCES POR REMOTE SENSING

Remote sensing techniques are based on two approaches
namely pamsive and active. In passive remote sensing, in case of
viaible and near IR, the source of radiation is the sun, and
in thermal the source of radiation is earth itself. In active
remote aensing techniques, the matellite itself carries its own
source of radiation such as microwave transmitter.

There are several theoriea to explain the nature of
radiation and its interaction with matter. Out of these
theories, the most prominent theories are Electromagnetic theory
and photon theory. Depending on the context and phenomena, it is
poasible to explain all the experimental observations based on
either electroc magnetic theory or photon theory. Por example
to understand the emismion of radiation from earth, sun and
also the absorption of radiation in the atmosphere, the photon
theory is more useful., Whereas with the help of electromagnetic
theory it is possible to explain the microwave tranamission,
reflection, wcattering by the earth objects etc. Thereforse we
will consider  here the Planck's photon theory and
Maxwell's electromagnetic wave theory.

3.1 Planck's Radjation Law

The quantum nature of radiation has been put forward by
Planck to understand the blackbody radiation. According to the
quantum theory, the radiation consists of packets of energy
called "quanta®, travel with velocity of light.

These quanta are related with frequency as follows
Q = hv - - - 3.1}

where h - constant of proportionality known as Planck's constant
-34 2

th » 6.626 x 10 WS |}
Q@ - Energy of the Photon
v - frequency

In terms of wavelength, the above equation can be written as
he
}= ------ since ¢ = VA

Planck’'s idea of guantizing radiation led him successfully to the
mathematical description of the spectral distribution of
radiation emitted from a perfect radiator or black body. Planck's
black body radiation law can be expressed as

2
29 he
"B B mmt—eme———— - e - - (3.2)
L3 -
A [exp (ch/ 3 KT l-g
-2 -1
where H’ is the spectral radiant emitance in Wm o m
-34 2
h ~ Planck's constant = 6.625%6 x 10 s
8 -1
c - velocity of light = 2.997925 x 10 m 8
-213 -1
~ Boltzmann'sm constant = 1.308054 x 10 WSK

=~ Abmolute temperature in degrees (K)

» 49 =
i

Wavelength in meters.
A more useful form for eq.(3.2) for calculation purposes is

(]
3.74141 x 10
W TTITmmTemmmee e - - (3.3

5 .
P lexp(11.43879 x 103/ 31)- 1)

-2 -1
where N) is in W m pm, but X in this case in micrometres.

Planck's law fits all the experimental data and agrees
with formulas derived earlier by other investigators in the
wavelength domains where the older formulas are valid. For
example when the wavelength becomes very large (in microwave
region he/akT{(l, it can be shown from eq.(3.2} that

21 ck -2 -1
W, = ot T OWome A - - (3.4

which im nothing but the so-called Rayleigh-Jeans law derived
before Planck's work. The problem with eq.{3.4) is that it
predicts a continual and rapid rise in Wy when the wavelength
becomes small. This is impossible physically because it would
mean that bodies would radiate unlimited amounts ‘of energy as X
decreases, a situation known as the “untraviolet catastrophe®,
Planck's work showed that eq.(3.4) is valid only for long
wavelengths and thereby avoida this so-called catastrophe.

If we pow let the wavelength become small (hefKT>>1]1 and
substitute this condition into eq.(3.2} it can be shown that

2
2 /1 he ~hc/ \ KT watt per square metre per
L] ¥ omss—ome~- @ Angstrom.



This equation is identical to an expreamion known as Wien's law,
which was derived by seniemperical means before Planck’s work.

By addling together the power radiated per unit area per
unit wavelength, W for all wavelengths, one obtains the total
power radiated per lUnit area of a black body, W given by

5 &
2 K 4
[ EEE LS e - T Watts per square metre - (3.5)

Equation {3.%) states that, the total power per unit area of a
black body is proportional to the fourth power of the absolute
temperature. This is called Stefan-Boltzmann law and is another
example of Planck's agreement with earlier work.

that is , .

W=eT watts per square metre - - 13.6)
-8 -2 -4
where c— - is the Stefan-Boltzmann constant;5.67x10 W.m K

Similarly by differentiating the Planck's radiation law
one can show that

1
N max ok ==} )Jmax = a/T - - (3.7
T
where a = 2898 Mm K

The above eguation is known as Mein's displacement law which
states that the wavelength at which mazimum emimsion occcurs is
inversely proportional to the physical temperature of the black
body.

e

tn case 6f Jriy bodies (whose radiation emission power is
less than the black bodies) the radiative power is obtained by
multiplying with the emimsivity terme . Thus

" =€wn o e L L T W.nm 13.8)
nonblack body blackb:. 1y 2 3

Using the Planck's radiation formula, the radiation
spectrum of black bodies of different temperatures are calculated

and shown in Fig.3.1. It can be seen from the Fig.3.1l that when
temperature is equivalent to 6000 K (approximate temp., of Sun)the
miXimum emission falle in the visible region. Similarly when the
temperature is 3100 K (earth's equivalent blackbody temperature)
the maximum emismion falls in thermal region.

3.2 Electromagnetic theory

In the region of microwave radiation, the electromagnetic
wave theory of Maxwell is found to be more appropriate and can
explain all the phenomena. Thus in this mection the basis for
electromagnetic theory of Maxwell has been discuassed.

3.2.1 Fundamental Laws of Electricity and Magnetism

The experimental and theoretical research of Coulomb,
Ampere, FParaday and others during the last part of the 18th
century and the lst part of the 19th century laid the foundation
for an understanding of basic principles of electric and magnetic
phenomena.

Coulowb's Law : This law states that the force of attraction or
repulsion between two charges is given by :

- q 4
P = 1 2

e m——— - - - 1{3.9)

2
4 W€

where r is the distance between the two charges g and q in a
1 2

medium characterised by permittivity € . The electric field
intansity is defined as the force per unit charge i.e.

q
- 1
£ = cmeemeemn- - - (3.10)
2
4 Wer

Faraday's Law : This law states that the electromotive force
femf) induced in a closed path, such as shown in Fig.3.2, is
equal to the rate of change of magnetic flux enclosing the path.
The path over which the electric intenmity im integrated may be
in a conductor or in a dielectric medium or in free wspace. The
integral form of Faraday's law is given by equation {3.11) aa
follows :



{;. a - 4 C o - ean

where @ - B . da
-
Rere E = intensity of electric field
B = magnetic flux denwmity

? = magnetic flux

Ampere's Circuital Law: This law states that the line integral
of magnetic intensity around a closed path is equal to the
current density enclosing the path., This law is illustrated in
Fig.(3.3). The integral form of the Ampere's circuital law is as

followe :

‘5" . ds = i - - - {3.12)

c
where is= fJ.da
]

Here H » intensity of magnetic field
i = current flowing through the conductor

J = current density

The line integral of A.ds is known as magnetomotive force.

Gauss's Law : Gauss's law for electric field states that the net
outward elecktrio flum through any closed surface is equal to the
charge enclosed , by the surface. In an electrostatic field the
electric flux “.-- begin from posmitive charges and end on
negative chargals. Hewever, in time varying fields the electric
flux lines can exist as closed loops. Fig.(3.4} illustrates
Gauss's law for the electric field. This law can be
mathematically represanted as follows :

fn .da =q - - (3.13)

i
where @ = frdv
v

Here D = electric flux density
Q = total charge
f = charge density

Gaums's law for the magnetic field states that the net
outward magnetic flux through any closed surface is zerc. This
can be represented mathematically as follows :

{B « da =0 - - - (3.14)
5

This is equivalent to stating that the aumber of magnetic flux
lines entering any region is equal to the number of flux lines
leaving the region. This shows that there are no isolated
maghetic poles or magnetic charges on which the lines of magnetic
flux can terminate.

3.2.2 Maxwell's Equations

Maxwell, in a wseries of  brilliant mathematical
contributions, skillfully welded the fundamental lawa of
electromagnetic field concepta intec a unified pattern. His
introduction of the displacement current and the assumption that
this produces a magnetic field led him to the prediction of
electromagnetic wave phenomenon. B8ince his theoretical velocity
of propogation of electromagnetic wave proved to be very nearly
equal to the velocity of light, Maxwell concluded that 1light
itaelf is an electromagnetic wave phenomenon.

Maxwell's modification to Ampere's circuital law : Mazwell
showed that current "i' in equation (3.12) must include not only
the conduction (or convection) current but also the displacement
current. Thia ia necessary in order to explain the
electromagnetic wave phenomena in free space or in dielectrics
where the conduction lor convection) current may be negligible.
The modified Ampere's circuital law can be written as :

Sias - L2 5. - Gas
c o

where OD/ Ot is known as the displacemant current density.

Faraday's law, the modified Ampere's law and Gauss's laws
for electric and - magnetic fields can be expreassed in a
differential form using divergence and Stokes thecrems as
follows:

7 x E e - - - (3.16)



VX H =3+ —--- - - - (3.17

V.B - f - - - {3.18)

7.8 = O - - - (3.19

The above four equations are popularly known as Maxwell's
equations. Further it may be noted that

D= EE ' - - (3.20)

B = M B - - 13.21)

where C and AA are the permittivity and permeability of the
medium respectively.

3.2.3 Mave Equation in Homogeneous Unbounded Media

Through proper mathematical tranaformation the wave
equation for the propogation of electromagnetic field can be
derived using the above Mazwell's  equations. Here the
electromagnetic wave eguation for a homogenecus unbounded source
free (J =0, s 0) media characterised by permeability A+ and
permittivity ¢ is derived.

Using the curl operations on equation (3.16), it can be
shown that

. - 38
g N(IXR) - - X (50

Using oqulﬂ‘z& f!.21l the above equation can be written as

- - p alvx;n

I X (T XB) 2 ~eeen e —————

By substituting the value of <] X H from the equation
(3.17) the above eguation reduces to

<9 x (T xED - R

s - /jx & ------- - 13.22)

From the differential vector analysis it can be shown that

<vx(voxg) = 9 (V-BE)-VE

Since the medium is homogeneous and source free, the term ~-E
will vanizsh. Therefore the above equation reduces to

2 -

<X {(XE})=- "7 E - (3.23)
Equations (3.22) and (3.23) can be combined giving rise to
2 -
2 - J E
- <7 £ = -’}JG .......
2
Jt
or
2 -
2 - Jd E
<7 E -/;&E -------- = ¢ - (3.24)

Similarly an equation in terms of magnetic field can also be

derived and the final expression ims a; follows :

~7 = _)Ag---_-_'.' . 0 - - {3.25)

The equations (3.24) and (3.23) are known &8 wave equations for
homogeneous media. The propagation of electromagnetic wave is
illustrated in figure 3.5

=



4. JETERACTION MITH ATMOSPHERE

As mentioned earlier, in the contest of remote sensing the
electromagnetic radiation has to travel from sun to earth and
then back to the matellite. As earth is always covered with
atmoaphere, the electromagnetic radiation will interact with
atmospheric constituents. The type of interactions can be
broadly categorized as absorption and scattering. The resonance
absorption depends on the atmospheric gases and their
characteristic absorption spectra, Fig.4.1 gives an idea about
the structure of the atmosphere with height. The principal
absorbers of radiation in the aiLmosphere are water
vapour, carbon dioxide, ozone, oxygen and aerosclea.

4:1 Atmospheric absorption

The resonance absorption in the atmosphere takes place
whenever the radiation frequency cioncides with the
characteristicg frequency of the atmospheric constituents. In all
other situations the scattering predominates. The
characteristic absorption frequencies of the atmosphere are
discussed below.

The water vapour absorpticon bands are located at 0,72 Mm, 0.82
Mm, 0.93 4Am, 1.13 4am, 1.38 Aam, 1.86 aam, 2.01 i4m, 2.05 .4 m,
2.68 44m, 3.6 um, 4.5 im, 6.3 44m and 17 .4 m and at microwaves
0.16 cm and k.5 cm. Water vapour continuum absorption is alsc
important for space remote mensing applications. CO has a number

2

of absorplion banda in the Infrared region of the spectrum. The
most important band is the broad one centered at about 14.7 & m
where the maximum thermal emission of the atmosphere occurs. CO

has a meries of other bands centered at about 1.4, 1.6, 2.0,
2.7,4.3, 4.8 and 5.2 me.

Ozone which occure in a layer extending from 10 to 60 ks
in height and is concentrated at about 22 kms, has extremely high
absorption in the ultraviolet region. The principie absorption
bande of ozone in the UV, Visible and IR are concentrated at
about 0.15, 0.2%, 6.30, 0.60 and 9.6 Aums. Oxygen has absorption
in the visible, UV and microwave regions; the visible spectrum is
centered between 0.69 and 0.76 4 me. The UV absorption spectrum
is located in the region between 0.18 and 0.25 At ms and the
microwave absorption spectrum is centered at about 0.27 gcm and
0.5 cms.

4.2 Atmospheric Scattering

The scattering of the radiation by the atmospheric
constituents, depends on wavelength, and particle mize. The
Scattering in the atmosphere is actually a multiple process in
which flux scattered by one scattering element can be scattered
again by anothar element. Different types of scattering phenomena
are discussed here.

1. Rayleigh Scattering

Rayleigh Scattering is an elastic scattering.
This is due to the presence of molecules and very small
particles, many times smaller than the wavelength of radiation
under consideration.The probability for this scattering is
inversely proportional to the fourth power of the wavelength.

2. Mie Scattering

This is due to the presence of particles having diameter
approximately equal to the wavelength of the senaing radiation.
This is mainly occuring in the lower part of the atmosphere, that
is below 4,572 metera. The intensity of Mie scattering in
inversely proportional to the wavelength. However, the
exponentional ranges from 0.7 to 2. The particles of smoke and
dust are responsible for Mie scattering in the visible, near IR
and thermal IR regions.

3. Non-selective scattering

This is due to the presence of particles having diameters
wuch larger than the wavelength of the sensing radiation.
Examples for these scatters include water droplets and ice
fragments in the clouds.

4.3 Atmospheric Windows

In view of abaorption and scattering of radiation due to
the a‘' .osphere, the electromagnetic spectrum applicable for
remote sensing gets divided into two major portions. These are
called as atmospheric windows wherein the atmospheric influence
im least and absorption regions wherein the  atmospheric
absorption lines come into picture. Table 4.1 givex windows
available for remote sensing of earth resources in the three
regions of electgromagnetic spectrum.

In thermal and microwave regions the windows are used for
the study of land reasources whereas the absorption bands are used
for the study of atmosphere.

e w>



Pig.4.2 illustrates the wpectral irradiance of direct
"sunlight and after it passes through the earth atmosphere. The
stipulated portion gives the atmospheric abscrption due to the
atmospheric constituents esuch an 03. Hz Q. Cozand 02

?ig.l.f"i*!!itritel the nadir radiance measured fron a
satellite in the [frequency range 6-26 sams, The windows and
absorption bands due to ozone and carbon dioxide are almo
indicated in the figure. The smooth curves give values of black
body radiances at 300 K, 280 K and 260 K. Similarly Fig.4.4
illustrates the transmission of energy through the atmosphere in
the wavelength region 1 - 14 Aims. Wavelength regions of high
transmittance are atmospheric windows. In thiz wavelength region,
the prominent atmospheric constituents, that are responsible for
absorption of radiation are 0 , H O and Coz.

3 2

: Pig.4.%5 illustrates influence of
atmosphere in the microwave region 1-300 GHz. It may be noted
that wherever the resonance absorption takes place the resonance
emission also occurs. Therefore in passive microwave remote
sensing, the atmospheric emismsion becomes wore important than the
atmospheric absorption. As can be meen from the figure, the
prominent atmospheric constituents to be considered are H O and

2
O . HO has an enission line at 22.23%5 GH:x, and 183.31GHz , and
2 2

oxygen has emission lines aroung 60 GHz and 118 GHz. To study the
atmospheric watervapour, 22.235 GHz is useful. Similarly to study
the vertical temperature profile, the frequencies around 60 GH:
are umeful. The lower frequencies are useful for the study of
land resources.

from the above investigationm, the influence of
atmosphere on the waeful portion of the electromagnetic aspectrum
can be summarised a8 follows. The transmission of the atmosphere
in the visible is high. The losses there are primarily due to
molecular and satf®sel ecattering, hardly any molecular absorpticn
occurs in a naturally clear, unpolluted atmosphere. As we move
out into the near IR (0.7 - 3um) we encounter wseveral water
absorption bands and a CO absorption region at 2.8 Jms. In the

2

middle IR (3-8pm) there is a popular window extending from about

3.2 to 4.2 A‘\ms. The thermal IR region between 6 and 15 4« ma

containe another popular window between 8 and 14 4rm, interrupted

by an ozone absorption region between 9 and 10 a4 me. There

follows beyond 14 s ms a strong CO absorption region. The
2

spectrum beyond 15 A m oand about 1 mm is not used for remote
sensing purposes because of the poor transmission characteristics
of the atmosphere (mainly due to watuer absorption) and almo

because of the lack of sensitive detectors and
for this rcgion. At a wavelength of 1 mm. we are
sharp wavelength end of microwave region.

instrumentation
entering the



5. INTERACTION OF RADIATION WITH GROUND TARGETS

Interaction of EM radiation with targets is the central
theme of remote sensing. The interaction mechanism depends on the
nature of the target and the wave band used. For example in the
visible and near IR spectrum, the reflection properties of the
targeta play an important role in discriminating the type of
target. Similarly in the thermal portion of EM radiation,
thermal inertia and related thermal properties are important for
the discrimination of the targets. In the microwave region, the
dielectric propertiesa, absorption and scattering properties are
the central themes in the discrimination of the targets. all
these aspects are briefly touched upon in this chapter.

As can be zseen from Fig.5i) the incident EM wave on a
plane surface with definite thickness undergo three types of
interactions. The incident wave will be partly reflected into the
first medium, partly absorbed in the second medium and the
remaining portion will be transmitted in to 3rd medium.

This can be mathematically represented as

E = B + E + B {5.1)
1) R(Y) AL\ T(HN)
where E - incident wave energy
It %)
E - reflected wave energy in the first medium
RipD
E - absorbed wave energy in the second medium
A()i
£ - transmitted wave energy in to the third medium
T
Dividing eq.(5.1) by E we get
ItM

1aw, O'o(? + ‘J; - (5.2)

where P - reflectivity
d, ~ abmorptivity
43 -~ transmittivity

If the second medium is of infinite dimensiona, as the
case of earth object, the energy that enters into the second
medium will be completely absorbed. Thus

T -0 - - (5.1)

)

Substitute this in (5.2) we get

1-=p, + -(., - - (5.4) .
i.e (A) =3 =P - - 5.5) b
“ P t
Onder thermodynamic equilibrium oonditions, the energy
that is absorbed will be reemitted again in the form of EM
radiation as per the Kirchhoff Law . This is known as the
emissivity of the medium and reprasented as 42?
€, = o, (5.6)
Substituting this in equation (5.5), we get
€ =1-P (5.7) .
A th) A
From the above egquation, it is clear that we must
understand the reflectivity and emissivity properties of the
targeta in the context of remote sensing.
5.1 Reflective Properties of the Targets
Using the Maxwell's equations, derived in the earlier
sections and with appropriate boundary conditions, the equatiu. -
for reflection coefficient can be derived as follows :
et 7
T;l (a‘ L} A\-M('.-' Mp‘;.-ﬁnlvaj (5_ 5;7 -
Ml e S h
€ A, — i€, —5Y0
F(Q")= ..:__.-'_______/_u__________' - (s“q)
€, odl, 4+ Vi, &y — b,
where TF)J - reflectivity for the Horizontal polarization
I?@ v] - reflectivity for the vertical polarization
Y - permiability of medium
€, - permitivitty of medium. B
6% - incident angle i



The above equation refers to a particular physical
situation where the surface is smooth. Thim type of reflection iw
called apecular reflection. If the average dimensions of the
roughness of surface are of the order of the wavelength of the
radiation, diffused reflection (scattering! takes place. This
aspect will be discusaed in the subaequent chapters. Fig.5.2
represents the reflection coefficient of vegetation, soil, water
as a function of wavelength.

5.2, Thermal Properties of the Targets

As per the Planck's theory discumsed earlier,any object
above 0 K emits radiation at all wavelengthf. This has been
illustrated in Fig.3.1. It can be seen from this figure that as
the temperature of the object increases, the wavelength at which
maximum emission will decrease as per Wien's displacement law.
Thus for sun, t.he-) occurs in the visible portion of the EM

max

spectra and for the earth, the 'r comes in the thermal
max
portion of EM spectra.

As explained earlier, the Planck's radiation formula
reduces to the Stefan-radiation formula leq.3.8 ). This
formula for the gray bodies can be written as

5 1
e 2m k% -2
LJ S eemmmros————a T watts m

where € - is the emissivity. In thermal region the emimsivities
0of various materials are given in Table 5.1.

This thétmal radiation emitted by earth due to its
temperature 4is beingd used in thermal remote sensing for the
discrimination o the objects. Even though all the objects on the
ecarth are enpitied to the sunlight egually, different objects
acquire temperatures depending on their thermal properties auch
as thermal conductivity, thermal capacity and thermal inertia.
Fig.5.3 wshows the diurnal variations of the temperatures of
different objects. It can be seen from the above figure that the
maximum variation in the temperatures of different objects are
observed at 2 PM and at about 6 AM. Thuas for a given object, the
difference in the temperatures at 2 PM and 6 AM  indicates the
temperature amplitude of the objects. This temperature amplitude
is governed by the thermal properties of the object.

Thus the thermal remote senming is more fruitful if the

data is acquired around 2 PM or around 6 AM. The bext approach
may be to make use of both the times data collectively for the
analysis purpose., As the thermal emission depends on thermal
properties of the material, we can conmider that the emission can
be a volume phenomena. However, it may be noted that only near
surface emission can succeasfully come out of the medium and the
emission interior to the body will be absorbed within the object
itmelf.

Heat Transfer

Heat energy is transferred from one place to other by
three mechanisms.
- Conduction is the tranafer of heat through a  material by
molecular interaction. For example the transfer of heat
through a pan to cook food.

- Convection is the transfer of heat throughthe physical
movement of heated matter. The circulation of heated water and
air are examplea of convection,

-~ Radiation transfers heat in the form of electromagnetic waves.
Heat from the sun reaches the earth by radiation. In contrast
to conduction and convection, which can anly transfer heat
through matter, radiation can transfer heat through a vacuum.

Thermal Conductivity K

Thermal conductivity K is a measure of the rate at which
o -1
heat will pags through a material and is expressed as C Cal.cm
-1 o -1
sec C

The number K for a material is the quantity of heat in
3
calories, that will pass through a 1 em of the material
]
per second when two opposite faces are maintained at 1 c

difference in temperature.
Thermal Capacity €

Thermal capacity C is the ability of a material to store



heat. It is the number of calories required to raise the
o

temparature of 1 gm of a material by 1 C and is expressed in cal.
-1 -1
gm om

Thermal Inertis P

Thermal inertia P is a weasure of the thermal responae of
-1 1/2
a material to temperature changes and is given in cal. cm aec
o -1
C . The thermal inertia may be calculated from the relationship

1/2
P = (KPC) - - (5.10)

where K - Thermal conductivity

P - denmity
thermal capacity

[x]
1

Table 5.2 lists the thermal properties of geclogical
o
material and water at 20 C. It can be seen from above table that
the average thermal conductivity of the material is 0.006 cal
-1 -1 -1

om nec C, which is two orders of magnitude lower than the
thﬁsral conductivity of metals. Similarly the thermal capacity
ofwF{g greater than any other substances. The thermal inertia

increases linearly with increasing density.
5.3 Microwave Emission and Scattering Properties of the Targets

As discussed earlier, in microwave region two typea of
remote sensing techniques are in use, namely active and passive.
In case of pawsive, the microwave radiation emitted from targets
{T Brightneam temperature) is being detected. The Brightness

B

temperature of the target depends on the temperature and
dielectric properties of the targets. The dielectric constant
inturn depends on wseveral physical and chemical properties of the
targets. In active microwave remote sensing the scattering
propertiesm of the targets are considered. These scattering
propertics mainly depend on dielectric conatant and wsurface
geometry. Thus in this section attention is given to discuaa
emissivity, diclectric constant, surface geometry and scattering.

5.3.1 Brightness Temperature and Emissivity

As per Planck's quantum theory of black body radiation,
the object above 0 K emitts electromagnetic energy. The
mathematical formula given by Planck (Refer to eq.3.2 } is
applicable to only black bodies. In case of gray bodies, the
physical temperature in the Planck's formula should be replaced
with the equivalent brightness temperature, T . Also the

B
simplified form of Pla Jk's formula (Rayleigh-Jeans
Approximation) can be written as

2
2f :
By * mm-mm= KT - - {5.11)
3 2
C
(for black body)
2
1 2f
B T em——— +. KT - - (5.12)
b 2 e
c

The emissivity '€ ' is defined as the ratio of the
spectral brightnesas of the grey body to that of the black body.
Thus

e = meem a mane - - (5.13}

or T = eT - (5.14)

Thus to understand the brightness temperature it is reguired to
knuw the emissivity characteristics. Referring to the earlier
section, eq.no. 5.7

Almo Fresnel reflection equation for reflectivity are
given in egq. nos. (5.8) & {5.9)

It can be seen from the Freasnel reflection equation that
the dielectric constant of the medium plays an important rcle in
determining the reflectivity. The angular dependence of
emissivity for vertical and horizontal polarization are shown in



Fig..’l-‘.

For Horizontal polarization emissivity decreases with
increasing angle whereas for vertical polarization the emissivity
increases upto a particular angle and then decreamses. This angle

is  known izﬁgr§¥sier's angle. Fig.5.5 shows the dependence ol

enis-ivity: eas linearly decreases . It may almo be noted
that the emissivity increases as the frequency increases. As the
roughness increases emiasivity almo increases.

Dielegtric constant

Dielectric constant of a mubstance is one which gives the
electric property of body in an electric {field. All the
substances are made up of molecules or atoms, The negative or
positive charge components of the moleculen, atoms or ions will
be displaced due to the application of an electric field. The
term electric moment is used for describing such a system.

Electric moment = e.r
where A
e - charge relative to a fixed pﬂénp

r - radius vector from the fixed,to e
The moment of a group of charges whose net charge im zero is
called the dipole moment of the system, This dipole moment i»

the main factor in determining the dielectric constantda
substance.

The term Polarization is the ratio of dipole moment per unit
volume.

Polarization = e . r /unit volume

But from Maxwell's Bqustion the Dielectric constant & » D/E

where D _ Displacement density which is depending on the
polarization
E _ electric field intenmity

The dielectric conatant is a complex guantity which depends on
frequency and temperature.

Te understand the dielectric constant let us conmider a
moist moil medium as an example. Fig.5.6 suhows the variation of
dielectric constant am a function of moil moisture at 1.4 GHz for
3 moil types. It can be seen from the above figure that the
dielectric constant increases with moisture content and the rate

of increame is high for the sandy soilws and relatively low for
clay moils. Fig.5.7 shows the dielectric conatant dependence on
the frequency In the frequency region 1-30 GHz,The real part of
dielectric constant decreases as freguency increases and the
imaginary part of dielectric constant increases with increase in
frequency.

As the dielectric constant increases, the reflectivity or
scattering increases. Therefore the emissivity decreames. Table

5.3 gives the dielectric constant of certain materiale.
Dielectric constant also depends on temperature and salinity.

$.3.2 Pack Scattering Coefficient

The systems used in active microwave remote sensing are
generally scatterometers, altimeters, side looking airborne
radars and synthetic aperture radars. The basic principle of the
radar is described by the famous radar eguation as follows :

P 2 2

P A - {5.15)

where P a2 receiving power

P = tranamitted power

t
G = GCain of either antenna
N = wavelength of the transmitted waves
R = Slant Range
e~ = Radar differential scattering crosa section

The above equation is derived for a target. For an extended area
target the above equation can be modified an follows :

PF N S, dA (5.16)
3 4
(anm) R
illumi-
nated area

This above equation refers to the remote sensing
situation, The gquantity of is called the differential
scattering cross-section or cross-section per unit area.
Therefore



c— = mean value of -=--~- . - {(5.17)

If we consider the differential acattering cross-section
per unit projected area rather than per unit ground area, then

™" = mean value of -t - (5.18)

ab

— is also referred to backscattering coefficient. ¥n
“The backscattering coefficient usually depends on the system
parameters such as wavelength, polariaation, look angle, and the
target parameters such as dielectric conatant, roughness,slope
inhomogenity (vertical and horizontal). The back scattering
coefficient decreases with increasing look angle. Similarly the
backscattering coefficient increases with increasing moil
moisture [Fig.5.8 I.

Regarding the dependence of backscattering coefficient on
surface roughness, first of all it is necessary to define the
parameters to characterize the surface roughness. Usually the
mean standard height variation o— and the correlation length 1
are used to represent the rough surface.

The o= and ] describe the statistical variation random
component of surface height relative to a reference surface.

For one dimensional surface profile, we can calculate
o— as follows :

1 2 _ 2 1/2
o -l--»-g_y {(Z) -N2)
N-1 “T=1 i

where N - no. of samples
z - haight of the profile
i
- N

i=1 i
The surface correlation length 1 usually defined as the

displacement x at which the auto correlation fuanction (x')
reduces to 1/e th times of its value

where zZ 2 -f
f’ N+i-9 L j*1 » ¢
(x'} = = R ¢ el
3
§ > f_zr
9 [T ) q L

N 2z
1 4
el i

Fig.5.9 shows the concepts of scattering of radiation by
the rough surfaces. When the surface is smooth all the scattered
radiation is in the directicn of normal reflection which is known
as mpecular reflection. As the roughnesa imoreases the guantity
of scattered radiation in all the directions increases. This
phenomena is known as diffuse reflection. When the surface iws
highly random, the scattered power reaches an isolropic
distribution which is independent of angle of incidence.

From Fig. 5.10 it can be seen that as the
roughness increases, the sensitivity of the backscattering
coefficient with reference-}o look angle decreames. Purther it
can be observed that the bYscattering coefficient is independent
of the surface roughneas in the look angle 7-10 degrees.

5.3.3 Influence of vegetation on Microwave Remote Sensing

In passive microwave remote sensing the presence of
vegetation decreases the sensitivity of brightness temperature to
soil moisture. However, influence of vegetation is more in high
soil moisture content region. Similarly in active microwave
remot.e sensing the presence of vegetation decreases the
sensitivity of backscattering coefficieht to the s0il moisture.
However, the vegetation effect is predominantly seen in low scil
moisture condition (Fig.5.11a,b).

The vegetation effect on backscattering coefficient as
per cloud model in as follows.

e - im canopy or total back scattering coeffient
o {®) - is the vegetation backscattering coefficient
c— (8) - is the woil backecattering coefficient

L () - is the one way loss factor of vegetation layer



6. REMOTE SERSING SENSORS

In remote sensing the reflected/emitted/scattered
radiation from earth objects will be detected by the sensors
mounted onboard the satellite. The utility and application of the
data mainly depends on the type of sensor and the resolving power
of the sensor.

6.1 Visible-~IR sensors

As refered in Table 2.2 for different reglons of
electromagnetic spectrum different types of detectors/sensors are
used to record the radiation. 1In visible and near IR portion of
the electromaghetic spectrum three types of mechanism are in use,
namely, Imaging type, Scanning type and push broom type [Linear
imaye Self Scanning {(LISS}] as shown in Fig.6.1.

In Imaging type of Systema, the complete seen information
will be mnaped at a time and projected by the camera optice on
the face plate of a Return Beam Vidieocon. An example of such
systems are TV cameras mounted on Bhaskara T & II satellites. RBV
camera (Return Beam Vidieocon) mounted onboard in Landsat series
aof matellites. :

The acanning systems use the wcanning mirror which
projects the image of one resolution element on a single
detector. The cross-track scanning covers the imaged swath
across the track. In some cases a limited number of detectors are
used so that each scan covers a mset of cross-track lines instead
of a single one. The platform motion carries the imaged swath
along the track. Examples of such systems are the Landsat MSS and
Thematic Mapper (TM).

The pushbroom images delete the scanning mechanism and
use a linear array of detectors to cover all the pixels in the
cross-track dimension. This allows a much longer detector dwell
time on sach surfece pinel, thus allowing much higher sensitivity
and a narrow band width of observation. Examples of such systems
are the SPOT ca- ra and IRS-LISS I & II.

The characteristics of Landsat MS8$, Landsat-TM, IRS-LISS,
SPOT camera are given in Table 6.1 ~ 6.4.

6.2 Thermal Infrared Sensors

Thermal Imaging sensors operate in the same fashion as
vigsible and near IR sensors. The major differences are that the

mignal is usuvally significantly weaker and presently available
detectors are leas sensitive. This leads to sensBors with lower
regsolution and longer dwell time, and to the need for cooling the
detectors to reduce the thermal noime. The examples of thermal
infrared senmsors are Heat Capacity Mapping Machine (HCMM) and
some of the spectral bands in TM. The characteristics of HCMR are
given in Table 6.§.

6.3 Microwave Sensors

As explained earlier in microwave remote smsensing there
are two types of systems. The passive systems are called
Radiometers and the active systems are called Scatterometers,
al;imeters. Side Looking Airborne Radars and Synthetic Aperture
Radarms.

6.3.1 Radiometers

In all most all surface applications, imaging microwave
radiometers are used instead of nadir line wmscan aystem. The
imaging ims achieved by mechanically scanning the receiving
antenna beam across the mwath. The satellite motion allows the
imaging along the swath (see Fig.6.2). Imaging Radiometers
coneists of three basic elements namely, (i) an antenna and its
associated scanning mechanism which collects incoming radiation
from specific beam pointing directions, {(ii) a receiver which
detects and amplifies the collected radiation within a specified
frequency band and (iii) a data handling system which performs
digitizing, multiplexing and formatting functions on the received
data as well as other calibrations and housekeeping data.

Resclution and Limitation of Radiometer: Two of the mast

important parameters of radiometers are the ground resolution and
measurement accuracy. The specified temperature measurement
accuracy of presently available radiometers is 0.1 K The
achievable ground resolution of microwave radiometer depends
upon the height of the platform and on the beam width of the
radiometer antenna. The beam width of a pacabolic antenna can be
expressed as

4) = 1,2 . (radians)
B D

where cP is the antenna beam width
B

'h - is the wavelength of the receiving radiation, and
D =~ is the diamneter of the antenna aperture.

From a platform flying at an altitude H, the linear extent of the
resolut iun element will be



AY - He@ = 1.2 S

D

Now consider the two cases, in which the radiometer the mounted
at different atitudes.

{1) Lower altitude :

Let 2 = 3cm
D = 1m
H = 5 Km {(aircraft altitudes)

In this case resolution is 180°m
(2} Higher altitude :

Let ) L] I em
D a 1m
H - 500 Km (matellite altitude).

In thil‘re-olution is 18 Knm.

A number of microwave radiometers, have been flown on earth
orbiting and planetary missions. For example the Scanning
Multichannel Microwave Radiometer (SMMR) waa launched on Seasat
and Nimbua-7 satellites. The SMMR instr.=ent characteriatics are
given in Table 6.6.

6.3.2 Scatterometer/Radar

Radar is an acronym for Radio Detection and Ranging.
Radar transmits the signals and receives the signal reflected by
the target. The return radar signal is given by two sets of
paramicters namely target and system parameters as explained
ecarlier. The distance of the target from the radar is determined
by the time taken by the radar signal to travel to the target and
back. The basic principle of the radar is discussed in the
earlior sections.

A calibrated radar is known as a Scatterometer. It is
used for measuring the backscattering coefficient of the target.
There are two ways of calibrating the radar.

- Internal
- External

The internai calibration permits the determination of relative
scattering coefficient, whereas the external calibration permits
the absoclute determination of the scattering coefficient. The
internal calibration is done by the ratio method in which a

sample of the transmitted signal is passed through the receiver.
The external calibration is done with the help of a astandard
target whose scattered coefficient is known.

6.3.3 B8ide Looking Airborne Radar (SLAR)

Side Looking airborne radars are normally divided into
two groups namely Rea) aperture radar and Synthetic aperture
radar. The real aperture radars depend on the beam width
determined by the actual antenna and is known as real aperture
SLAR or real aperture radar (RAR}). The synthetic aperture radar
(SAR) depends upon mignal processing to achieve a very narrow
beamwidth in the along track direction than that attainable with
the real antenna.

In the real aperture system the cylindrical type antenna
is mounted along the mide of the aircraft which is lony in one
direction (to achieve narrow azimuth beam) and narrow in the
other. The picture taken by SLAR is not snapshot but it is
obtained by sacanning the terrain. The antenna directs the
micrawave enpergy into a narrow fan shaped beam, which defines the
narrow path or line acroas the terrain strip that is
approximately normal to the flight track. The antenna is fed with
a pulmse of microwave encrgy which propoyates at a speed of light
within the beam and succesmively illuminates pointa along the
line. The signal mcattered will return to the aircraft. The time
delay associated with this received signal gives the distance
between the target and the radar.

Resolution of SLAR : The concept of resclution of SLAR is sghown

in Fig.{6.3), A amall resolved area is achieved by transmitting a

pulse of short duration P , with a narrow azimuth beamwidthip ).
h

The returned signal received at the antenna at the time t, after
ct
transmission, can have a slant range increment from R to R + --—-.

The resclution achieved for a rectangular pulse in the slant

T
range direction is Tk oLt

The total time delay experienced by the radar signal going to a
point at a slant range R is

T = 2R/C
But cne is usually m.- e interested in the ground range/acroes the

path resolution(alsc known as range rcesolution) and can be seen
from the resolution geometry {Fig.6.3) of SLAR. That ix

s
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where @ is the angle of incidence from the vertical. The

resolution along track direction {known as azimuthal resclution)

in simply the arc length corresponding to the horizontal

beamwidth F. ., that is resclution along the track direction is
h

given by

T, MO s

where h is the height of the radar. From the above two
equations, it can be noted that across track resoclution is
degraded at whort distances and along track resolution is
degraded at long distances. It can alsc be noted that the across
track resolution is independent of the height of the platform of
the wmenmor and the along track resolution is dependent on the
height of the platform. Since antenna length is physically
limited by aircraft, most real aperture SLARs use wavelength
between 3 and 0.8 cm to achieve beamwidth of the order of
milliradian, as required for high resclution radar mapping.

6.3.4 Synthetic Aperture Radar (SAR)

The synthetic aperture radar (SAR) aystem han an
advantage over the real aperture radar {RAR) system in that the
resolution is independent of the platform altitude. Hence, such a
aystem may be used in either an aircraft or a spacecraft without
compromising the resclution. Thus for fine resolution the
synthetic aperture radar system calle for a short antemna,
whercas the real aperture radar system calls for a very long
antenna.

In RAR and SAR systems, the platform moves along a
straight path im a direction obligque to (typically at right
angles) the target which is to be imaged. The returned signals
from the target are filtered out electronically mo that the image
is reduced from the signal returned from only a narrow path of
the beam. In other words, a ccherent phase history of the
returned signal i® generated and further through a signal
processing technique, extremely high resolution in  azimuth
direction is obktained.

The SAR can be connidered in different points of view for
along track resolution ecach of which leads to a different
implementation. Some of the points of view for synthetic aperture
area

«~ Doppler beam sharpening
- Synthetic aperture approach

The Synthetic aperture and Doppler beam sharpening
approach discuss the resolution only in along track direction.
The methodology for the acroas track resolution for SAR is
identiffcal to that of SLAR which hae been dimcussed earlijer.

Synthetic Aperture Approach : In this approach the attainable
along track resolution is substantially finer than the gquantity

MR/D in the case of RAR. This approach is illustrated in
Fig.6.4. As shown in Fig.6.4 the antenna beam has an along track

width L
L = . R
p h

The radar antenna on the airborne vehicle is shown at three
different locations, A, B and C. At location A, the forward edge
of the beam is first intercepting the target; at location B the
antenna is abreast of the target and at location € the aft edge
of the beam is just leaving the target. Thus, the total possible
length of the synthetic aperture L is simply the resolution that

would be obtained with the RAR antenna i.e.,

L - Fh.k

Here [) is the horizontal or along track beamwidth of the real
h

antennna. The target can be seen through a distance L, moved by
radar. This means the antenna is synthesised into a length L.
Like in passive remote mensing system, an angular resolution for
a radar synthesised aperture of length L. can be written as
follows

p' = >/L

In considering the beamwidth of a synthetic antenna, the
affected phase shift associated with a given target due to two
way propogation between the antenna and target must also be taken
into account. Therefore, cffective angular resclution F;' for
synthetised aperture antenna length L is

flence the beamwidth for the synthetic aperture radar is half that
for a real aperturc having the same length.



Now the linear along track resolution at slant range R
bacomes

Yx'RF'=R"'a--

2L
Substituting the value L = ’3h R, the above equation reduces to

¥y =D/2
i

Thuas the theoretically achievable along track resclution
'Y is just half the antenna length and ia independent of the
x
alant range R and the operating wavelength A . This implies
that the smaller the antenna size D, the better the along track
resolution.

7. Remote Sensing Satellites

So far we have discussed about the sources of energy and
its interaction with atmospheric gases, target parameters etc.
We almso discussed the types of sensors required to detect the
electromagnetic radiation. These wensors are conveniently placed
on the smatellites in view of the advantages of matellite remote
senBing. Basically there are three categories of satellites
namely (i) Geo-synchronous mate)lites,(ii) Bun-synchronous (polar
orbit} and (iii) Low orbit or inclined orbit satelliten.
Depending on the purpome and the need, these satellites are being
ueed. In this section the orbital parameters of different
satellites and their applications are discussed. Table 7.1 gives
the orbital parameters of some of the important satellites.

7.1 The Geo-statiopary Satellites

The geo-stationary satellite is the one which remains
stationary always with respect to a particular geographical
location. To watisfy this condition ites orbital plane should
coincide with the equitorial plane of the earth. Also the period
of the matellite should be eguivalent to the period of the earth
rotationi.e. 24 hours. To satisfy this condition the altitude of
the satellite should be of the order of 36000 Kms.

The geostationary msatellites are generally used for
communication purposes and meteorological applications much as
the study of clouds. Some of the Geostationary satellites are
INSAT series, METEOSAT, APPLE, GOES, Meteor, SFROS—N.

7.2 Sun Synchronous Satellites

The sccond category of the satellites are the sun
synchronous satellites. The meaning of this is that whenever the
gatellite arrives over a particular geographical location it
always arrives at the same local time, To achieve thims condition,
the period of the satellite should be of the order 1-1/2 hour and
the inclination should be close to 90 degrees. In this Bituation
it is possible to cover the complete globe once in every 15 days
or mo. The altitude of the satellite is around 1000 Kma.
However, the actual orbital parameters will depend on the weight
of the satellite.

Sun Synchropous satellites are extensively used for earth
resources studics because of its repetitive coverage under
mimilar illumination conditions. Some of the examples of these
are Landsal series, 1RS, SPOT, NIMBUS wseries, Seasat, NOAA
series, Landsat serica ERS-I.

E4Y



7.3 Low Orbit Satellites

The third category of satellites are low orbit
satellites. These nmatellites will have the altitude arouned 400
» Km with an inclination of the orbital plane of about 45 with
the equitorial plane. The period of these -atelliFen are less
than the sun-synchronous satellites. These satellitews are also
used for remote sensing purposes. Some of the examples for these
types of satellites are Bhaskara I & II, SIR-A & B, MOMS,
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TABLE 2.1

Names of Wavelength Regions

Spectrum name Spectrum subname Wavelength

T o L e T P —

Ultraviolet Far-ultraviolet (FUV) 0.01-0.20 um
Middle ultraviolet (MUV) 0.20-0,30 um
Near ultraviolet (NUV) 0.30-0,38 um

Visible Violet 0,38-0.45 um
Blue 0.45-0,49 um
Green 0.49-0.56 um
Yellow 0.56-0.5%9 um
Orange 0.59-0.63 um
Red 0.63-0.76 um

Infrared Near infrared (NIR} 0.80-1.50 um
Short-wavelength infrared (SWTP) 1.50-3.00 um
Middle-wavelength infrared {MWIR} 3.00-%.00 um
Long-wavelength infrared (LWIR) 5.00-15.0 um
Far infrared {(FIR) 15.0-300.0 um

Microwave Submillimeter 0.01-0.10 cm
Millimeter 0.10-1.00 cm
Microwave 1.0-100,0 ¢m

1



TABLE

2.2

Remote Senaor Types and Applications

Remote Sensors

Scintillation counters
Camma-ray spectrometer, Geiger
counters
<0.003 ~ 10 nm

Scanners with photomultipliers
Image orthicons and cameras
with Filtered infrared
Film >2900 A
10 - 400 am

Camelas
Using conventional B&W and
color film
0.4 - 0.7 um

Using infrared film (B&W and
IR color)
0.6 - 0.9 um

Multispectral units
0.3 - 0.9 unm

Lidar
Laser radar
0.4 - 1.1 um

Radiometerw (infrared)
Thermal IR band
2.5 - 14 um

Measurement of emitted
natural radiation by gamma
ray detectors: Nal,film,etc.

Records incident natural
radiation. Imaged ultra-
violet spectroscopy
available.

B&W film for high spatial
detail. Improved spatial
detail through contraat.

Greater reflectance gradi-
ents useful for vegetation
suUrveys.

Individual narrow band
scenes available with
multi-camera systens

Monochromatic active
system for measureing
backscattered EMR from
atmosphere, particularly
particulates.

Generally measures total
radiation in a wide band
in the infrared region.
Imagery obtained by
scanning techniques.

TABLE 2.2 continuation

Remote sesnsor types and applications

Photometers
D.4 -~ 0.7 um

Spaectrometers
In any spectral region

Solid-state detectors
Single detectors
Linear arrays
Matrices
1.0 um - 1.0 mm

Radars 1 mm-0.8 m

Radiometeras (microwave)
1 m -0.8m

Measures luminous flux

in various bands of the
optical region for distri-
but ion, celor, etc.

MNarrow-band data available
% -mentially-EMR amplitude
vs frequency.

Single detecting element
used in scanners, radio-
meters. One-and two-dimen-
sional arrays for sequen-
tial data gathering.

Narrow-band active systems.
Both analog data and
imagery available.

pPassive systems. Both
analog and imagery available.

o — - T - Y W A



TABLE 2.3

Comparison of different Remote Sensing Approaches

Advantage

-

Disadvantages

- -

Noise
source

visible and High resolution Very less penetra-

infrared
(0.3-3 um}

Thermal
infrared
(10-12 um)

Passive
microwave
{1-50 cm}
{0.6-30 GHz)

Active
microwave
(1-50 cm)
(0.6-30 GHz)

Righ resolution
is pomssible
(400 M) large
swath width
basic physics
well understood
Day-night capa-
bility

Independent of
atmosphere and
cloud cover;
moderate vege-
tation penetra-
tion, indepen-
dent of sun
illumination
all weather
capability and
day/night
capability

Indeplbdent of
atmosphere and
clouwd cover,
high resclution
possible,
independent of

sun illumination

all weather and

tion power

{it responds only
to a thin surface
layer); cloud cover
limits frequency

of coverage; the
physical concepts
are not adequate

to analyse the data

Cloud cover limits
frequency of
coverage

Poor spatial
resolution

(5-10 KM)
interference
from man made
limits operating
wavelengths

Limited swath
width and calibra-
tion of SAR

day/night capability

- o’ ——

Surface
roughness,
surface
cover,
atmospheric
attenuvation

Local
meteorological
condition
partial
vegetation
cover, surface
topography

Surface
roughness
vegetative
cover
temperature

Surface
roughness
slope, vegeta-
tive cover

TABLE 4.1

Major Atmospheric Windows Available for Bpececraft Sensing
{Clearest Windows shown in Boldface)

Ultraviolet and visible 0,30-0.75 um
0. 71"0 . 91
1.0-1.12
1.19-1.34
1.55-1.7%
2.05~-2.4

Near-infrared

1.5-4.16
4.5-5.0

Mid-infrared

8.0-9.2
10.2-12.4
17.0-22.0

Thermal infrared

2.06-2,22 mm
J.0-3.75
7.5-11.5
20.0+

Microwave



TABLES 5.1 TABLE 5.2

o
Emissivity of representative samples of various materials . Thermal properties of geologic materials and water at 20 C

daterwmined in the 8 to 12 um wavelength region ' " . .

Geclogical Thernal Thermal Thermal
-------;;;crial Emissivity, naterials conductivity Denweity oapacity inertia
Granite 0'856 2. Clay =moil (moist} 0.0030 1.7 8.35 0.042
Dunite e 3. Dolomite 0.0120 2.6 0.18 0.075
Obsidian 0.870 4. Gabbro 0.0060 3.0 0.17 0.055%
geld§gar Fough 0.898 8. Granite 0.006% 2.6 0.16 0.052

r 1te, .

e IO ¢+ A - B
Quartz sand, large grains 0 one 0. Marble 0.008S 2.7 0.21 0.056
Nolomite, polished 0 914 9. Obaidian 0.0030 2.4 0.17 0.03%
Basal@. rough 0.958 10. Peridotile 0.0110 3.2 0.20 0.004
Dolomite, rough 0'959 11. Pumice loose 0.0006 1.0 0.16 0.009
zaphal: Pav;:s v 0'966 1§. Q:ar:tit. 0.01§g 2.7 0.17 0.0:;
oncrete wa & . ‘ 13. BRhyolite 0.00 3 0.16 0.0
Water, with a thin film of petroleun 3'3;§ 14, sandy graval 0.0060 3.1 o.%o 0.050
Water, pure 993 15. Bandy soil 0.0014 1.8 .24 0.024
""""""""""""""""""""""""""""""""" 16, Sandstone, guartz 0.00622 2.5 0.19 0.054

17. Berpentine 0.0072 2.4 0.2) 0.063

18. 8hale 0.0030 2.3 0.17 0.034

19. Slate 0.003%0 2.8 0.17 0.049

20. Bycnit. 0.0044 2.2 0.23 0.047

21, Tuff, walded 0.0028 1.8 0.20 0.032

12. Water 0.0013 1.0 1.01 0.0337

- - - -



TABLE 5.1 TABLE 6.1

Microwave dielectric Properties of Sample Materials Multispectral Scanner Characteristics
{Moat at 3 x 10‘7 Hz) ) - -
-------------———-—-~—--------——! --------- e m———————— Spectral bands 0.5-0.6 vm
Material ot 0.6-0.7 um
------------- s ety e 0.7-0.8 va
Sandy, dry soil 2.5%% 0.006 0.8~1.1 um
Loamy, dry soil 2.44 0.001 Swath width 105 kn
Preshly fallen snow 1.20 0.000) Ground resolution 2 m
Diatilled water 77 0.157 Bit rate 15 Mbita/sec
Mahogany 1.9 0.025% Quantization level 64 (6 bitw)
k)



Spectrnl Band {(um)

A e e oy e

0.45- 0 32

0.52-0.6

0.63-0.69

0.76+0.9

1.55-1.75

2008‘2035

10.4-12.5

Swath width
Ground resolutiocon

Quantization level

TABLE 6.2

Thematic Happer Characterxltxc-

Radlonetrxc

Sensitivity

(NE 4 PN) Application
0.8 8o0il type discrimination,

soil/vegetation difference,
coastal water mapping

0.5 Vegetation vigor and growth
rate
0.5 Chlorophyll absorption/species

differentiation, crop
claswification, ice and snow
mapping

0.5 Water body delineation,
biomass survey

1.0 Snow/cloud differentiation,
vegetation moisture cenditions

2.4 Distinguish hydrothermally
altered zones from nonaltered
zones

Surface temperature measure-
ment land use, plant heat
stress

185 km

30 m on firat 6 channels (bands 1-5, 7}
120 m on thermal IR channel (band 6)

85 Mbits/mec

256 (8 bite)

---------------- A ey L by - - - -

Data are

Table &.3
Characteristios of IRB IA LIS8 1 amd 1X
T gemsors Swath Resolution
EE;;‘; ----- 148.48 kn 12.0 k»
one Camers e
Eiia-xx 145.48 km 36.25
Two Camera

Band Spectral rlnlc Appligftigg _____________
T ~------—*:--? ------ Sensitivity to sedimentation
! 0.45 - .62 ma deciducus/confercus forest
cover discrimination
-E ------------ 5-35-:-5-35--_ Green reflectance of healthy
volotatlon _______
----—-—‘-----—‘----:--T-;--— Bcn.itivlty to chlorophyll
3 8.62 8.8 absorption by vegetation
differsntiation of soll and
geological boundnricl o
----------- -v--j--*:-;?;; Sensitive to grean bio mass
‘ o7 and loiuturo in vegetation



Table 8.4 ”
Characteristicas of SPOT.

Bensors Wavelength band Resolution

- i S 8 R R T T oAk A A U Y R A e W M= v e o A S D A SR M M R ek e

High Reaclution visible
(HRY)

Maltispectral mode

Band 1 2.5 - .59 20w
Band 2 9.81 - &.68 b
Band 3 9.79 - 2.89 20 m
Panchromatic mode 3.51 - 8.73 10 m

[P PP p————————— R PR S R ettt

Table 8.5
Charscteristios of BOMR

Bensors Wavelength Resolution Swath Range
(wm)
HCMR
Heat Capacity Mapping

Radiometer
Yiaible #.5-1.1 609 m T16 km 2-190%
Channel Albedo
Thermal 12.6 - 12.56 GO0 m 718 km 2689-340
Channel kelvin



TABLE

SMMR Instrument Characteristice {(Norminal)}

6.6

- - - e e U - o

Characteristics 1
Freguency {(GHzx) 6.6
RF bandwidth (MHsx) 220
Integration time {(msec) 126
Sensitivity, T (K} 0.9
rms
Pynamie range (K} 10-330
Absolute accuracy (K)
{long-term) 2

IF frequency range (MHz) 10-110
Antenna beamwidth (deg) 4.2

Antenna beam afficiency (%) 87

¢.9
10-330

10-110
2.6
87

10-330

10-110
1.6
a7

220

62
1.5%
10-330

2
10-110
1.4
a7

3o
1.5
10-330

10-110
n‘e
87

-

- - - - — -

1.

2.

10.

11.

12,

13,

TABLE 7.1

Orbital Parameters of Certain Batellites

Satellite
name

LANDSAT
1,2,3

NOAA
6,7.8,9
(TIROS N
series)
LANDSAT 4.5
NIMBUS - 7

Heat capacity
Mapping miss-
ion (HCMM)
SPOT

IRS - 1
METEOSAT 1,2
APPLE

INSAT 1B

INSAT 1C

Seasat

Bhaskara
I & II

orbit type &
altitude

Sun-synchronoua
919 km.

Sun-synchronous
833-870 km.

Sun-synchronous
705 km.

Sun-synchronous
995 km.

Sun-synchronous
620 km.
Sun-synchronous

B32 km

Sun-synchronous
900 km.

Ceostationary
35900 km.

Geostationary’
36000 km.

Geostationary
36000 km.

Geostationary
36000 km.
800 km.

Inclined orbit
525 km

Period and Repeat
equator and cycle -
crossing time {days) )
{Local)

——— 18
9.30 hrs
101.6-102.4 mta

71.30, 19.30,
14.00, 02.00 hrs

99 mta
9.45 hra.
104 mta

10.30 hrs

103.2 mte

24 hrs

24 hra

24 hrs

24 hrs

100.75 mtw

1/2

16
16

156

22

Py o .



FiG.1.1a. Concepts of visible £ near IR remote sensing
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FIG. 1.1d Concepts of remote sensing in thermal ond microwave
fregions of EMR
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