Dr.N.Srinivasa Rao

Scientist
Indian National Centre for Ocean Information Services

(INCOIS)

Ministry of Earth Sciences, Government of India
"Ocean Valley", Pragathi Nagar
Hyderabad - 500 090

srinivasn(@incois.gov.in
yoursrinu@hotmail.com
mobile:9392011134




Geoinformatics?



Geoinformatics is the study

and application of
geospatial information.
This includes data about
the Earth's surface and its
features, collected through
vdrious methods like remote
sensing, GPS, and




Data and spatial




Rainfall forecast o‘;‘ % METEOROLOGY
Date: 2024_Nov_21 g) FACILITY

*Rainfall forecast based on 2024 Nov_2012_UTC

?f.mm)

{“;?‘““";f}

Source: Experimental weather predictions - ISRO: SDSC SHAR



Maximum Temperature Forecast — Telangana 9 ‘;“% METEOROLOGY
Date: 2024_Nov_21 L Z) FACILITY

*Forecast based on 2024 Nov_2012_UTC

Nov_23

Source: Experimental weather predictions - ISRO: SDSC SHAR



Does not have a geographic
component

Can be about people, products,
or events

Can be represented by
numbers, text, or images

Can be used to answer a
variety of questions

Has a geographic component

Can be about physical objects, events, or both

Can be represented by coordinates, shape, or
topology

Can be used to answer questions about the
world around us, such as finding the nearest
coffee shop or identifying areas with high
crime rates



v'6IS is an abbreviation of Geographic Information System.

ﬁ

Data is not sharable Data is

sharable

v v
points JR ne_J polyoors:

vGIS, in a very simple term, is a combination of Maps and database
(6IS= Maps + Database)

v'In other words, GIS is a spatial database.
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Water bodies (vectors)
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Raster overlnid vectors
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Raster overlaid vectors (forest)




COL COL COL COL coL

#1283 w4 #S

ROW#L: | 15| 23| 29| 32| 35

ROW #2: 17| 24 | 25| 25| 32

ROW #3: 19 27 23| 23 30

Example of a simple 5-column by 3-row raster digital image.




Why do we veed
to study




Remote sewsing is
essential for
mderstanding and
Mmanag\ngy our
planet's recources,
cnvironment, and
socletal
challengesitl




What is Remote Sensing?




Remote Sensing

Our five senses

Sight

hearing =~ Remote sensing

Smell

taste

. touch } Only sensing




Satellite Remote Sensing?

Remote sensing is the science of acquiring information about the Target without
being in contact with it.

Reflected EME

Emitted EMR







Orbit’s

The path followed by a satellite is referred to as its orbit.

Two important types of orbits are

e Geostationary orbits

are in the same plane as the equator and are about 36000 km away from the Earth.

e Polar orbits

pass very close to the north and south poles (also known as near-polar orbits). They
are about 700 to 800 km away from the Earth. Orbits

Polar

Geostationany




Geostationary orbits (Geosynchronous Equatorial Orbit)
(Geo = Earth + synchronous = moving at the same rate).

Satellites at very high altitudes, which view the same portion of the
Earth's surface, always have Geostationary orbits.

At altitudes of approximately 36,000 kilometres, these geostationary satellites revolve at speeds
that match the rotation of the Earth, so they seem stationary relative to the Earth's surface.

This allows the satellites to observe and collect information continuously over
specific areas.

Weather and communications satellites commonly have these types
of orbits.

Due to their high altitude, some geostationary weather satellites can monitor
weather and cloud patterns covering half of the hemisphere of the Earth.

T CCRS [ CCT



" and “Geosynchronous" are often used interchangeably, but they have

slight differences:

A geostationary orbit is a type of orbit where a satellite is
positioned at a fixed location and orbits at the same
rotational speed as the Earth. As a result, it appears to be stationary relative to the

Earth's surface, remaining fixed at a specific point above the equator. Geostationary
orbits have an , which allows satellites to maintain a constant

position relative to a specific location on the Earth's surface. Geostationary orbits are
commonly used for communication, broadcasting, and weather observation.

Geosynchronous Orbit (GSO): A geosynchronous orbit is a type of orbit where a satellite
takes the same amount of time to complete one orbit as the Earth's rotational period,
which is approximately . However, unlike geostationary orbits, geosynchronous
orbits do and
they may have some degree of orbital inclination. Geosynchronous orbits are also used
for communication, navigation, and scientific research.



INSAT 3D

Int'l Designator 20130388

Type PAYLOAD
Apogee 35800 km
Perigee 35789 km
Inclination 0.03°
Altitude 3578238 km
Velocity 3.07 km/s
Period 1436.13 min
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Satellite Communications
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OCEANSAT 2
Find all objects from this launch...
Int'l Designator  2009-051A
Type PAYLOAD
Apogee 728 km
Perigee 726 km
Inclination 98.30°
Altitude 726.65 km
Velocity 7.49 km/s
Period 99.19 min
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Near Polar Orbits

1 ® CCRS/CCT

eSatellites in a polar orbit do not have to pass the North and South Pole
precisely; even a deviation within 20 to 30 degrees is still considered a polar
orbit.

ePolar Orbit: Satellites in a polar orbit pass over the Earth's poles and cover
the entire Earth's surface over time. They are commonly used for Earth

Time period~I00min

observation, mapping, and scientific research.

e Sun-Synchronous Orbit (SSO): Satellites in SSO are designed to pass over
the exact location on Earth at the same local solar time in each orbit. They are
commonly used for Earth observation, remote sensing, and climate
monitoring.

oA satellite in orbit would usually be at an altitude of between 600 to 800
km. It will be travelling at a speed of approximately 7.5 km per second.



Satellite swath

As a satellite revolves
around the Earth, the
sensor "sees" a certain
portion of the Earth's
surface.

The area imaged on the
surface, is referred to
as the swath.

& CCRSJCCT

Imaging swaths for
space borne sensors
generally vary between
tens and hundreds of
kilometers wide.

J




Satellite Coverage
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Digital Image

Pixel and digital number (DN)

oA typical image derived from sensor consists of small equal areas referred to as picture
elements, or ‘pixels,’ arranged in regular rows and columns.

eEach pixel has a numeric value called a digital number (DN), which records the intensity

of the E|€C'|T'Om09ﬂ€1'ic eﬂer‘gY measured over the area of the earth
represented by the pixel.

Pixels
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Electromagnetic energy?

Electrical |
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There are three mechanisms by which energy is transferred

Convection
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Conduction Radiation

* Heat transfer through molecular vibrations from °Radiant energy - "rhe fransfer of energy
warm to cold via electromagnetic waves.
eMedium is required * Medium is not required
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Heat

Ozone Layer

Convection

‘Transfer of heat through mass movement of a
substance

Terrestrial Radiation

. Medium is required

*the "substance" could be air or water




Light or Electromagnetic energy or Electromagnetic radiation

The electric and magnetic fields oscillate at right angles to each other,
and the combined wave moves in a direction perpendicular to both
electric and magnetic field oscillations.
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E v = frequency £ =energy
X vV =
- h = Planck's constant

C = Speed Of light ¢ = speed of light

A =wavelength A= wavelength

h=6.626 x 1034 joule-second
C=3x10ms!



Electromagnetic spectrum

)

traviolet shortwave
gamma X-rays rays infrared radar TV AM
rays rays
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400 500 600 700
Wavelength (nanometers)



E.M Radiation, as well as Solar radiation, 1s commonly classified based

on radiation wavelengths (A) into several regions or Bands.

Band Wavelength(\) nm Atmospheric effects

Yy -ray <0.03 Completely absorbed by the upper atmosphere

X- ray 0.03-3 Completely absorbed by the upper atmosphere

UV (B) 3-300 Completely absorbed by 02, N2, O3 in the
upper atmosphere

UV (A) 300 - 400 Transmitted through the atmosphere, but
atmospheric scattering is severe

Visible 400 - 700 Transmitted through the atmosphere, with

moderate atmospheric scattering of the
shorter waves

Reflected-IR 700 - 3000 Mostly reflected radiation, less influence

Thermal - IR 3000 - 14000 | Absorption of specific wave lengths by COZ2,
O3, AND Water Vapour

Microwave Imm-1m Less atmospheric effects




Term Unit Description
Radiant energy (Q) Joule (J) Energy per quanta
Radiant flux Watt (J/S) Energy per unit time
Irradiance (E) Watt/ m’ Incident flux per unit area over all angles
Radiant Intensity (I) Watt/sr (Q) Energy per unit time in certain solid angle.
Radiance (L) Watt/ m’/sr Reflected flux per unit area, in certain solid angle.
Spectral radiance (L) Watt/ mz/sr/um Reflected flux per unit area, in certain solid angle,

Over a set range of wave lengths.

Irradiance (E)= Solid angle (€2) X Radiance (L)

Plane normal to rays

GREEN GLASS
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Radiance
kraddiance ) Sanciy c
Radiant Flux Powes/Unit Area F\Jda.".{!.mc.“.sn Power/Solid Angle/ Prajected Area SPECTRAL RADIANCE

Total Power (Waltts) Powes/Solid Angle

RADIANT FLUX IRRADIANCE RADIANT INTENSITY RADIANCE

Q=A | r




Radiation Laws

Objects in the universe emit electromagnetic radiation according to
well-understood radiation laws.

P

Yo

{__X: )
\J

~ Any substance (solid, liquid, or gas) emits radiation according to its
il  absolute temperature, measured in Kelvin (K = °C + 273.15) units. The
ability to emit radiation varies with the matter.

Black Body Radiation

* Black Body - any object that is a perfect absorber and a perfect emitter of radiation.
«Any object in the universe is not perfectly black.

‘sun and Earth's surfaces behave approximately as black bodies

Incident Radiation
Absorb by Black
Bod

Emitted Radiation



Radiation emitted by objects

«If an object emits electromagnetic radiation due to its temperature, the color depends on the temperature.
«The energy released depends on the temperature.
-All objects that have a temperature greater than 0° K emit radiation

‘hot objects emit more radiation
Fluxt

yellow star
~6000 K

Watt (J/S)

400 700 Wavelength (nm)

947

80
80

0
a6 °F

100.0

Humans, at normal body
temperature, emit infrared, at a
wavelength of 10 pm




Planck's Radiation Law

The physical law that gives the spectral energy distribution of thermal radiation called

the black body at any temperature.

Planck's law is expressed by the following equation.

2he? 1

E(hT) = T,
2> @ MeIMT_ g

h=6.625X 10=34 J.Sec Planck Constant

K=1.38 X10™=23 J/K Boltzmann Constant
C=3 X108 m/s Speed of light

Spectral
energy

distribution
of emission

* Integration of Plank’s law is Stephan — Boltzman’s law

 Differentiation of Plank’s law is Wean’s law

Wicm? referring to 1um width

2000 K

10 =~

5 4




Stefan-Boltzman law

The Sefan-Boltzman law relates the total amount of radiation emitted by an
object to its temperature:

E=oT’
where:

E = total amount of radiation emitted by an object per square me‘rer' (Wa’r‘rs m )
0 is a constant called the Stefan-Boltzman constant = 5.67 x 10° Watts m™ K™
T is the temperature of the object in K

Consider the Earth and Sun:
Sun: T = 6000 K

E = 5.67 x 10-8 Watts m-2 K-4 (6000 K)* = 7.3 x 10’ Watts m-2
Earth: T = 288K

E = 5.67 x 10-8 Watts m-2 K-4 (288 K)* = 390 Watts m-2



Wien's displacement Law

‘Most objects emit radiation at many wavelengths

‘However, there is one wavelength where an object emits the largest amount of
radiation

Anax = 2897 tm / T(K)

‘Hotter objects emit most of their radiation at shorter wavelengths; hence they
will appear Blue.

Cooler objects emit most of their radiation at longer wavelengths; hence they will
appear Red.

hot object

Intensity

blue

Wavelength 29
of Maximum
Intensity (cm)




At what wavelength does the sun and Earth emit most of its radiation?

Sun: T =6000 K

Amax =2897 pm/ T(K) — Amax = 2897 y m [ 6000(K)

Amax =0.482 ym
Earth: T = 288K

Amax =2897 ym /[ T(K) —» Amax = 2897 um/ 288(K)

Amax=10|.|m

A max

T 8x 107~
€
3 6x 107
o The sun
S » 6000 K
-
> 4x 107
D
E2
a
- 7 The earth
B SR A max 288 K
T
3 16’:
o 0 | / / 8 F o e

0.4 0.5 0.6 0.7 /107510 15 20

Wavelength (um) (um)

le—— Shortwave radiation ——»] '—rf;ré%’\t’%\;]e )



Radiation - Target Interactions

There are three forms of interaction that can take place when energy
strikes or is incident upon the surface.

These are:
1. Absorption (A)
2. Transmission (T)
3. Reflection (R)

The total incident energy will interact with the surtace in one or more of
these three ways.

The proportions of each will depend on the wavelength of the energy and
the material and condition of the feature.

« Absorption (A) occurs when radiation (energy) is absorbed into the target

e Transmission (T) occurs when radiation passes through a target.

o Reflection (R) occurs when radiation "bounces" off the target and is redirected.



Reflected

Transmitted

Total cenergy (E) = Absorption (A) + Transmission (T) + Reflection (R)

Total energy (E)  Absorption (A) + Transmission (T) + Reflection (R)

Total energy (E) Total energy (E) Total energy (E) Total energy (E)

1= Absorbance +Transmittance+Reflectance

If Transmittance = 0
Reflectance = 1 - Absorbance

Absorbance = 1 - Reflectance



Atmospheric Interactions

Scattering

"

Atmospheric Propagation Effects

acatiering & refiection

an elowds

arsarplian
by surface

scattering & reflection
oY BUrtaCE

Adsorption
[ ]

|



Scattering

Almost all objects scatter light, that means they reflect the light that illuminates
them in all directions. If the objects around us would reflect light perfectly without
scattering - like polished metal - it would be like in a mirror cabinet.

Scattering is mechanism where by the direction of EMR is changed when it
interacts with the various constituents of the atmosphere.

Scattering can take several forms, those are

» Rayleigh scattering

* Mie scattering ffasiaiat

_ _ scattering
* Non-selective scattering

Mie Scattering,
small particle

large particle



Rayleigh scattering

Particles that are very much smaller then the wavelength of the EMR itself. Such
particles include air molecules.

In R.S it's other name of Mmolecular scattering.

The magnitude and direction of Rayleigh scattering are well known.

The scattering coefficient due to Rayleigh scattering is given by

Rayleigh scattering coefficient = 0.008735 X A" "

the degree of scattering is inversely proportional to the 4" power of ‘A’

Rayleigh scattering 4
from air molecules _
- . . E F ‘ 1

1

Observer j

Blue light = 450 nm Red light = 650 nm

R.C= 0.2271 R.C = 0.0507
Blue EMR scatters 5 times more than red EMR.



Rayleigh scattering- Examples

Sunrise

w

%_Eun

Sunset

Sunrise and Sunset

The sunsmnza
Eanh's atmosphers - i




Mie scattering

Molecular size equal to ‘A’, molecules are dust, pollutants, smoke, ocean spray,
salt particles and water vapour molecules. All are called AEROSOLS.

This scattering is called Aerosol scattering

Mie scattering coefficient = 0.008735 X A"

Mie scattering is less dependent on ‘A’

Rayleigh Scattering Mie Scattering Mie Scattering,
Iarger particles

— Direction of incident light

95 % of scattered EMR
Continue in the forward direction

5% scattered backward



Non-selective scattering

When the diameter of atmospheric particles greatly exceeds the wave
length of EMR encountered, scattering is equal for all wavelengths.

Clouds are a good examples of Non-selective scattering.




Interaction of incoming solar radiation with the Atmosphere

¢ gt 19 absorbed
e by atmosphere
'aoucts-_ g and clouds

Direct
and
diffuse

51 absorbed at surface

‘Based on the
figure, about half
of the incoming
short-wave
radiation makes it
to the surface

‘only about 19%
is absorbed by
gasses in the
atmosphere

‘Therefore, the

atmosphere is
transparent to
incoming solar
radiation.



Transmission spectrum:
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atmospheric windows

1. Gases absorb electromagnetic energy in very specific regions of the spectrum, they
influence where (in the spectrum) we can "look" for remote sensing purposes.

2. Those areas of the spectrum which are not severely influenced by atmospheric
absorption and thus, are useful to remote sensors, are called atmospheric windows.

Remote sensing

Visible/ IR

(Reflected)

The visible portion of
the spectrum, to which
our eyes are most
sensitive, corresponds to
both  an atmospheric
window and the peak
energy level of the sun.

\ 4

Thermal

Heat energy emitted by
the Earth corresponds to
a window around 10 um in
the thermal IR portion
of the spectrum

wavelengths beyond 1
mm is associated with
the microwave region.



Remote Sensing
Energy sources

l l

Passive Active
‘ |
l

Reflected Emitted Microwave

\
l l

Visible Thermal Microwave
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Satellite sensor characteristics

o Spatial Resolution
o Spectral Resolution
o Radiometric Resolution

o Temporal Resolution




I remote sensing
refers +o the ability of a
sewsor  to  capture  fiver
details  or M an
mage or data.
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Water bodies (vectors)
. S s e




Raster overlnid vectors




Raster overlaid vectors (forest)




COL COL COL COL cCoL

#l #2 # w4 #S

ROW #1: 15 23 29 32 | 35

ROW #2: 17| 24| 25| 25| 32

Row#s: | 19| 22| 23| 23| 30

Example of a simple 5-column by 3-row raster digital image.




Spatial Resolution

The spatial resolution specifies the pixel size of satellite images covering the Earth’s
surface. The smallest spatial measurement.

High spatial resolution: 0.6 - 4 m
Medium spatial resolution: 4 - 30 m
Low spatial resolution: 30 -> 1000 m

Pixel Size (Resolution)

_ 130 Meters | ~5 Meters I1 Meter

Pixel Output (Display)

30 Meters




Spectral Resolution

The ability of a sensor to distinguish between different wavelengths of light.

The higher the spectral resolution, the narrower the wavelength bandwidths that the

sensor can detect.

Bandwidths allow for more detailed information about the surface of the Earth to be
collected.

{ O YT 'C XBRABHEHAX

K. sHbi & | s51 BBG/
Mineral monitoring,
water quality

1 -5 High assessment XXX XXIXX
5 - 20 Medium Landcover mapping X XXX
20 - 100 Low Urban applications X KX




SpeC'l'r'al ReSOIU'rion Example:

Assume apple plantation
reflection between 500 -650 nm

* Green apple 500-550 nm

* Red apples 600-650 nm

e Early green apples 510-520 nm
* Early red apples 660- 680 nm

&
alls




spectral response Or Spectral signatures

30

Vegetation

N
-

wah
-

Reflectance (%)

0.4 0.5 0.6 0.7 0.8 0.9
Wavelength (pm)



Specifications LISS-4

5.8 m at nadir
(Across Track)

Spectral Bands B2 0.52-0.59
B3 0.62-0.68
B4 0.77 -0.86

23.9 km (Mx)
70 kms (Mono)

Integration time 0.877714 msec .I

Quantization 10 Bits




LISS-IV- FCC [(IR 770 - 860 nm), 2 (620 - 680 nm), G (520 — 590 nm)]

NDVI: NI 3 3t san'\Desktop' Dil ODUCT \band4'.mpr) - ILWIS
File Edit La
oo




LISS-IV- R 770 - 860 nm

NDVI: NDVI(CiAUsers\srinivasan\ Desktop\DIP\L4-MX\PRODUCTT\band3' mpr, C:\Users\srinivassn\Desktop\ DIF\L4-MX\PRODUCTTUband4' mpr) - ILWIS
File Edit Layers Options Help

3462652 [ 18576093, 181703547) | 16°24'51.17°N, 78°03°28.4T°E




LISS-IV- 2 620 - 680 nm

RODUCT\bandd'.mpr) - ILWIS




LISS-IV- FCC [(IR 770 - 860 nm), 2 (620 - 680 nm), G (520 — 590 nm)]

NDVI: NI 3 3t san'\Desktop' Dil ODUCT \band4'.mpr) - ILWIS
File Edit La
oo




LISS-IV- G 520 - 590 um

3314744 |( 19321884, 1817109.51) 16°24'57,05"




MULTISPECTRAL/
HYPERSPECTRAL COMPARISON

Multispectral

Response

Several Spectral Bands

MIiIRN

Wavelength (pm)

Hyperspectral

Response

A

Continuous Spectrum

—~ T

Wavelength (pm)

-




Radiometric Resolution

The ability of a sensor to distinguish between different levels of reflected or emitted
radiation from the Earth's surface.

It is measured in bits, and the higher the number of bits, the more precise differences in
radiation the sensor can detect.

Radiometric resolution = 2bits

Bit Depth and Gray Levels in Digital Images
2 Bit 4 Bit 6 Bit 7 Bit 8Bit 10 Bit

|I|

4
Data are represented by positive DN’s that vary from 0 to a
selected power of 2.

—

g

16 64 128 266 1,024
Gray Levels >
(Bit Depth)




Examples:

OCM sensor 16 Bit
MODIS senor 12 Bit
AVHRR sensor 10 Bit
LISS IV(IRS-P6)8 bit

16-bit

2'6-65536
0-65535



Temporal Resolution

The time between images of the same area.

It is measured in days or hours, and the higher the temporal resolution, the more
frequently images of the same area can be obtained.

High temporal resolution: < 24 hours - 3 days
Medium temporal resolution: 4 - 16 days
Low temporal resolution: > 16 days

e |14 May 2011, '086E50

17.20

A B3B0  A3ED  BADD 2420 2440

a12c 8140 S180 8180 H200 B220 AXah 8260 B280 8300 8320 8340 8360 H3IB0  B4AD0  B420 8440

I\W 14, bfeansan.z.ﬂGB =
|"'f

1880 —1-

IBEC

1640

1820 -

1 1 ] 1 T 1 ) 1
8120 8140 8160 8180 8200 BI20 B240  BRE0  BRE0 8300 BRI0 B340 HAG0  BARO  BAOD 8430 B4A0 B1L2C 8140 8160 3180 8200 8220 8240 H260 8280 8300 8320 B340 83IGE0 E380 BAOD  B4AI0  BAAD



In summary

D CCRS/CCT

Whew engiveers design a sensor for remote sewsing, they need +o
take nto consideration three key types of resolution: spatial
resolrtion, spectral resolution, and radiometric resolution. These
factors play a crucial role in determining the performavce awd
capabilities of the sensor.



"Balancing Spatial, Spectral, and Radiometric
Resolution in Remote Sensing Sensor Design"

e High spatial resolution means smaller ground \
resolution cells, but it reduces radiometric \ ) e

resolution - the ability to detect fine energy
differences. To enhance radiometric resolution

without sacrificing spatial resolution, the sensor

must broaden the wavelength range leading to ) 1

reduced spectral resolution.
\{n_

e On the other hand, coarser / low spatial ~
gy

resolution could improve radiometric and spectral

resolution. Ultimately, achieving the desired |'

capabilities and objectives of the sensor requires & /

finding the right balance among these three types ® CCRS / CCT

of resolution.






Table 1. Major specifications of present IRS series of satellites

Spatial res. Swath Fadiometric Bepeat
Satellites (year) Sensor Spectral bands (pm) (1) (kem) res. (bits)  cyele (days)
IE5-1A/E LISSI 0.45-0.52 (B) 125 148 7 23
(1988, 1591) 0.32-0.359(G)
0.62-0.68 (R)
0.77-0.86 (NIR)
LISS-II Same as LISS-I 36.2 74 T 22
IR5-P2 (1994) LISS-II Same as LISS-I 3623 74 7 24
IR5-1C/1D LISS-III 0.52-0.59 (G), 235 141
(1995, 1997) 0.62-0.68 (R)
0.77-0.56 (INIE) 7 24
1.33-1.70 (SWIR) 70.5 (SWIR) 148
WIFS 0.62-0.68 (R) 188 810 7 24(5)
0.77-0.86 (NIR)
PAN 0.50-0.75 5.8 T0 6 24 (5)
IE5-P3 (1996) MOS-A 0.735-0.768(4 bands) 1570 = 1400 193 16 24
MOS-B 0.408-1.010(13 bands) 520 x 520 200 16 24
MOS-C 1.6 (1 band) 320 = 640 152 16 24
WiF5s 0.62-0.68 (R) 138 810 7 5
0.77-0.86 (NIR)
1.53-1.70 (SWIE)
IE5-P4 (1999) OCM 0.402-0.885 (8 bands) 360 x 236 1420 12 2
MSME 6.6, 10.65, 18, 21 GH=z 130, 75, 50 and 1360 - 2
(v & H) 50 km respectively
IES-P6 (2003) LISS-IV 0.52-0.59 (G)
0.62-0.68 (R)
0.77-0.86 (NIR) 5.8 70 10(7y 24.(5)
LISS-III 0.52-0.39 (G),
0.62-0.68 (R) 235 141 T 24
0.77-0.86 (NIE)
1.35-1.70 (SWIR)
AWIF3 0.52-0.39 (GQ),
0.62-0.68 (R) 56 737 10 24(5)
0.77-0.86 (NIE)
1.35-1.70 (SWIR)
IE5-P3 (Cartoszat-1) PAN (Fore 0.50-0.85 2.3 30 10 5
2005 (=267 & Aft (-3
Cartosat-2 (2007) PAN 0.50-0.85 0.8 9.6 10 5
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