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ground based approach
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Passive systems

PASSVE) gf depend on other
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E . (daylight, emission)

— example of passive
sensors.
(PASSIVE) I . EIEI'IEI-| camera
| | - * multi-spectral scanners
* thermal scanners
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Active systems
generate their own
ACTIVE RS: -® source of energy
(“illumination”)
— example of active
sensors.

* radar (micro waves)
* laser scanners
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Platforms with Sensor on board

GMS
(Geostationary Satellite)

LANDSAT, MOS,
SPOT

SPACE SHUTTLE

HIGH ALTITUDE
JETPLANE

©  LOW&MIDDLE
ALTITUDE AIRPLANE

GROUND TRUTH
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Ground-based remote sensing
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Ground-based Platforms

Are often used to record detailed information about
the surface which is compared with information
collected from aircraft or satellite sensors
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Aircraft

Alircraft are often used to collect very detailed images
and facilitate the collection of data any portion of the
Earth's surface at any time.
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Technical

Launch Altitude Inclination Swath Revisit at Sensors
summary Date equator
December, 705 Km 98.2° 60 Km 16 days VNIR, SWIR, TIR
1999
FNIR
BAND 1 2 3N/3B
SPECTRAL RANGE 0.52-0.60 0.63-0.69 0.78-0.86
PIXEL SIZE 15m
QUANTISATION 8 bit
SWIR
BAND 4 5 6 7 8 9
SPECTRAL RANGE 1.60-1.70 2.145-2185 2.185-2.225 2.235-2.285 2.295-2.365 2.360-2.430
PIXEL SIZE 30m
QUANTISATION 8 bit
TIR
BAND 10 1" 12 13 14
SPECTRAL RANGE 8.125-8475 8.475-8825 B8.925-9.275 1025-1095 10.95-11.65
PIXEL SIZE 90 m
12 bit

QUANTISATION
A comparison

of ASTER bands with
Landsat Thematic Mapper

Lin

ASTER

Landsat 7

[ [
0.4

[ [
0.8

[ [ [ [ [ [ \
1.2 1.6 2.0 24

-«— Visible — Near IR —»= -— Short Wave IR —

Wavelength (um)

[ [ [ [ [
8.0 10.0

~— Thermal IR —»=

12.0

The ASTER instrument has three
spectral bands in the visible near-
infrared (VNIR), six bands in the
short-wave infrared (SWIR), and
five bands in the thermal infrared
(TIR) regions, with 15, 30, and 90
meters ground resolution
respectively.
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IMPORTANT MISSIONS IN REMOTE
SENSING



Various Missions Based on Their
Technology

* Western Technology

e Eastern Technology



Countries Following the Western

U.S.A
Germany
France
India
Japan

Technology



Countries Following the Eastern
Technology

e Russia



U.S. A

In U. S. A. the civilian space mission
activities is under the supervision of
National Aeronautics and Space
Administration (NASA).
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U.S. A

1960’s: Mercury, Gemini and Apollo
(photographic systems)

1972: Earth Resource Technology Satellite
(ERTS) then changes its name to Landsat 1

1973 and 1974: Skylab (the first American
space workshop)
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U.S. A

1975 Landsat 2 was launched
1978 Landsat 3 was launched

- 1979 MAPSAT proposal was given to NASA +
USGS by Colvocoresses

- 1981 Stereosat proposal was given by Prof.
Welch
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U.S. A

1982 Landsat 4 was launched.

1983 ESA Metric Camera was launched by Space
Shuttle.

-1984 Large Format Camera (LFC) was launched using
Space Shuttle by NASA.

- 1984 Landsat 5 was launched.
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U.S. A

1986 Shuttle disaster.
1993 Landsat 6 was launched and lost.

1993 private companies has got permission to
commercialize the high resolution satellite imaging
military technology. Space Imaging (GeoEye),
Earthwatch (DigitalGlobe) and Orbital Science
(Orblmage and now GeoEye) are the main companies
who invested in this technology.
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U.S. A

1997, December, Earthwatch (DigitalGlobe)
launched Earlybird, a 3m high resolution starring
array imager, but the system was lost.

1998, January, EROS-A developed by Israeli-
American group was failed to reach its orbit.

1999, April, Space Imaging launched lkonos-1, a
high resolution (87cm) flexible pointing linear
array, the system was lost.
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U.S. A

1999, Landsat 7 was launched successfully.

1999, September, lkonos-2 was launched
successfully to become the first high
resolution imaging system on the space.

In 2000, QuickBird 1 was failed to reached
its orbit.
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U.S. A

EROS Al was launched successfully by
ImageSat International (ISI) on the 5% of
December, 2000.

On 21 September 2001, the Orbview-4
satellite failed to achieve orbit following
launch from Vandenberg AFB.
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U. S. A.

On October 18, 2001, QuickBird-2 from DigitalGlobe was
lunched successfully from, Vandenberg Air Force Base,
California.

On June, 2003, Orbview 3 was launched successfully.

On September, 2007, Worldview 1 was launched
successfully.

On September, 2008, GeoEye 1 was launched successfully.

On October, 2009, Worldview 2 was launched
Successfully.



Germany

The space missions in Germany are
conducted by DASA.



Germany

1978, A single line pushbroom camera
named EOS was built by DASA and
experimented on a plane.

- 1979: German Federal Ministry of Research
and Technology (BMFT) has ordered the built
of Modular Opto-electronic Multispectral
Scanner (MOMS).
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Germany

1983: MOMS-01 was launched in an
experimental test using Space Shuttle and
became the first linear array imager (push-
broom technology) in the space.

1984: MOMS-01 was launched one more time
using Space Shuttle successfully.
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Germany

1981, Professor Hoffman gave two proposals
to DASA for three line scanners using push-
broom technology.

1988, Monocular Electro-Optical Stereo
System (MEQOSS) was built and launched using
an Indian rocket but the mission was failed.
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Germany

1988 to 1993: MEOSS has been test several
times in an airplane platform and excellent
images were taken.

1993 MEOSS was launched one more time
using an Indian rocket but this time the
system was lost for ever.
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Germany

1993: MOMS-02 was launched experimentally by
American Space Shuttle and took very good images from
the Earth.

1996: MOMS-2P was launched using a Russian rocket
and has been set up in the MIR in Priroda program.

2008: A single launch of the RapidEye mini-satellite
constellation on a Dnepr launch vehicle took place on
August 29, 2008.
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France

All of its space programs are
conducted by Centre National

d’Etude Spatial (CNES).



France

1980: CNES has ordered the developing of a
linear array system using push-broom
technology named: System  Probatoire
d’Observation de la Terre (SPOT).

-1986 SPOT-1 was launched.

-1990 SPOT-2 was launched
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France

- 1993 SPOT-3 was launched

- 1998 SPOT-4 was launched

- SPOT-5 was launched in May 2002.
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Japan

All of its space missions are conducted by the Japan
Aerospace Exploration Agency (JAXA). JAXA was born on
October, 2003, merging the Institute of Space and
Astronautical Science (ISAS), the National Aerospace
Laboratory of Japan (NAL), and the National Space
Development Agency of Japan (NASDA).

In, 1992 JERS-1 OPS, a pushbroom linear array system was
built and launched.

A launch of ALOS took place on January 24, 2006 by a
Japanese H-lIA rocket from the Tanegashima Space Center,

Japan.
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India

All of its space activities are
conducted by its National Remote
Sensing Agency (NRSC) which is a
part of Department of Space (DoS).



India

1988 IRS-1a was launched.

1991 IRS-1B was Launched.

1995 IRS-1C was launched.

1997 IRS-1D was launched.

IRS-P6 (Resourcesat 1) was launched in October 2003.
IRS-P5 (Cartosat-1) was launched on May 5, 2005.

Cartosat-2 was launched on January 10, 2007.
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Russia

All of its space activities are
conducted by Ministry of Defense.



»MK4
»KFA-1000
»KFA-3000
»TK-350
»KVR-1000
»RESURS-DK

Russia
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Landsat 7 and ETM+ Characteristics

Band Number Spectral Range(microns) Ground Pixel Size (m)
1 45 to .515 30
2 .525 to .605 30
3 .63 to .690 30
4 .7510.90 30
5 1.55t01.75 30
6 10.40to0 12.5 60
7 2.091t0 2.35 30

Pan 52 1090 15



Landsat 7 and ETM+ Characteristics

Swath width: 185 kilometers

Repeat coverage interval: 16 days (233 orbits)

Altitude: 705 kilometers

Quantization: Best 8 of 9 bits

On-board data storage: ~375 Gb (solid state)

Inclination: Sun-synchronous, 98.2 degrees
Equatorial crossing: Descending node; 10:00am +/- 15 min.
Launch vehicle: Delta Il

Launch date: April 1999



NOAA-15 (National Oceanic and Atmospheric
Administration) and AVHRR (Advanced Very High

Resolution Radiometer)

Band Number Spectral Range (microns) Ground Pixel Size (km)
1 .58 t0 .68 1
2 /3to1l.1 1
3 3.551t03.93 1
4 10.3to 11.3 1

5 11.4t012.4 1



NOAA-15 (National Oceanic and Atmospheric
Administration) and AVHRR (Advanced Very High
Resolution Radiometer)

Swath width: 2800 kilometers

Revisit time: 2-14 times per day depending on latitude
Altitude: 850 kilometers

IFOV at nadir (km): 1km

Period of orbit 102 minutes

Inclination: Sun-synchronous, 98.2 degrees

Even-numbered 7:30am &

Equatorial crossing: Odd-numbered 2:30am



SPOT-5 Satellite (2 x HRG, HRS,
VEGETATION, DORIS)

HRG -1 YEGET ATION
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SPQOT-5 Satellite

Launch: A launch of SPOT-5 on an Ariane-4 vehicle took place May 4, 2002. The
secondary payload on this flight consisted of two nanosatellites with the name of
IDEFIX. Both picosatellites were designed, built and funded by AMSAT-France. Each
nanosatellite has a mass of 6 kg. They remain attached to the third stage of Ariane-
4,

RF communications: Onboard solid-state recording capacity of 90 Gbit (EOL). The
onboard memory can store 550 images, compared to 400 on SPOT 4. Although the
magnetic recorders provided more capacity (120 Gbit), the file management
system allocates available storage capacity more efficiently. Onboard data
compression of source data is provided with DCT (Direct Cosine Transform) of HRG
and HRS data streams. Compression ratios of 2.28-2.8 are achieved depending on
imaging mode.

Orbit: Sun-synchronous circular orbit (identical to those of SPOT-1 to -4), altitude =
822 km, inclination = 98.79, period = 101.4 min, equator crossing on descending
node at 10:30 AM, repeat cycle = 26 days, revolutions/day = 14 5/26.



SPOT-5 Specification of the HRG

instrument

Parameter
Spectral range (um)

Detector elements/line
Detector size (pitch)

GSD (Ground Sample Distance)

Parameter
FOV

Oblique viewing
angle

HRG mass

Pan band MS band SWIR band
0.48-0.71 B1: 0.50-0.59 1.58-1.75
B2: 0.61-0.68
B3: 0.78-0.89
12,000 6,000 3,000
6.5 um 13 um 26 um
5 mMXx5 m single image 1I0mx 10 m 20mx20m

3.5mx3.5m dual image
Instrument parameters

Value Parameter Value
+2° Focal length of 1.082 m
telescope
+27° HRG size 2.65mx1.42 m
X 0.96 m
356 kg HRG power 344 W

(max)



SPOT-5 HRG (High Resolution
Geometry) Sensor

THR (Trés Hate Résohutior) =25 —3m

PAl =5m
PA2 =5m / —
: Regoration
Iterleaving
kterpolation
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Overview of SPOT Series

Bands Spectral SPOT-1,-2,-3 SPOT-4 SPOT-5
range

Spatial resolution Onboard Supermode

PA-1 (PAN) 0.49-0.69 um 10 m 10 m 5m 2.5-3 m
(on-ground)
PA-2 (PAN) 0.49-0.69 um 5m
BO (Blue) 0.43-0.47 um Vegetation only
(1.15 km at nadir)

Bl (Green) 0.49-0.61 um 20 m 20 m 10 m
B2 (Red) 0.61-0.68 um 20 m 10 m 10 m
B3 (NIR) 0.78-0.89 um 20 m 20 m 10 m

SWIR 1.58-1.75 pm 20 m 20 m



IRS—1C/1D (PAN)
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IRS—1C/1D (PAN)

Launch: The launch of IRS-1C took place on December 28, 1995 with
a Russian launcher (Molniya-M, launch provider: TsSKB-Progress)
from Baikonur, Kazhakstan.

The IRS-1D launch with an ISRO PSLV-C1 launcher from Sriharikota
(SHAR, India) took place on September 29, 1997. The launch of the
IRS-1D spacecraft with the PSLV-C1 was a significant event despite a
minor snag, for the first time, an Indian-made launch vehicle had
launched an operational satellite, also made in India, from Indian soil
(i.e., after the two demonstration flights, namely: IRS-P2 and -P3).

RF communications: Downlink transmission of payload data: 40 W of
output power (X-band) is used to transmit 42.5 Mbit/s of LISS-3 and
WIFS data and 85 Mbit/s of PAN data, both links are in X-band with
QPSK modulation.- TT&C in S-band with PCM/FSK/FM/PM
modulation (ISTRAC mission control center at Bangalore, the NRSA
data center at Hyderabad is the focal agency for user interfaces).

Orbit: Polar sun-synchronous orbit; altitude = 817 km, inclination =
98.69¢, period = 101.23 min; local equatorial local crossing time at
10:30 AM on descending node; 24 day revisit period.



IRS-1C/1D Sensor complement: (PAN, LISS-3,

WiFS)

Instrument Pixel size Spectral range

PAN

LISS-3,
VNIR

LISS-3,
SWIR

WIFS

6 m

23.5m

70.5 m

188 m

0.5-0.75pum

0.52 - 0.59 um
0.62 - 0.68 um
0.77 - 0.86 um

1.55 - 1.75 um

0.62 - 0.68 um
0.77 - 0.86 um

No of pixels /
swath width

4096 / 70 km

6000 / 142 km

2100 / 148 km

2048 / 740 km

Data
quantization

6 bit

/7 bit

/ bit

/ bit




IRS—1C/1D (PAN)

Swath width: 70 kilometers

Revisit time: 24 days

Focal length: 982 mm

IFOV at nadir (km): 5.8m PAN

Off-nadir viewing: Up to 26 degrees cross-track
Inclination: Sun-synchronous, 98.6 degrees

Equatorial crossing: Descending node; 10:30am



IRS—1C/1D (PAN) Camera
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IRS—1C/1D (LISS-3 ) (Linear Imaging

Self-Scanning Sensor) Camera

Spectral bands (4) B2: 0.52 - 0.59 um (VNIR)
B3: 0.62 - 0.68 um (VNIR)
B4: 0.77 - 0.86 um (VNIR)
B5: 1.55-1.75 um (SWIR)

Spatial resolution 23.5 m (VNIR) and 70.5 m (SWIR)

Swath width 142 km (VNIR) and 148 km (SWIR),
FOV=+5°

Repetition cycle 24 days

Focal length of optics 346 mm for each VNIR band, 300 mm for

system SWIR band

Data quantization 7 bit (resolution of 128 grey levels)

Instrument mass, power 171 kg, 74-78 W



IRS—1C/1D (LISS-3) Camera




IRS-1C/1D WIFS (Wide Field Sensor)

camerad

Spectral bands 0.62 - 0.68 um, 0.77 - 0.86 um

Spatial resolution 188 m

Swath width 810 km

Repetition cycle 5 days

Detector array 2 X 2048 pixels

Data quantization 7 bit (radiometric resolution of 128 grey
levels)

Data rate 2.06 Mbit/s




IRS-1C/1D WIFS (Wide Field Sensor)
camera




IRS-P6
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IRS-P6
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IRS-P6

Launch: A launch of the IRS-P6 satellite took place Oct. 17, 2003 on a
PSLV launcher from SHAR (Satish Dhawan Space Centre, Sriharikota),
India.

Orbit: Sun-synchronous orbit, altitude = 817 km, inclination = 98.69¢,
period = 101.35 min, local time of equator crossing at 10:30 AM on
descending node. The ground track is maintained within £ 1 km. The
achieved IRS-P6 injected orbit was estimated as 815.417 km x
831.668 km with an inclination of 98.8052.The target orbit was
achieved by performing three in-plane and five combined (in-plane
and out-of-plane) maneuvers. A total of eight orbit acquisition
maneuvers, starting from Oct. 20 to Nov. 29, 2003 were performed
for obtaining "locked-path" and "frozen-perigee" orbits. Path locking
was done on Nov. 29, 2003.



IRS-P6 (instrument parameters)

Parameter/Instrument

Spatial resolution

Spectral bands (um)

Swath width

Detector line arrays x
No of elements

Data quantization

Instrument mass

Date rate

B2: 0.52-0.59, (G)
B3: 0.62-0.68, (R)
B4: 0.77-0.86 (NIR)

23.9 km (MS)
70 km (PAN)

1 x 12,288 PAN
3 x 12,288 MS

10 bit

169.5 kg
105 Mbit/s

LISS-3
23.5 m

B2: 0.52-0.59, (G)
B3: 0.62-0.68, (R)
B4: 0.77-0.86, (NIR)
B5: 1.55-1.70 (SWIR)

141 km
4 x 6,000

7 bit (VNIR),
10 bit (SWIR)

106.1 kg
52.5 Mbit/s

AWiFS
56 m (nadir)

B2: 0.52-0.59,

(G)
B3: 0.62-0.68,

Xy

B4: 0.77-0.86,
(NIR)

B5: 1.55-1.70
(SWIR)

740 km

4 x 2 x 6,000

10 bit

103.6 kg
52.5 Mbit/s



IRS-P5 (Indian Remote Sensing
Satellite-P5) / CartoSat-1

N




IRS-P5 (Indian Remote Sensing
Satellite-P5) / CartoSat-1

IRS-P5 is a spacecraft of ISRO (Indian Space Research Organization), Bangalore, India. The
objectives of the IRS-P5 mission are directed at geo-engineering (mapping) applications, calling
for high-resolution panchromatic imagery with high pointing accuracies. The spacecraft features
two high-resolution panchromatic cameras that may be used for in-flight stereo imaging. Hence,
IRS-P5 is also referred to as CartoSat-1. In this mission, the high resolution of the data (2.5 m
GSD) is being traded at the expense of multispectral capability and smaller area coverage, with a
swath width of 30 km. The data products are intended to be used in DTM (Digital Terrain
Model)/DEM (Digital Elevation Model) generation in such applications as cadastral mapping and
updating, land use as well as other GIS applications.



IRS-P5 (Indian Remote Sensing Satellite-
P5) / CartoSat-1

Launch: A launch of the IRS-P5 spacecraft took place on May 5, 2005. The launch
was on a PSLV launch vehicle of ISRO from the SDSC (Satish Dhawan Space Centre)
Sriharikota launch site on the east coast of India. A secondary payload on this flight
was Hamsat (VUSat) of AmSat India with a launch mass of 43.5 kg. Hamsat carries
two transponders in UHF band to provide spaceborne radio amateur services to
India and the international Ham radio community.

RF communications of CartoSat-1: Payload data transmission is in X-band (2
carriers, one for each camera, QPSK modulated, single polarized) at 105 Mbit/s. A
new electronically steerable beam phased-array antenna system has been
implemented to transmit the payload data. An onboard solid-state recorder of 120
Gbit capacity is used for payload data recording (up to 9.5 min of observations). -
The spacecraft is being operated by ISTRAC (ISRO Telemetry, Tracking and
Command Network) of Bangalore, using its its network of stations at Bangalore,
Lucknow, Mauritius, Bearslake in Russia and Biak in Indonesia. NRSA (National
Remote Sensing Agency) of Hyderabad is receiving the payload data and is the
processing center for the CartoSat-1 mission.

Orbit: Sun-synchronous circular orbit, altitude = 618 km, inclination =97.879, period
of 97 min, nodal equatorial crossing time on ascending node at 10:30 hours. The
orbital revisit cycle is 116 days. However, a revisit capability of 5 days is provided by
the body-pointing feature of the spacecraft-about its roll axis by +262.



IRS-P5 (CartoSat-1)

Parameter PAN-F Camera PAN-A Camera
Spectral range 500 - 850 nm 500 - 850 nm
Along-track tilt angle +26° -5°
Spatial resolution(cross-track*along-tracky 2.5 M x 2.78 m 2.22 m x 2.23 m
Radiometric resolution 10 bit

SW (for stereo imagery) 30 km 27 km

SW (for monoscopic observation mode) 55 km (with swath overlaps)
CCD array (No of arrays x No of elements) 1 X 12,288 1 X 12,288
Detector element size 7 um X 7 um 7 um X 7 um
Telescope aperture diameter 50 cm

No of mirrors 3

Effective focal length 1980 mm

F number f/4.5

FOV (Field of View) +1.08°

Nominal B/H ratio for stereo 0.62



CartoSat-2
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CartoSat-2

e CartoSat-2 is a direct follow-on satellite to CartoSat-1
(IRS-P5) of ISRO, Bangalore, India. The objective is to
provide high-resolution imagery (£ 1 m, with an event
monitoring capability) from a highly agile spacecraft.

* Note: The IRS (Indian Remote Sensing Satellite) series
experienced a transition from the earlier generic
purpose satellites (labeled as the P-series) to theme-
oriented satellites like CartoSat, EduSat, OceanSat,
Metsat etc. Hence, ISRO management decided not to
affix the 'P' in the IRS series anymore, though they do
constitute part of the IRS'constellation of satellites.



CartoSat-2

* Launch: A launch of CartoSat-2 took place on January 10,
2007 on the PSLV-C7 launcher from SDSC (Satish Dhawan
Space Center), Sriharikota Range, India (680 kg). - For the
first time, a DLA (Dual Launch Adopter) was used in a PSLV
vehicle to accommodate the payloads. CartoSat-2 was
mounted on top of DLA.

e Orbit: Sun-synchronous near-circular orbit, altitude = 635
km, inclination = 97.929, period of 97.4 min, nodal
equatorial crossing time on descending node at 9:30 hours.

* RF communications: The imagery is downlinked in X-band
(8125 MHz) at a data rate of 105 Mbit/s. The TT&C data link
is in S-band (2067 MHz). Both links operate in parallel.



CartoSat-2

Instrument type

Instrument mass
Instrument size
Aperture diameter
Focal length

Spectral range

GSD (Ground Sample Distance)
Detector

Swath width

Data quantization

Source data rate

Ritchey-Chretien on-axis obscured reflective
telescope system

120 kg (including electronics)

760 mm diameter, 1600 mm in height
/700 mm

5600 mm

0.5-0.85 um (panchromatic)

<1lm

12,288 element CCD line array

9.6 km

10 bit

336 Mbit/s



IKONOS-2




IKONOS-2

Band Number Spectral Range(microns) Ground Pixel Size (m)
1 0.45 to0 0.52 4
2 0.52t0 0.60 4
3 0.63 to 0.69 4
4 0.76 10 0.90 4

5 0.45 to 0.90 1 (PAN)



IKONOS-2

Swath width: 11 kilometers

Revisit time: 1-3 days

Altitude: 680 kilometers

IFOV at nadir (km): 1m PAN and 4m XS

Off-nadir viewing: Up to 45 degrees flexible pointing
Inclination: Sun-synchronous, 98.2 degrees

Equatorial crossing: Descending node; 10:30am



QuickBird-2

Band Number Spectral Range(microns) Ground Pixel Size (m)
1 0.45 to0 0.52 2.44
2 0.52t0 0.60 2.44
3 0.63 to 0.69 2.44
4 0.76 10 0.90 2.44
5 0.45 to 0.90 0.61 (PAN)



QuickBird-2

Swath width: 16.5 kilometers

Revisit time: 1-3 days

Altitude: 450 kilometers

IFOV at nadir (km): 0.61m PAN and 2.44m XS
Off-nadir viewing: Up to 45 degrees flexible pointing
Inclination: Sun-synchronous, 97.2 degrees
Equatorial crossing: Descending node; 10:30am
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OrbView-3

Band Number Spectral Range(microns) Ground Pixel Size (m)
1 0.45 to0 0.52 4
2 0.52t0 0.60 4
3 0.63 to 0.69 4
4 0.76 10 0.90 4
5 0.45 to 0.90 1 (PAN)



Swath width:

Revisit time:

Altitude:

IFOV at nadir (km):

Off-nadir viewing:

Inclination:

Equatorial crossing:

OrbView-3

8 kilometers
1-3 days

470 kilometers

1m PAN and 4m XS
Up to 45 degrees flexible pointing
Sun-synchronous, 97 degrees

Descending node; 10:30am
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EROS-A1

Band Number Spectral Range(microns) Ground Pixel Size (m)

5 0.50 to 0.90 1.8 (PAN)



Swath width:

Revisit time:

Altitude:

IFOV at nadir (km):

Off-nadir viewing:

Inclination:

Equatorial crossing:

EROS-A1

12.5 kilometers
1-3 days

480 kilometers

1.8m PAN
Up to 45 degrees flexible pointing
Sun-synchronous, 97.3 degrees

Descending node; 10:30am
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WorldView-1
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WorldView-1

The next-generation commercial imaging satellite of
DigitalGlobe Inc. (Longmont, CO, USA) is called
WorldView-1, a successor of QuickBird (launch Oct. 18,
2001 - and fully operational as of 2007). In Oct. 2003,
DigitalGlobe was awarded a sizeable contract by NGA
(National Geospatial-Intelligence Agency) of Washington
DC, formerly NIMA (National Imaging and Mapping
Agency), to provide high-resolution imagery from the
next-generation commercial imaging satellites.



WorldView-1

The NGA requirements call for imagery with a
spatial resolution of 0.5 m panchromatic and 2 m
MS (Multispectral) data. The contract award was
made within NGA's NextView program, designed
to give the US commercial imaging satellite
operators the financing to build their satellites for
high-resolution imaging. The WorldView mission
is intended to provide imaging services to NGA as
well as to the commercial customer base of
DigitalGlobe



WorldView-1

e Orbit: Sun-synchronous circular orbit, altitude = 496 km (nominal),
inclination = 97.22. The equator crossing time is at 10:30 hours on a
descending node. The period is 94.6 minutes. Note: While the low-
altitude orbit selection offers better spatial resolutions than a
higher one, it requires also more frequent reboosts to maintain the
low orbit due to atmospheric drag influences.

* RF communications: The command data are in S-band at 2 or 64
kbit/s. The housekeeping telemetry and tracking is in X-band at 4,
16, or 32 kbit/s of real-time data, or 524 kbit/s of stored data. The
imagery is downlinked in X-band at 800 Mbit/s. The S/C provides a
data storage capacity of 2.2 Thit in solid state memory with EDAC
(Error Detection and Correction). A total of 331 Gbit of imagery per
orbit may be collected. In addition, direct (real-time) downlinks to
customer sites are available using the same high-speed 800 Mbit/s
X-band link.



WorldView-1 (Overview of some spacecraft parameters
)

S/C bus type BCP-5000

S/C stabilization 3-axis stabilized using star trackers and
IRU for sensing and a CMG (Control
Moment Gyro) for actuation

Pointing accuracy - Accuracy: <500 m at image start and
stop

- Geolocation accuracy on ground: 5.8-
7.6 m without GCP

FOR (Field of Regard) 775 km in cross-track

S/C bus size 3.6 m (height) x 2.5 m (diameter)
S/C launch mass, power 2500 kg, 3.2 kW (EOL)

Mission design life /.25 years

Payload instrument mass | 380.kg. ... =




WOrIdViEW'l (Performance parameters of the camera )

S pectra | ra NJE (panchromatic)

0.45 - 0.90 um

Spatial resolution (GSD)

50 cm panchromatic at nadir
55 cm out to 20° off-nadir

Swath width

17.6 km at nadir

Revisit frequency

1.7 days at 1 m GSD or less
5.9 days at 20° off-nadir or less (0.51
m GSD)

Detectors

Silicon CCD array (8 um pixel size)
with a row of > 35,000 detectors

Data quantization

11 bit

Geolocation accuracy
(after processing)

5.8 to 7.6 m without GCPs
2 m with GCPs

Instrument mass, power

380 kg, 250 W




WO rIdViEW‘l (Performance parameters of the camera )

* The optical subsystem, mounted on an optical bench (with sunshield
and internal baffling to suppress stray light), is of Ball design
(telescope aperture of 60 cm diameter, lightweight structure, focal
length of 8.8 m, the telescope mass is 138 kg, telescope size: 115 cm
X 141 cm x 195 cm), providing a FOV (Field of View) of 2.12¢9,

* The pushbroom imager is rigidly aligned with the S/C axis, providing a
nominal body-pointing capability of £402 into the along-track and
cross-track directions (452 max). WV60 may also be used for stereo
imaging by slewing the S/C fore and aft. The on-board processor
provides real-time radiometric/geometric calibration and image
compression for all imaging data. The focal plane array and the
compression techniqgue ADPCM (Adaptive Differential Pulse Code
Modulation) employed are provided by Kodak. Instrument mass =
380 kg, instrument power = 250 W.



WorldView-1 (Specification of spectral bands)

Pan (WorldView-1) 650 400 900
Pan (WorldView-2) 625 450 800
MS1 (NIR1) 835 770 895
MS2 (red) 660 630 690
MS3 (green) 545 510 580
MS4 (blue) 480 450 510
MS5 (red edge) 725 705 745
MS6 (yellow) 605 585 625
MS7 (coastal) 425 400 450
MS8 (NIR2) 950 860 1040
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GeoEye-1 (OrbView-5)




GeoEye-1 (OrbView-5)

GeoEye-1, formerly known as OrbView-5, is the next-generation high-resolution
imaging mission of GeoEye, Dulles, VA, USA. In January 2006, the commercial imaging
company GeoEye was formed, made up of former Orbimage of Dulles VA, and of
former Space Imaging of Thornton, CO (Orbimage acquired Space Imaging in 2005 and
gave the merged company the new name of GeoEye). The newly formed GeoEye
company is the world's largest commercial satellite imagery provider.

On Sept. 30, 2004, Orblmage was awarded a NextView vendor contract of NGA
(National Geospatial-Intelligence Agency). The contract, referred to as NextView
Orblmage, provides long-term revenue commitments as well as capital for the
development of OrbView-5. NGA's NextView program is designed to give US
commercial imaging satellite operators the financing to build their satellites for high-
resolution imaging.

GeokEye's principal partners for the development and launch of the GeoEye-1 satellite
include General Dynamics (formerly Spectrum Astro), ITT Industries (imager), and
Boeing Launch Services. GeoEye's partners for the ground segment include IBM and
MDA (MacDonald, Dettwiler and Assaciates) -ef Richmond, BC, Canada.



GeoEye-1 (OrbView-5)

Orbit: Sun-synchronous circular orbit, altitude = 684 km, inclination = 98¢,
period = 98 minutes, local equatorial crossing at 10:30 hours, effective
revisit time capability < 3 days.

Launch: A launch of GeoEye-1 was happened on September 2008 on a
Delta-2 (7420-10) vehicle from VAFB, CA.

RF communications: The source data are being stored on solid-state
onboard recorders of 1.2 Tbit capacity. The downlink of imagery in X-band
at 740 Mbit/s (or at 150 Mbit/s), the TT&C data are in S-band. The S/C is
being operated from the command and control facility at GeoEye
headquarters in Dulles, VA, along with an imagery acquisition station. Three
other acquisition stations will be operated or leased by GeoEye in Barrow,
AK, Troms@, Norway and Troll, Antarctica (the TrollSat station is located at
722 S and 22 E). The latter two stations are being leased from KSAT
(Kongsberg Satellite Services) of Tromsg, Norway.
A total of four stations are needed to handle primary data reception due to
the large volume of data that will be captured by the satellite. In addition,
GeokEye will continue to support a network of receiving stations owned and
operated by local business partners, referred to as Regional Affiliates and
Regional Distributors.



GeoEye-l (Overview of some spacecraft parameters )

Spacecraft dimensions -4.35 m x 2.7 m (stowed configuration)

C&DH (Command & Data Handling) -
subsystem

ADCS (Attitude Determination
and Control Subsystem)

Spacecraft power -

| atinch mass -

Standard cPCI backplane/bus, RAD750 CPU,
block redundant with automated handover to
backup

1 Tbit of onboard storage capacity (EOL)

3-axis stabilized, (8) high-performance RWAs
(Reaction Wheel Assemblies)

ZMB (Zero Momentum Bias) stabilization
Dual-head star tracker, scaleable space IRU,
10-cell coarse sun sensor, (2) GPS receivers,
(3) EM torque rods, and a TAM

Bi-axial gimbal drive for antenna pointing
Pointing accuracy (30): 75 arcsec

Deployable, 7-panel solar array (GaAs), 3862 W
EOL
Battery, of 160 Ah capacity, NiH2 CPV

T U

1055 ka (bus mass of 1260 ka)



Imager type

Pushbroom imager

Imaging mode

Panchromatic Multispectral (MS)

Spectral range

450-900 nm 450-520 nm (blue)
520-600 nm (green)
625-695 nm (red)
760-900 nm (near infrared)

Spatial resolution (nadir) 0.41 m GSD 1.64 m GSD
Swath width 15.2 km
Detectors Pan: Si CCD array (8 um pixel size & 35,000 detectors)

MS: Si CCD 4 arrays (32 um pixel size & 9,300 detectors)

Data quantization

11 bit

Geolocation accuracy

< 3 m (using a GPS receiver, a gyroscope and a star
tracker) without any GCP

Optics

TMA telescope with a d=1.1m,

Instrument size

3 m tall




Resurs-DK1 (Resurs - High Resolution 1)
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Resurs-DK1 (Resurs - High Resolution 1)

Resurs-DK1 is Russia's first civil EO (Earth Observation) imaging satellite able of
transmitting high-resolution imagery (1 m) to the ground stations as it passes
overhead. The spacecraft was designed and built by TsSKB Progress (State Research
& Production Space Rocket Center) of Samara (the Samara Space Center location is
on the Volga River, about 1000 km southeast of Moscow). Roskosmos is funding the
project (owner and operator of the spacecraft), the commercial data distributor is
Sovinformsputnik of Moscow.

The satellite is designed for multispectral and spectrozonal mapping of the Earth's
surface in the visible and near IR bands (high terrain resolution and improved
geometry and photometry performance, augmented by real-time downlink data
transmission). Its data will enable update and improvement of the existing
geographic digital maps, offer an opportunity to enter the global market, to
conduct surveys, to provide environmental monitoring, and to acquire real-time
information on natural disasters or emergencies. Apart from the supply of satellite
imagery to civil government authorities, the Resurs-DK1 products are to be
marketed on a commercial basis



Resurs-DK1 (Resurs - High Resolution 1)

* Launch: A launch of Resurs-DK1 took place on June
15, 2006 on a Soyuz-FG launch vehicle from the
Baikonur Cosmodrome, Kazakhstan.

* Orbit: Elliptical semi-polar orbit, altitude of 350-600
km, inclination = 70.08°.



Resurs-DK1 Geoton-1 Imager

Geoton-1 is an optoelectronic pushbroom imaging instrument. The
overall objective is high-resolution imagery of the Earth's surface for
commercial and research applications. The instrument provides
panchromatic and multispectral imagery in a total of 4 bands in the
VNIR spectral range. A survey observation mode provides image
scenes of up to 2100 km (along-track). The instrument can be tilted
in the cross-track direction for an improved FOR (Field of Regard),
this is being done by spacecraft body-pointing (£ 30¢92).

Parameter Value Parameter Value
PAN band 0.58 - 0.8 um Spatial resolution (PAN) 1 m GSD

MS bands (um) 0.50 - 0.60, 0.60 - Spatial resolution (MS) 2.5-3.5m
0.70, 0.70 - 0.80

Swath width 28.3 km t at nadir FOR (Field of Regard) 448 km
(from a 350 km orbit)




Resurs-DK1 Geoton-1 Imager




RapidEye Earth Observation Constellation

 RapidEye is a full end-to-end commercial Earth
Observation system comprising a constellation of
five minisatellites, a dedicated SCC (Spacecraft
Control Center), a data downlink ground station
service, and a full ground segment designed to plan,
acquire and process millions of square kilometers of

imagery every day to generate unique land
information products.



RapidEye Earth Observation Constellation

* The system is owned and operated by RapidEye AG, a
commercial company located in Brandenburg (a city south-
west of Berlin), Germany. RapidEye is establishing a global
geo-information service. MDA (MacDonald, Dettwiler and
Associates Ltd) is the mission prime contractor and was
responsible for the delivery of the space and ground
segments, launch of the constellation, and on-orbit
commissioning and camera calibration. The two major
subcontractors to MDA were SSTL (Surrey Satellite
Technology Ltd.) for the spacecraft bus, SCC and spacecraft
AIT (Assembly, Integration and Test) services, as well as
Jena Optronik GmbH (JOP) who provided the 5-band
multispectral imager (RGB, red edge, and near IR bands).



View of the five spacecraft at SSTL prior to launch site shipment (image credit: RapidEye)
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RapidEye

Launch: A single launch of the RapidEye minisatellite
constellation on a Dnepr launch vehicle took place on
August 29, 2008. The launch provider was ISC
(International Space Company) Kosmotras; the launch site
was the Baikonur Cosmodrome, Kazakhstan. Fifteen
minutes after liftoff, the tracking station in Oman received
confirmation that all five satellites had been released from
the rocket fairing on schedule. All spacecraft were being
placed into slightly different orbits to allow constellation
phasing. - The launch of the constellation is regarded a
major accomplishment for all parties involved. The EO
(Earth Observation) community will benefit from the
expected high-resolution multispectral data with short
repeat coverage capabilities.



Photo of the RapidEye Dnepr
launch vehicle at Baikonur

(image credit: SSTL, MDA,
RapidEye)
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RapidEye

e Orbit: Sun-synchronous orbit (all five satellites are evenly
spaced in a single orbital plane), altitude = 630 km (10
km), inclination = 9892, local equator crossing time at
11:00 hours (£ 1 hour) on the descending node (LTDN),
period = 96.7 min, revolutions/day = 14.89, spacing/orbit
= 24.202°. The S/C follow each other in their orbital
plane at about 19 minute intervals. The constellation
approach in a single orbital plane permits a cumulative
swath to be built up (the spacecraft view adjacent
regions of the ground, with image capture times
separated by only a few minutes). A revisit time of one
day can be obtained anywhere in the world (702
latitude) with body pointing techniques. The average
coverage repeat period over mid-attitude regions (e.g.,
Europe and North America) is 5.5 days at nadir.



Artist's view of the RapidEye constellation (image credit: RapidEye)
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REIS (RapidEye Earth Imaging System)

 The collector optics utilizes a TMA (Three Mirror Anastigmatic)
design - permitting generally larger FOVs (in the range of about 2-
129) than those of Cassegrain or Ritchey-Chrétien systems (FOV of
about 22 max). The TMA telescope aperture diameter is 145 mm.
The TMA design is based on all-aluminium telescopes. The
necessary optical surface quality for applications in the visible
range is achieved with ultra-precision milling and polishing
techniques. The aluminium mirrors are Ni coated to achieve a
suitable surface polishing quality. REIS is a pushbroom instrument
which images the Earth's surface in 5 spectral bands over a swath
width of 78 km (corresponding to a FOV of + 6.752 about nadir) at
a spatial resolution of 6.5 m at nadir. The collector optics image
onto five parallel linear 12 k pixel CCD detectors. Filters, placed in
close proximity to each CCD line array, separate the spectral
imaging bands.



Spectral parameters of REIS

Band number

Band name

Blue

Green

Red

Red edge

NIR (Near Infrared)

Spectral coverage (nm)

440-510

520-590

630-685

690-730

760-850



Comparison of Orbital Parameters of Some
High Resolution Space Images

Mission a (km) e h (km) | (degrees) wp(t) (degrees) | QW egrees) | T (min) | N(revolution/day)
SPOT 5 7203.4 | 0.00007 830.0 98.8 73.13 29.87 101.4 14.2
IRS-P5 (Cartosat-1) | 6999.1 |[0.00006 618.0 97.9 56.07 28.78 97.1 14.8
Cartosat-2 7011.6 | 0.00002 635.0 97.9 346.99 15.67 97.4 14.8
IKONOS-2 7057.0 0.0001 680.0 98.1 63.90 31.77 98.3 14.6
QuickBird-2 6824.3 0.0002 450.0 97.1 75.77 33.80 93.5 154
WorldView-1 6870.6 0.0002 496.0 97.4 54.02 34.44 94.5 15.2
WorldView-2 7145.6 0.0002 770.0 98.6 82.03 30.92 100 14.4
GeoEye-1 7057.0 0.001 684.0 98.1 330.47 31.13 98.3 14.6
RapidEye-5 7007.8 0.002 630.0 98.0 212.98 41.64 97.3 14.8
DubaiSat 7052.0 | 0.001 | 680.0,.) .98.1.| 315.62 211.35 | 98.2 14.7




Comparison of Technical Specifications of

Some High Resolution Space Images

Mission érgjﬁi;?y slizi)ée(:,) Ilgli?(.etljsf h (km) | f(m) [ SW (km) | Stereo Viewing RRa:Sigm ;ei:)r:]c
SPOT-5 (HRG) | Pushbroom 6.5 12000 830 | 1.082 60 Cross-track (+27) 8 bits
SPOT-5 (HRS) | Pushbroom | 6.5 | 12000 | 830 | 0.580 60 Along-track (+20) 8 bits

Cartosat-1 Pushbroom 7 12288 618 | 1.980 30 Along-track(+26,-5) 10 bits
Cartosat-2 Pushbroom 7 12288 635 5.6 9.6 Flexible Pointing 10 bits
IKONOS-2 Pushbroom 12 13500 | 680 10 11 Flexible Pointing 11 bits
QuickBird-2 | Pushbroom 12 27568 | 450 8.8 16.5 Flexible Pointing 11 bits
Worldview-1 | Pushbroom 8 35000 [ 496 8.8 17.6 Flexible Pointing 11 bits
Worldview-2 | Pushbroom 8 35000 [ 770 13.3 16.4 Flexible Pointing 11 bits
Geoeye-1 Pushbroom 8 35000 | 684 13.3 15.2 Flexible Pointing 11 bits
RapidEye Pushbroom 6.5 12000 g 630> -6:624 77 Cross-track (+ 25) 12 bits
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RADAR (Radio Detection And Ranging)
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Radar remote sensing uses the microwave portion of the
electromagnetic spectrum, from a wavelength of 1 mm to 1 m,
or in frequency terms, from 300 GHz to 0.3 GHz.

200128 799 194 769 484 216 .83 .65 .54

108 15 23539 10° 155 39 62 1017139 36 46 56 10" v [HZ]

| G P

Based on Curander and McDonough, 1991
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Radar

1 Wavelength (1) | Frequency (f)
J eg;zezcy (in cm) (in MHz)
P 136 - 77 220 =390
UHF 100 - 30 300 = 1000
L 30-15 1000 — 2000
S 15-7.5 2000 — 4000
C 7.5-3.75 4000 = 8000
X 3.75 - 2.40 8000 — 12500
Ku 240 -1.67 12500 — 18000
K 1.67-1.18 18000 — 26500
Ka 26500 - 4000

1.18 -0.75
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Overview of Microwave
Systems

® Microwave: Passive, Active

- : = g
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= ) e | 2 —
- 1 CANALIVL ) “ S LS N

e Measure the microwave energy that is radiated (by
thermal emission) or reflected (from sun or other
radiating objects) by Earth’s surface or atmosphere.

2.Active such as radar

e Generate its own illumination by transmitting pulse of
microwave radiation and then using a specialized
receiver system to measure the reflected (scattered)
signal from target
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Why Microwave?

¢ Penetration (cloud, soil, ...)
¢ All weather

¢ Anytime (day and night)
measurement

¢ No significant influence of
atmospheric parameters

¢ Specific characteristics of targets

(seelonl 0y 58
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Disadvantages

¢ Data processing
¢ Large antenna

¢ Active Microwave systems tent to
be the heaviest, largest and most
power consuming

¢ Noises

¢ Low resolution (passive)
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U 8 S el S s 55w 90l Sleete
* Real Aperture Radar ( RAR ) _ai> S48 L lsl,

e

* Synthetic Aperture Radar (SAR) = suas Ss5i8 L s,

Radarsat-1 uses a Synthetic Aperture Radar
(SAR) sensor to image the Earth at a single

Canada's Earth microwave frequency of 5.3 GHz, in the C band
Observation Satellite (wavelength of 5.6 cm).

10/10/2020 ksl 0y, 272


http://en.wikipedia.org/wiki/Synthetic_Aperture_Radar
http://en.wikipedia.org/wiki/Microwave
http://en.wikipedia.org/wiki/C_band

S8y 6310 3y gual s (A5 g5l

Low auas ol U oesl, eleas o gl L D e ol
- _..-.._fc-.'-'L L Y e J\-—FW-‘_,.-J i — =

Side Looking Airborne Radar « ; s o lewlislen g5, o151 <
- s I e ill Sl - N B I
L2 e (SLAR)
.= - ;Lé':""ﬁ'l - § i t.] b | -.Ilﬂ. '-,:-I_l v - -,.I, Y - i
_-'a"‘""' ._Fq = _,5 _..-"""? I',' h;‘-‘ Ao P Lrﬂ---—-:u- |,___-3' AN

Radar pulse sent from aircraft

Return signal from tree

- __-_-_.,..—-—I-_F ‘J
Raturn signal from house

— J—

10/10/2020 273




g Sy diged

X

6)‘&')

274

P DUV VL

10/10/2020



S100y W s 5O a1yl )by g 2!

gight P20

- Earth

% normal
‘% vector

V.
g s N $
= "o incide
= 'man';: neef"a"g?--—"}_ swathwidth_-jl
Y —'""—-— ‘sfa‘g_/”;/
E o ground range B wa““e‘g“
(‘?‘/‘ «‘ﬂ\/r
- ﬁﬂ

10/10/2020 shelonl 0y 58 275




S100) Gy iy pieo syl 9 Mol

10/10/2020

99_0.:;» alols u._n_‘ I s C.‘a..a 9 0w UL-'-“ Soges alols :(Altitude) &LQS)I
S9ist OIS 9 et A555 L g b Lo lawsgie mhans 5l 6l5 5 (g9 S grlans

Sl (g el ;3 onizin gl 5 50 Cw s (ol abadi :(Nadir) ;00

‘-’“-i; Iy 9% S > S ((Azimuth) C)’A._l_)'T
paidS a5 glailen 0sgS 1) eLil b suimiw L alold (Slant Range) bl alold
St (2l 9 WS (o0 )0 ppa bile Sj50 4 5 b, (sl el Slap

Range ) alools cyz b (il gz 4 2isd o 6,05 o5l Jolgd )] o a5 e
Slatie g 3 1) b el )l oles g ], S ptasw .Cusl By 20 (Distance
DS o0 (655 o5lasl ol

Aol as conl Jole al ol Jolae io; alols (Ground Range) ey dlols
é,..::u.o 0duols e @L:S‘P

o an res aloli Ly g bile alols -y 2S5 :(Near Range) Sy dkald
A5

oS |y ool 4y ey alold b g ble alold oy 555 :(Far Range) 599 diald

P DUV VL

\/
°

@
24

276



S0y sl pmaw yo o sla ol )b 9 Mo

&
L X4

g JiSw Jawgi 45 e mhaw 5l 25y alade (Swath Width) cosls U

D oo Cald 5 g 00l s0ld

Cls y Ogan sl Cga 50 ), daugs a5 gl alols ((Swath Length) cusls p Job ~ %*
g o0

e gy 9ges 155 ol asel; :(Look Angle , Illumination Angle) ass wl; %
) 955 4 pegate Wi dygly eatzin 1o an o |y sz Jxe 0 zge (sliul,
A5 pas5 Wlgh 0 RADARSAT aiile ans )0 45 55l

Ly oo haw 51 0502 a3 4 z9o sbl) yla 44l; «(Incidence Angle) 59,9 dygly o
Wgtso nlyt 298 49l 9 a3 argly olST 098 (53 Blo yaa prhaw ST .0yS

2 S9—s ha> g ze0 gLl le a4l :(Local Incidence Angle) Sl 39,9 dsgly  %*

Sl e (e cndh 5030 gl 5l ol e 998 agly Sl o yae) oylall o
INCIDENT SURFACE NORMAL ~ LOCAL ‘

SLOPE
(Y | VERTICAL (a) ) ) s s <
WAVELOCAL \ Ty High Sl ) 5tk polai Ygems S5 S slez e Isb <
INCIDENT W (i 358« ZBop gz dsb ) a)ls Ko oo Jsb 4 55 558 i <
ANGLE 7, T o
SCATTERING ke gt

SURFACE



S100y W s 5O a1yl )by g 2!

toward Sensor

10/10/2020 shelowl 0,8 278



T il CablB oS s s pol )l op yogeo 31 (SO (6510]y 6 i jO (S0 SIS W yas
| J'.’.SL‘“; )‘ < leMb|

o d SO o 90 Lt gy odioriuw (o1 Ulgi o 6,101y Gl o (1 (S0 S &yl
D (o0 i g |30 bl g0

1610l B e 50 S0 SIS W yu8 gl

Slant Range Resolution  zgo Jlw,l cys b bl abold cys ;0 SUSi W -
Azimuth Resolution jlg s cus b Oges T Cao 30 SUSE & ,a8-

10/10/2020 seslonsl 0y 8 279



P R0 93

(Angular Beam Width) s ;& - ot rpslasl; 22 B

. (Pulse Length) L J. PL

(Look Angle) x: ;5 0.

1
Jlo)l ley Soe T aels 4y axgi L-
Jsb (4l 9,500 V B -.F (0 (5 )lade)

Cl ozt o Y ¢ LA)ILu)muJL
280




319 (TS L (5)18]) b e 50 (S0 SUSLT W HuS

ey Jlo,l coz b bilo alols cy 5o oS wjus-

Zasl oy Jobo 5l ol a5 el (oo (ol S8 D58 ) Slg s s 2 Sges Sz )0 SSES )8
T ool Sy o ,08 Rg-
oo Jud gl O -

9 e C -

(4l 5, 5ue V1 =¥ s 6 i) Jlooy) e ke T -
xSGAL;la(wfﬁsQé)))l.gsoboyw(_g)bbdbiw45¢;M|w|gj,,.loc\.3\’ﬁ(CXT)uﬂJli.Ja.L:M-

s aplss (5 yie Jilo alold g 50 (S0 ST @58 29 iSzoS ully Job 4z 0
Sgs J1ow g0 o 41 Jslo <l 31 Zlgol Jluwyl 1550 (3l 43 b g 055 Jso yio 49 0 azilir
(131 5 s 35 e 500 4 ol Juoyl sl o5 31 (oK0) 398 (oo o S 503
209y (0 PV SuSES @ jud g Sy 0 S magd 590 o laz @

. (Pulse Length) L J. PL
(Look Angle) s « s E)i

Jlo)l ley Soe T aels 4y axgi L-

Jsb (456 9,50 V B +.F o (5 )laie)

Gl jozin yio VY- L:/\)Lufuwjl.a
281




*S8lg (S5 b 5,10l sl i jo S0 SIS W yu8

f<_ Antenna

. Range
40° depression angles () :
of 40° and 65° Resolution

pulse length (1)

T < "
= 65° 0.1 x 10-0 sec
%
_':." distance between
£ towers | & 2, and
g between towers 3 & 4
s =30m
>
2 towers
< 1 and 2 towers 3 and 4
-§ are not are resolved
= resolved
T\
1 3 4
| ———>] | —>|

R,=355m R,= 19.58 m Jensen, 2007
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High-Resolution Comparison

3-metre resolution 10-metre resolution
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¢ Volume Backscatter
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As a result of the interaction
of radar and a complex
medium, such as
vegetation or penetrated
ground, the polarization

of the backscattered
signal can be
significantly different
from the incident
radiation (e.g. sample
relative intensity around
60%)
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surface scattering
from the top
of the canopy

volume scattering

surface and
volume scatiering
from the ground
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Penetration (Response of A Pine
Forest Stand)
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Polarization of a Plane EM Wave
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polarized energy
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radar antenna

transmits horizontally

H H polarized energy
toward the Earth

horizontal
receive

vertical
send

vertical
filter

backscattered vertically
polarized energy from Earth
is received by the antenna

horizontal
send

horizontal
filter

backscattered horizontally
polarized energy from Earth
is received by the antenna
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RADAR Polarizations
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Radar Polarization

¢ HH and VV configurations produce
like-polarized or co-polarized radar
Imagery.

¢ HV and VH configurations produce
cross-polarized radar imagery.
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Polarization

Sample Imagery:
Shoreline Detection

%
)
§
S
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o
o
)
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>
(&)

s
X

From CCRS
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Applications (a few examples)

# Soil moisture content

® Sea ice extent

4 Ocean pollution

# Coastal changes

# Geological sturctural features
@ Surface morphology

@ Vegetation canopy

10/10/2020 helawl &y 4 312



Application: Oil slick on the ocean

¢ ERS-1 image

L @ Ship — metal (corner)
M‘* relfector

. @0il smooth surface on the

hamrse Walar A uthor ity dump slip dumping

acrra (o in il Nojth Sca . From: ESA 2000

Copyright Ereenpeace 7 Nargan 1628
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TECHNOLOGIES

oil Spill Monitoring
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9 November 2006; Cannes, France
Training Course on Oil Pollution’ Monitoring

boost

rTECHNOLDGIES

[y

Dol

Slicks detection |

e N

ENVISAT Wide Swath Image
boost 17-NOV-2002 10:45:03 .
F ST TR idas; . SENIEAE ~ SHSNET'RE ya R L ] s
et - ::u)--- ¢ | “

N . d ST e . :

3 3 d fi* r: T :
Ship detection T.X
4 4
-

- .
SAR Wind field
315
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3
200
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Application: mapping harbours and
_urban areas

A
-~

S
S

Multitemporal display of
images about Venice

From: ESA 2000
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Flood monitoring on the Mississippi

and the Missouri

heland 3 5

Red: L band HH.
Green: C band HH and
Blue: L band / C band

This 1mage was
acquired by the
Spaceborme Imaging
Radar-C/X-band
Synthetic Aperture
Radar (SIR-C/X-
SAR) on April 17.
1994, onboard

the space shuttle

Endeavour.
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SIR-A, SIR-A, SEASAT, PL AirSAR, Radarsat 1-2, ERS 1-2, SIR-C, Envisat

RADARSAT-2

Envisat
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Radarsat 1

Extended Low

Satellite
Ground Track

ScanSAR Extended High

Standard

Beam Modes Mominal Swath Width Nominal Resolution (m)
(km)
Fine 45 =
Standard 100 30
Wide 150 30
ScanSAR narrow 300 50
ScanSAR wide SO0 100
Extended high incidence 75 158-27

Extended low incidence 170 20



Radarsat 2

Subsatellte Track

Extended Beams
(Low Incldence)

All beam modes
are available as right-
or left-looking

-

.!ScanSAR Extended Beams
o Fine- (High incidence)

= > g Wide-  Resolution

Swath  Beams

Beams Multi-Look Fine Resolution
Standard Beams Fine Quad-Pol

Standard Quad-Pol (reduced swath width)
Ultra-fine  (reduced swath width)

Beams

10/10/2020




Radarsat 2

Beam Modes Mominal Swath Width Approximate Resolution
(km) {m}"l
Selective Polarization Fine 50 10x 9
Transmit H or ¥V recerve H dard
and/or v Stanaar 100 25 x 28
Low incidence 170 40 x 28
High incidence 75 20 x 28
Wide 150 25 x 28
SCcansSAR narrow 300 EQ x B0
ScansSAaR wide 500 100 x 100
Polarimetric Fine Quad-pol 25 11 x 9

Transmit H and WV on

alternate pulses / Standard Quad-pol 25 25 x 28
receive H and V on any

pulse

Selective Single Ultra-Fine 20 3x3
Polarization iiah

Transmit H or V receive H >Potight 18 axl
or v Multi-Look Fine 50 11 x 9

F1 Zemnimd ramas bos 2eimeodk
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Radarsat

Radar

Active Antenna
Centre Frequency
Bandwidth

Polarization

Polarization Isolation

Aperture Length
Aperture width

Mass

Deployment Mechanism

10/10/2020

RADARSAT-1

C-Band
5.3 GHz
30 MHz

HH

= 20 dB

15 m
1.5 m
579 kg

Extendable support
structure (ESS)

RADARSAT-2

C-Band
5.405 GHz
100 MHz

HH, WV, HV, WVH

= 25 dB

15 m
1.27 m
750 kg

Extendable support
structure (ESS)

helad 5 5

Constellation RADARSAT

C-Band
5. 405 GHz
100 MHz

HH, Vv, HV, WVH, Compact
Polarimetry

=28 dB
{as of latest specs)

2.75m

1.28 m

400 kg approximate
Simple strut deployment
with a kinematically

decoupled internal support
structure

322



dwds> UL

10/10/2020 seslowsl 0y )8 323



10/10/2020

599 3l e Sl

shelonl oy )3

Farid_63@yahoo.com
www.faridesm.ir

S5 Sl oy 83y 5l oliwl b wled
Colo g 50 la bl il ;o ol ol o 4ol osalin

eelonl 0,8

324


http://www.faridesm.ir/

pead (o3l y Cuonl

Ly guad ()l 9 Coonr]

u,...a|)3| 9 LS}L‘*’ oﬁéfb LS‘)'.’ )Lu S y90 alas|> > u.....c’alf 6‘).3 6}@ oo)..:l:._é -
513k 9,90 Sledlbl glyinl g i Joged Cz npad 2Lk 5 5l 55k -

¢ ygeal 0 g2 g0 0010 09l pox> 3l JLa 050 Dledbl Saes ol Sl -

tplarl 5 2)lse 05> lolid 5 ppal S0 a4 s (5l 0 -

gl alie
S b S 559 SUSL Ol St @b by o 4 Cond o o 5
el slezge Jsb 4

10/10/2020 sheelonsl 0, 3 325



gl R yaS

J6Y) siile j5 cad b olids; 5l canl (o 50 @l b JUiSws S (gs) p o

SIS Slae it il e el 4 S s 5 s 50 b ) s o
e g5k a5 s sampling S pxs gjle 4 S 5 ol kil e s
Ded oo samel quUAntization o liss,

PIOCY) 5 sl oads e zge Jsb o y0 hadd j55 i K585 098, gl o
.a}ﬁﬁﬂﬁﬁ)ﬁﬁ-@ﬁjd_}dﬁ'@1am&“ﬂ:ﬁﬁ

sl slael 51l S Y bl w5 (K (0985 sl

10/10/2020 (seelonl 0y 58 326



X o)

I: G = X Db o 5 I U O)s0 4
(Olats ) Ogww 9 phw slas G

shb s slad X
Analog Data to Digital Data
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(Image Processing) ygai wijlo
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Computer
Graphics
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(8-neighborhood) 8 Slues (4-neighborhood) 4 Slues

(+1L¥hx= 13 (Ey+1,{s¥y—-1) (x+Ly){x—1Ly)(xy+1).(xy—-1)
(L yElieE+Ly=12=13+1) = L¥=1)
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m Perceptual Aspects of Color
Primary colors: Red, Blue, Green

Secondary colors:
m Magenta (purple) = Red+ Blue

o = Blue +Green
o = Red+Green
Blue = (0,0,1) Cyan = (0,1,1)

Magenta = (1,0,1) = White = (1,1,1)

Black = (0,0,0) .-) Green = (0,1,0)

Red = (1,0,0) Yellow = (1,1,0)
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Color Images (cont.)

HSI (Hue, Saturation,
Intensity)

Hue: The true color attribute
(red, green, blue,orange
yellow,...)

Saturation: refers to the relative
purity or the amount of
white light mixed with a
hue.

Intensity: The degree of
brightness. A well-lit color
has high intensity, a dark
color has low density.
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(Saturation) S, ¢ .— 5 (Hue) 5o = s(Intensity) o
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m Gray Level (Gray Scale)

the number of gray levels typically is an
integer power of 2:

L =2F
K = bit image.
Ex: 8 bit=2°=256
239 White
Blue = (0,0,1) Cyan = (0.1,1)
Magenta = (1,0,1) White = (1,1,1)
127 Gray
Black = (0,0,0) ..) Green = (0,1,0)
Red - (00 Yallow - (110)
0 Black

Polal S8

sl (5o 00 123 zmad g ol (6l Sek> 6l s bsLo
BMP, GeoTiff, HDF -

JPEG -
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(Color Composites) 5, sleussS s
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(RGB) colors TCC
(RGB) colors FCC
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True and False Color Images
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FPseudo- natural colour False colour composite (4,3,.2)

compositE (352)
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Color composites

"Red-iGréen % "'
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Some Definitions (cont.

True Color Composite False Color Composite
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(Image Histogram) s g5 pl )5 gt
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(Pixel grayscale transformation) l» L.So 6,855 4> 0 gla Las

g =T(p)

P is the original gray values normalized between 0 and 1
T is the transformation

g is the transformed gray values

Look Up Table (LUT) & lawsgs

In | Out :Q};L = JLGJ;]
0 0
4 -
2 | 8 p
253 | 245 a - Negative transformation
254 | 250 b - Contrast enhancement (between p1 and p2)
255 | 255 c - Brightness thresholding
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Look-up tables.

RED GREEN  BLUE as slael 5l (6595 sl SO cS LUT JI5° -
0 2 0 O 0 0 sl ] s

1 1 1 2 1 0 Slach 5l g2 oy Se

2 1 2 0 2 2

3 4 301 304

4 4 4 6 4 4

5 5 5 3 5 6

6 7 6 5 6 5

7 8 7 8 7 6

8 9 g 7 8 9

o 11 9 9 9 10

10 10 10 8 10 10

o101 1o LUT b ¢ Sl a9 slo 5o -
13 15 13 13 13 11 _

14 13 14 15 14 15 gl oo Jlos! s pe
15 14 15 15 15 13
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s b
(Negative)

q=1-p
0<qg<l
qa
1
0 1 p

A N
0

s A
0 255 255
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Slewl o> bas

:(thresholding)

q= p=thr
0D<p<l

0<rthr <1

=1

0 thr 1

Fy F N ~ = 2
0 286 D
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:(histogram stretching)

[0 0<p<a
= (p—a) a<p<b
g= -0 P
| 1 b<p<l
qa
1 /

— ~ = 2
255 0 255

“ PN
0
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Linear Histogram Stretching:

frequency

Stretch:

0-801 80 - 140 1140-255
HInteresting interval is visualised betfter @
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Linear Histogram Stretching

S92 ) JewSy b 2 o S 2als3 o )5 45 (63190 calod y3 s u)lS
Ul 39, o0 B L 2kl jaRia o suas

S0z puweis ¥V

(e J S blws) GCP Gl v

2 S b (5l polae SlednSy i V

10/10/2020 Y i3 G310 Sloe  slond 3 359



& 3 2
0

255

2
255

LS Lo

qg=c-p’
0 < p<l
yF=0.4 =1

-

10/10/2020

360




Histogram stretching: usual cases
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Histogram Equalization
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Radiometric Correction

Noise removal

SIR-B radar
image before
and after noise
removal.
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Radiometric Correction

High-altitude normal
colour airphoto of
redwood stands and
open grass areas in
Redwood Creek
Basin, California,
with (left) and
without (right)
Atmospheric haze.
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L7 ETM+ SLC-off (2003-present):
Use of this data requires analysis software which is not typically found on workstations.
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Path: 156
Rovr: 35
Entity ID Item Description Product Description Options Output Media Price
I Empty Cart ][ Update Cart ]| Submit Order ]
Downloads
W@ SO
Entity 1D 4 item Description DataSet ¢ Operations
52011276PFS00 Acquisition Date: 03- L7 ETH+ SLC-off LA
ocT-11 2003-present)
Path: 165 [Dovrload
Row: 35
Entity ID Item Description Data Set Operations

D9l oo 3h ) Ao oglls 43T 65, p SIS

Please selectfrom the following download options:

O LandsatLook "Natural Color Image ( 8.3 Wb JPEG)

O LandsatLook Thermal Image (9.8 Mb JPEG!

8. andsatl ook images with Geographic Reference (1.2 b JPEGY

Level 1 Product - Processing Required (submit order for data processing)

Select Download Option Cancel

ol axals a8 5 kaw 51 toles fen paal &G 0g dules 08 al> e cpl o Lol
o ool Aaled Lok 4y abbgype 0 2ty ;o ogbils b 2ules ey jaglal .aaS sslils
LandsatLook Images with Geographic Reference ( 18.2 .5 e Qg

S selils 00,5 Sl |, Mb JPEG)

helowl 3,8

454



www.faridesm.ir farid_63@yahoo.com

Download Scene

Click the download button to download Scene ID: LE71660352011276PFS00
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- Lectures Remote Sensing Basics - dr.ir. Jan Clevers- The Centre for Geo-information of Wageningen University and Research Centre
-Remote Sensing Digitallmage Analysis - An Introduction/ 4th Edition/ John A. Richards - Xiuping Jia

-Remote Sensing Applications - Department of Geomatics University of Melbourne

-Principles of Remote Sensing -An introductory textbook - ITC Educational Textbook Series
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