Remote Sensing
Exercises for Practical Work

Course Content and Credit Scheme

Unit Topic Allotted Time
(Hours)
L T |P
I. [Remote Sensing: 3 0 10(5)*
Definition, Development, Platforms and Types
II. |Aerial Photography: Definitions, Principles, Types and Geometry 4 0 20(10)*
III. |[Satellite Remote Sensing: Principles, 4 0 30(15)*
EMR Interaction with Atmosphere and Earth Surface;
Satellites (Landsat and IRS) and Sensors.
IV. |[Bases of Visual Interpretation of Remote Sensing images: Land use/ Land | 4 0 30(20)*
Cover, Fundamentals of Global Positioning System (GPS) — Principles and
Uses
Total Hours 15 0 90(45)*

Dr. Jagdish Chand
Assistant Professor, Geography
Govt. College Sangrah
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WHAT IS REMOTE SENSING? I

REMOTE SENSING
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The Remote Sensing Process
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History of Remote Sensing
Kl e |

1929-1939: Economic depression generates environmental crises that lead to
governmental ap plications of aerial photography

1930-1940: Development of radars in Germany, US, and UK

= 1939-1945: World War |l: applications of nonvisible portions of electromagnetic
spectrum; training of persons in acquisition and interpretation of airphotos

1950-1960: Military research and development
1956 Colwell's research on plant disease detection with infrared photography

1960-1970: First use of term remote sensing TIROS weather satellite Skylab remote
sensing observations from space

1972: Launch of Landsat 1

1970-1980: Rapid advances in digital image processing
1980-1990: Landsat 4: new generation of Landsat sensors
1986: SPOT French Earth observation satellite

1980s: Development of hyperspectral sensors

1990s: Global remote sensing systems, lidars



History of remote sensing

1783: The Marquis d’Arlandes and Pilatre made a voyage near Paris using a balloon.
Photography using balloon, pigeon
1860: Aerial photos in Russia and the USA

1914-19: The first World War and the second World War (1939-45) had seen
tremendous development in photography

1927: Robert Goddard launched the first liquid-fueled rocket.
1955: Work began on the Baikonur launch site in central Asia.
1957: Sputnik 1 launched from Baikonur (first satellite)

1961: Yuri Gagarin launched in the Vostok 1 capsule, becoming the first human in
space.

1969: Neil Armstrong and Buzz Aldrin became the first humans to walk on the Moon.
1971: The first Space Station in history, the Russian Salyut 1

1972: (US Landsat1) the concept of imaging from satellites is introduced

1986: France launched the first stereo-image satellite (SPOT1)

1992: The space year (the maturity of remote sensing - 20 years of operation)

1995 The Shuttle-Mir Program (1* phase of the International Space Station (ISS).

2000 The first 3 astronauts (2 Russian and one American) start to live in the ISS

1988 ISRO Launched IRS-I




Remote Sensing Platforms

+ Ground level remote sensing

— Very close to the ground (e.g., Hand held
camera)

— Usedto develop and calibrate sensors
for different features on the Earth's
surface

Aerial remote sensing
— Low altitude aerial remote sensing

— High altitude aerial remote sensing

+ Space-borne remote sensing
— Space shuttles

— Polar orbiting satellites

Ground level RS

— Geo-stationary satellites




Platforms Used to
i Acquire Remote Sensing Data

s Aircraft
« Low, medium & high altitude
= Higher level of spatial detail

= Satellite
= Polar-orbiting, sun-synchronous
= 800-900 km altitude, 90-100 minutes/orbit
= Geo-synchronous
= 35,900 km altitude, 24 hrs/orbit
= stationary relative to Earth



Spaceborne
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Sensor Types

non-imaging
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REMOTE SENSING SENSORS

Types of

—Passive —

Sensors .

Aclive

—

“ Microwave Radiometer
Magnetic sensor

~ Non-Imaging Gravimeter
Fourier Spectrometer
= Others
- Non-Scanning
~ Monochrome
Natural Color
— Imaging Camera Infrared
Color Infrared
Others
— Image Plane TV Camera
Scanning . Sohd Scanner
- Scanning Imaging
- Object Plane Optical Mechanical Scanner
Scanning Microwave Radiometer
~ Microwave Radiometer
Non-Scanning —— Non-Imaging 4. Microwave Altimeter
- Laser Water Depth Meter
L. Lascr Distance Meter
Object Plane _{ Real Aperture Radar
Scanning Synthetic Aperture Radar
~Scanning Imaging —
Image Plane = Passive Phased Array Radar

Scanning



TYPES OF AERIAL CAMERAS

O There are many types of aerial cameras:
e Aerial mapping camera (single lens),
e Reconnaissance camera,

O Strip camera,
e (Panoramic camera,

o Multilens camera, the multi camera array (multiband aerial
camera)

* Digital camera
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Stereo-photography 3-d visualisation

« Overlapping aerial photographs can be used to build
3-d stereoscopic visual models. These can be used
to map out contours and heights of features
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Remote sensing and EMR
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EMR Radiation and Its Interactions with Atmosphere
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Angle of
Exitance

Angle of
Incidence

Smooth water

a. Perfect specular reflector.

¢. Near-perfect diffuse reflector

Angle of Angle of
Incidence Exitance

b. Near-perfect swcﬂccmr,

d. Perfect diffuse reflector, or
Lambcrtian surface.
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Band | Wavelength | Nominal Spectral Principal Applications
Location

1 0.45-0.52 Blue Useful for coastal water mapping as it is designed for water
body penetration. Also useful for forest type mapping, soil/
vegetation discnmination, and cultural feature identification.

2 0.52-0.60 Green Useful for vegetation discrimination and vigor assessment as
designed to measure green reflectance peak of vegetation.
Also useful for identification of cultural feature.

3 0.63-0.69 Red Aiding in plant species differentiation, as it is designed to sense
in a chlorophyll absorption region. Also useful for identification
of cultural feature.

4 0.76-0.90 Near infrared Useful for determination of vegetation types, vigor, and biomass
content, for soil moisture discrimination and for delineating water
bodies.

5 15.5-1.75 Mid-infrared Useful for determination of vegetation moisture content, soil
moisture discriminations, and thermal mapping applications.

6 10.4-12.5 Thermal infrared Useful in vegetation stress analysis, soil moisture discrimination,
and thermal mapping applications.

7 2.08-2.35 Mid-infrared Useful for discrimination of types of mineral and rock and

determination of vegetation moisture content.




TYPES OF SATELLITES & LAUNCH VEHICLES
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Landsat Missions: Imaging the Earth Since 1972

&
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I Landsat1 July 1972 - January 1978
I Landsat 2 January 1975 — July 1983
B Landsat 3 March 1978 — Seplember 1983
I Landsatd July 1982 — December 1993

N Landsat5 March 1984 —January 2013
| Landsat6 October 1993

Landsat 7 April 1999 —
Landsat 8 February 2013- [0
Landsat9 2023 |

1970 1975 1930 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030
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B Landsat 1 July 1972 - January 1978
B Landsat2 January 1975- July 1983
I Landsat3 March 1978 - September 1983
I Landsat 4 July 1982 - December 1993

N Landsat5 March 1984 - January 2013
" Landsat6 October 1993

Landsat7 April 1999 -
Landsat8 February 2013- [0
Landsat 9 2020

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030



Satellite Sensor Launch No. of MS Panchromatic Thermal Altitude

Year bands resolution bands (km)

[nominal (nominal) (m)  [resolution]

resolution]
Landsat 1 MSS/RBV 1972 4 (80 m] - . 920
Landsat 2 MSS/RBV 1975 4 (80 m] - - 920
Landsat 3 MSS/RBV 1978 4 (80 m] - . 920
Landsat 4 MSS/TM 1982 6 [30 m] - 1[120m] 705
Landsat 5 MSS/TM 1984 6 [30 m] - 1{120m] 705
Landsat 6* ETM+ 1993 - - - -
Landsat 7 ETM+ 1999 6 [30 m] 1[15m] 1[60 m] 705

Landsat 8 OLI/TIRS 2013 8" [30 m] 1[15 m] 2[(100m] 705




ETIM + Coarse Sun Sensors

Instrument b +7
dperture

Cooler
Coor

Lopen)

> - B - Solar Array
Aperture i & ar’ (zanted 20° from +2 axis)

Aszermbly
(1 of 2) Vel

Gimballed
#-Band
Antennas

o
o

LANDSAT Satellite Image/ Structure

Hadir




Indian Remote Sensing Satellite Series
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Indian Space Research Organization (ISRO)
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ISRO Centres

Chandigarh, Punjab
Semi-Conductor Laboratory {SCL)

Jodhpur, Rahasthan
Western RRSC

Udaipur, Rajasthan
Solar Dbservatory

Mt. Abu, Rajasthan
Infrared Observatory

Ahmedabad, Gujarat| %
Space Applications Centre (SAC) \.
Physical Research Laboratory (PRL) k’
Development and Educational Communication Unit (DECU)

Nagpur, Maharashtra
Central RRSC

Mumbai, Mahrarashtra
ISRO Liaison Office

Bengaluru, Karnataka

pace Commission

Department of Space and ISRO Headquarters
INSAT Programme Office

NNRMS Secretariat

Civil Engineering Programme Office

Antrix Corporation

ISRO Satellite Centre (ISAC)

Laboratory for Electro-Optic Systems (LEOS)
ISRO Telemetry, Tracking, and Command Network (ISTRAC)
Southern RRSC

Liquid Propulsion Systems Centre (LPSC)

Hassan, Karnataka
Master Control Facility (MCF)

Byalalu, Karnataka
Indian Deep Space Network (IDSN)
Indian Space Science Data Centre (1SSDC)

Aluva, Kerala
Ammonium Perchlorate Experimental Plant

Thiruvananthapuram, Kerala
Vikram Sarabhai Space Centre (VSSC)

Liquid ProRulsion Systems Centre (LPSC)

ISRO Inertial Systems Unit (1ISU)

Indian Institute of Space Science and Technology (IIST)

%

Dehradun, Uttarakhand
Indian Institute of Remote Sensing (IIRS)
Centre for Space Science and Technology Education in Asia-Pacific (CSSTEAP)

New Delhi, Delhi
DOS Branch Secretariat
ISRO Branch Office

Delhi Earth Station

Lucknow, Uttar Prade
ISTRAC Ground Station

'~ ,‘
* =21

Shillong, Me?halaya
North Eastern Space Applications Centre (NE-SAC)

Kolkata, West Bengal
Eastern RRSC

Bhopal, Madhya Pradesh
Master Control Facility - B (MCF)

H{derabad Telanqana
National Remote fensing Centre (NRSC)

Tirupati, Andhra Pradesh
National Atmospheric Research Laboratory (NARL)

Sriharikota, Andhra Pradesh
Satish Dhawan Space Centre (SDSC), SHAR
Port Blair, Andaman Islands |~ 0
Down Range Station
Q
- ’
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Map by Emily Lakdaowalla for The Planetary Society based on isro.gov.in‘obout-isro/fiso-centres. 10 May 2018

Mahendragiri, Tamil Nadu
ISRO Propulsion Complex



PRL

NARL

NE-SAC

SCL

Department of Space

ST

d

ISRO

ANTRIX

VSSC

LPSC

SDSC-SHAR

ISAC

NRSC SAC

lISU

DECU

MCF

RRSSCs

ISTRAC LEOS

Antrix Corporation Limited, VSSC: Vikram Sarabhai Space Centre, LPSC: Liquid Propulsion
Systems Centre, SDSC: Satish Dhawan Space Centre, ISAC: ISRO Satellite Centre, SAC: Space
Applications Centre, BSU: ISRO Inertial Systems Unit, DECU: Development and Educational
Communication Unit, MCF: Master Control Facility, RRSSCs: Regional Remote Sensing Service
Centres, ISTRAC: ISRO Telemetry, Tracking and Command Network, LEOS: Laboratory for
Electro-optic Systems, BST: Indian Institute of Space Science and Technology




History of Indian Remote Sensing Satellites

Mission Year of Launch Sensors Sensor Specifications
Bhaskara-1/11 1979/1981 Microwave Radiometer 19/22/31 GHz
(SAMIR)
INSAT-1 series 1982-1990 VHRR VIS : 2.75 km Resolution
NIR : 11 km Resolution.
INSAT-2A, 2B 1992, 1995 VHRR VIS : 2 km Resolution.
TIR, WV : 8 km Resolution.
INSAT-2E 1999 VHRR VIS : 2 km Resolution.
TIR, WV : 8 km Resolution.
CCD VIS, NIR, SWIR : 1 km Resolution
IRS-1A, 1B 1988, 1991 LISS-I Multispectral Resolution : 72.5 m, Swath : 148 km
LISS-II Multispectral Resolution : 36.25 m, Swath : 142 km
IRS-P2 1994 LISS-II Multispectral Resolution 36 m, Swath 148 km
IRS*-1C, 1D 1995, 1997 Panchromatic Resolution : 5.8 m, Swath : 70 km
LISS-III Multispectral Resolution : 23.5 m, 70.5 m Swath :
141 km, 148 km
WIFS Resolution : 188.3 m, Swath : 774 km
IRS*-P3 1996 WIFS Resolution : 188.3 m, Swath : 774 km
MOS-A,B,COpto-electronic  Resolution : 0.5- 1.5 km, Swath : 248 km
IRS*-P4 1999 OCM Ocean monitor Resolution : 360 m, 20 nm Spectral Swath:

IRS*-P6(Resourcesat)

MSMR Microwave
Radiometer

2003
LISS-IIl Multispectral

AWIFS

1420 km

6.6, 10.75, 18, 21 GHz channels
Resolution: 40-120 km, 1°K Accuracy
Swath : 1360 km

LISS IV Multispectral Resolution : 5.8 m,
Swath : 70 km

Resolution : 23.5m, 70.5 m
Swath : 141 km, 148 km

Resolution : 70 m, Swath : 774 km

* Currently available satellites.
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History of Indian Remote Sensing Satellites

IRS 1A
IRS 1B

IRS P1 (also IE)

IRS P2

IRS 1C
IRSP3
IRS 1D

IRS P4 (Oceansat-1)

Technology Experiment
Satellite (TES)

IRS P6 (Resourcesat-1)
IRS PS5 (Cartosat 1)
Cartosat 2 (IRS P7)

Cartosat 2A (IRSP?)
IMS 1(IRSP?)

Oceansat-2

Cartosat-2B

Resourcesat-2

17 March 1988
29 August 1991

20 September 1993

15 October 1994

28 December 1995
21 March 1996
29 September 1997

27 May 1999

22 October 2001

17 October 2003
5 May 2005
10 January 2007

28 April 2008
28 April 2008

23 September 2009

12 July 2010
20 April 2011

Vostok, USSR
Vostok, USSR

PSLV-D1

PSLV-D2

Molniya, Russia
PSLV-D3
PSLV-C1

PSLV-C2

PSLV-C3

PSLV-C5
PSLV-C6
PSLV-C7

PSLV-C9
PSLV-CS

PSLV-C14

PSLV-C15
PSLV-C16

Mission Completed
Mission Completed

Crashed, due to launch
failure of PSLV

Mission Completed

Mission Completed
Mission Completed
Mission Completed
Mission Completed

In Service

In Service
In Service
In Service

In Service

In Service
In Service

In Service

In Service



STAR SENSOR
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1995/1997 .

= ™

IRS-1C/1D LISS-3 (23/70M, 4 RESOURCESAT-1
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Global Positioning System (GPS)




Three Segments of the GPS

Space Segment

Ground
Antennas

Master Station Monitor Stations



Space Segment
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Ground
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Marine )

Master Control

Station Monitors

Ground Segment User Segment
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GPS system Satellites

* atomic clocks
* radio transceiver

¢ antennae

¢ on-board computer
¢ solar panels

Users
well-trained

operator +
Satellite receiver(s)
¢ antenna

* RF unit

¢ computer
¢ battery

Control stations

« tracking of satellites

« orbit and time
determination and
prediction

¢ data upload




