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Remote Sensing

Jo sense an object without being In
physical contact with it




Some Remote Sensors
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What I1s Remote Sensin

Science of collecting information about an
object, area or phenomenon from a distance
le without any physical contact
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Remote Sensing

Collection and Interpretation of iInformation
about an object without being in physical
contact with the object.

Alrcralt and satellites - common platferms.
It IS commoenly restricted to methods that
employ electromagnetic energy. (such as
ight, heat, seund etc.) as the means of
detectingand measurng tanget
ChalaCIENISTICS;



What Is remote sensing?

The International Society for Photogrammetry and
Remote Sensing (ISPRS) defined Remote Sensing (RS)
as:

“The art, science, and technology: of obtaining reliable
Information about physical objects and the envirenment,
threugh the process of recording, measuring, and
Interpreting Imagery: and digitall representation of energy:
patterns derved ffem nen contact Sensor system = . This
definion censidered phoetegrammetry as sub-field of
[EmOete Sensing

—ViaiCameErasthecerdimngron iimuywnhiChimay tenoe
SCannEedN(AeRal pPhetes)

—WIBISENSOrSHWRIChIdITECHYoUTpPUaIgItalfd ata
(Satellitenmeageny)



Electromagnetic Radiation

Energy prepagated in the form
eff advancing Interaction Between
electric and magnetic fields. All
eleciromagnelc radianen mMoeves at
the speed ofi light.



ELECTROMAGNETIC RADIATION (EMR)

« EMR has two components viz. “Electric Field” and “Magnetic
Field”

« The two components are mutually perpendicular to each other

« Electromagnetic radiation (EMR) transmits energy

BB Magnetic field
¥ Electric field




Evolvement of Remote Sensing

¢ 1903 - The Bavarian
Pigeon Corps Uses
pigeons to transmit
messages and take
aerial photos.



http://www.geog.ucsb.edu/~jeff/115a/history/pigeonremotesensing.html
http://www.geog.ucsb.edu/~jeff/115a/history/pigeon_stuft_camera.jpg
http://www.geog.ucsb.edu/~jeff/115a/history/pigeon_stuft_camera.jpg
http://www.geog.ucsb.edu/~jeff/115a/history/pigeon_wingtips.jpg
http://www.geog.ucsb.edu/~jeff/115a/history/pigeon_wingtips.jpg

1914 - WWI provided a boost in the use of aerial

photography, but after the war, enthusiasm waned



http://www.geog.ucsb.edu/~jeff/115a/history/ww1.html

Evolvement of Remote Sensing

1934 - Photogrammetric Engineering; first
published. American Society: of
Phetogrammetry: fotlnded and renamed
Photogrammetric Engineering and.
Remote Sensing. lhe SeCcIety Was adaii
FEnamed, andiissnews herAmerican
Soclety orPhotogrammetry and.
Remotersensing’




Evolvement of Remote Sensing

1946 - First space photographs from
\/-2 rockets.

1954 - U-2 takes first flight.

—



http://www.geog.ucsb.edu/~jeff/115a/history/u2history.html
http://www.geog.ucsb.edu/~jeff/115a/history/u2tr1bucsb.jpg
http://www.geog.ucsb.edu/~jeff/115a/history/u2tr1bucsb.jpg

Evolvement of Remote Sensing

1957 - Russia
launches Sputnik=
1, this was
UNEXPECLEA ¢
encouraged US
JoOVEFMMERNL to
Maker space
eExploration a
PRIGKIEY-

e



http://www.geog.ucsb.edu/~jeff/115a/history/sputnik.html

Evolvement of Remote Sensing

¢ 1972 - Launch of ERTS-1 (the first Earth
Resources Technology Satellite ,later renamed
Landsat 1).

¢ 1972 - Photography from Skylab, America's first
Space station, was used to produce land use
Maps.

1975 -llanadsat 2, GOES

1977 - VMeteosat-1 the first in a longl Series; of
European weather satellites

19y 8F " [LandSat s

1978 -"Seasat, the first cvilF Synthetic Aperture
Radar (SARYsatellite.

L R

L IR


http://www.geog.ucsb.edu/~jeff/115a/history/landsat1.html

Active Remote Sensing

Remote sensing method that provide
thelr own seUrce of electromagnetic
radiation te lliuminate the terrain.
RadarISiene example.



Passive Remote Sensing

Remote sensing of energy
naturally. reflected / radiated from the
lerain.




ACTIVE & PASSIVE REMOTE SENSING
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.\ THE WI8SION PROFILE

\  ORBITAL CORRECTION
e e

~ PAYLOAD
OPERATION

HREE AXIS CONTROL




LATITUDE

ORBITS OF IRS 1C/1D

 GROUND TRACE AND VISIBILITIES

LONGITUDE



Orbits of Satellites




Scene Centre for
LISS- 118y

Scene Centre for
' LISS-1

e

Scene Centre for
LISS-1IB2

Scene Centre for
LISS~11A2
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ELECTROMAGNETIC SPECTRUM

410 nm




ELCTROMAGNETIC SPECTRUM

The set of all electromagnetic waves is called the electromagnetic
spectrum, which includes the range from the long radio waves, through
the microwave and infrared wavelengths to visible light waves and
beyond to the ultraviolet and to the short-wave X and gamma rays
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Visible : 0.4 —-0.7 pm
Near Infrared (NIR) : 0.7—-1.5pum
Short-wave Infrared (SWIR) : 1.5-3.0 um
Mid-wave Infrared (MWIR) : 3.0-8.0 um
Thermal Infrared (TIR) : 8.0 —15.0 pym

Far Infrared (FIR) : Beyond 15.0 um



INTERACTION WITH EARTH’S SURFACE

« Electromagnetic radiation reaching the earth’s surface
from the sun is reflected, transmitted or absorbed.

 Reflected energy travels upwards and interacts with the
atmosphere

« The part of reflected radiation which enters the field of
view of the sensor is detected and converted into a
numerical value that is transmitted to a ground receiving
station on earth.



INTERACTION WITH EARTH’S ATMOSPHERE

The interaction is usually described in terms of two processes:
1. Scattering: deflects the radiation from its path

2. Absorption: converts the energy present in electromagnetic

radiation into the internal energy of the absorbing molecule

= “poth Scattering and Absorption vary in their effect from one

part of the spectrum to the other”



INTERACTION WITH EARTH’S ATMOSPHERE

1. Rayleigh Scattering:
Very small particles and molecules, with radii far less than the
wavelength of the electromagnetic radiation of interest, are
responsible for Rayleigh scattering

2. Mie Scattering:
Mie scattering is caused by the particles that have radii
between 0.1 and 10um i.e. approximately the same magnitude
as the wavelengths of EM radiation in the visible, near infrared
and thermal infrared regions of the spectrum.

3. Non-Selective Scattering:
Non-selective scattering is wavelength independent. Produced
by particles whose radii exceed 10 um e.g. water droplets in
clouds
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v—— Black body at 5900K

Solar spectral irradiance curve at sea level
under the assumption with no atmospheric
absorption
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Remote Sensing Instrumentation
General concept
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Colour Composite

Blue Green Red




Multispectral Images




REMOTE SENSING

Earth Observation (EO) by Remote Sensing is the interpretation
and understanding of measurements of EM radiations emitted by

the objects on earth’s surface
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Remote sensing basic processes

¢ Data acquisition (energy propagdation,
latforms)

¢ Processing (conversion of energy
Dattern to images)

¢ Analysis (quantitative and gualitative
analysis)

¢ Accuracy assessment (radiometric and
geometric correction)

¢ Information distribution torusers (hara
copy, CCI, CD-ROM, X-BYIIE)




Remote Sensing

Four Fundamental Properties For Design
* Image depends on the wavelength response of the sensing
instrument (radiometric and spectral resolution) and the
emission or reflection spectra  of the target (the signal).

- Radiometric resolution

- Spectral resolution

* Image depends on the size of objects (spatial resolution) that
can be discerned

- Spatial resolution

e Knowledge of the changes in the target depends on how
often (temporal resolution) the target is observed

- Temporal resolution
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Spatial Resolution

320 x 320
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40 x 40 m
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10X 10m

80x80m

Remote Sensing & GIS Applications

[Directorate

20x20m

Spatial Resolution
enlarged view

iusumlqncous
field of view

110 20

Source: Jensen (2000)

Spatial Resolution

High vs. Low?



Different Resolutions

o T

INSAT-2E, 1 km Resolution  IRS 1C WIFS, 188 m Resolution

e 7 e



Different Resolutions....

\LES
ONAL SURVEYS




Different Resolutions....




Spectral resolution

Ich

\ndwidth 1 wh
collected.




Spectral Resolution

. Example: Black and
white image

- Single sensing device

- Intensity is sum of

Blue Green Red



Spectral Resolution
Son)

P Y

« Example: Color image B o £

- Color images need .
least three sensing . <
devices, e.g., red, green, SaE
and blue; RGB o A

0.7 um

Blue Green Red



Radiometric resolution

The capabllity of the sensor to
discriminate two targets based on Its
ieflectance/emittance difference; It IS

measured in terms of the smallest
the radiance difference that can e
detected hetween tWwo targets.



Radiometric Resolution

* Number of Shades
or brightness levels
at a given
wavelength

» Smallest change in
intensity level that
can

be detected by the
sensing system

1 bit 2 gray shades



Temporal Resolution

The capability to view the same
target, under similar conditions, at
iegular intervals.



Temporal Resolution

July 2 July 18 August 3
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LISS-III Image 24m




IV Image 6m

LISS
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Picture Element

In a digitized Image, the area on
the ground represented by each
digital number. Commonly kKnown as
pIXEl



Digital Numiber (DN)

Value assigned tora pixel in a
digitaliimage.




Signature

Set of characteristics by which a
material or an ebject may: be
identified on an image o) phetegraph.



Geometric Correction

that corrects spatial distertions in an
IMmage:




Spectral reflectance of different remote sensing objects
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Generalized Reflectance Curves for
Land-use Classification Applications
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Plot: Louis E. Keiner - Coastal Carolina University Data sources: USGS, NASA




REFLECTANCE SPECTRA

¥
Reflectance

WAVELENGHT (_mictometers)




REFLECTANCE SPECTRA - SOILS

1600

wavelength (nm)

2000

2400

Figure 2.14: Reflectance

spectra of surface sam-
les of five mineral soils,
(@) organic dominated,
(0) minimally altered
(c) iron altered, (d) or-
ganic affected and (g) iron
dominated (from [17])




REFLECTANCE SPECTRA - WATER

Figure 2.15: Typical

effects of  chlorophyll
and sediments on water
reflectance:  (a) ocean
water, (b) turbid water,
(c) water with chlorophyll
(from [17])
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MULTI-SPECTRAL DATA

Columns

|

Figure 3.11: Animage file
comprises a number of 45
bands. For each band the 26 |81
Digital Number (DN) val-
ues, corresponding to the > 53| 35|57
measurements, are stored
in a row-column system.

/Single pixel DN-values




COLOUR COMPOSITES




Spatial data resolution problem

trade-off pixel size vs.
Spatial coverage

quantization and data
volume

data merge from, different
SOUKCES

grid displacement in time

Information content of
diffierent resoelutions

FaSter-Vector COonvVersion




Scene Centre for
LISS- 118y

Scene Centre for
' LISS-1

e

Scene Centre for
LISS-1IB2

Scene Centre for
LISS~11A2
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Image processing steps

geometric and radiometric correction
atmospheric correction

subsetting, mosaic, enhancement
geo-coding (map: projection, spheroid, units)

parameter extraction (multivariate statistics,
regression model, physical moedel etc.)

POSt-processing (filtering, grouping, data
reduction)

Raster GIS: focal or global operations

nVvbrid GIS: zonal/region-Dased Operations,
Spatial statiStics



Processing level of remote
sensing data

¢ raw data from the satellite

¢ system corrected, calibrated, geo-coded, terrain
corrected

¢ atmospheric correction for optical data

¢ thematic evaluations (land use, NDVI, rainfall
etc.)

o CD-DVD/ ETP

¢ MOSt commercial data fiormats) are read by,

Software
¢ deneric binary, format BSQ@, BILL, it



Advantages of remote sensing

¢ Provides a regional view (large areas)

¢ Provides repetitive looks at the same
area

¢ Remote sensors "see” over a broader
portion of the spectrum than the human
eye

& SENSOrs can focus In 6N a Very: SPecific

Dandwidthiin an image or a nUMmBber of

pandwidths simultaneously

¢ Provides geo-referenced, digital, data

& SOME FEMOote SENSers operate inkall
SEasens), at nNight, andiin bad Weather




Scope of Remote Sensing Applications
Inventory and monitQ# “- = "" -

Theme: Resources

( natural /manmagy ).
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GULF OF KACHCHH

ARABIAN SEA

GUJARAT AS VIEWED BY IRS - P6 AWiFS
ON 07 MARCH, 2007



River basin - Shetrunji
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Remote sensing applications

Land-use mapping

Forest and Agriculture applications
Environmental Applications

Hydrology and Coastal Mapping

Ocean Applications

+ Urban planning

¢ Emergencies and Hazards

¢ lelecommunication — Gas pipelines planning
¢ Global change and Meteoroelogy,

.’ ..

® & 6 o6 o



Remote Sensing Organizations

¢ ISPRS- 1nternational Society for Photogrammetry.
and Remote Sensing

& I|GARSS- 1nternational Geosciences And Remote
Sensing Symposium

¢ NASA -National Aeronautic and Space Administration
(USA)

¢ ESA- European Space Agency (Europe)

¢ NASDA- National Space Development Agency,
(Japan)

¢ CINES-= Centre Nationall diEtudes Spatiales (France )
¢ DARA- German Space Agency.
¢ CSA - Canadian Space AJENCY.

¢ NRSC- Nationall Remote Sensingreentre (tindia)
* ..



Data providers

o USSEREOS Pzjtz) Carlisr, WWW, aras, Lsc)s, oy
¢ Canada-RADARSAT Int., Wi sl ca

L Pranca=SPOT WwWW,sootirnace, corr

o ESA/ESFIN, www,asrin,esa.,it

o EURIMAGE, www.eurirnage,corr

L, Spacalmadgling, Www.geoeye,corr

o Indiz, NESC, www.nrsc.gov.in

¢ ...




Remote sensing literature -Books

¢ Askne, J. (1995). Sensors and Environmental
applications of remote sensing, Balkema,
Rotterdam, NL

¢ Campbell, J. B. , 1996. Introduction to
Remote Sensing. 29 ed., Taylor and Francis,
london

¢ Dengre, J. (1994). Thematic Mapping from
satellite imagery: Guide book, Elsevier Itd,
Boulevard

¢ Lillesand, 1. M. and R. W. Kiefer, 2000. Remote

Sensing and Image Interpretation. 4% ed.,
John Wiley: and Sons, Inc. New: York

¢ Simonette, D. S. (ed) (1983) Manual of;
remote sensing, the Sheridan Press, Falls
chtren






