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BASIC OF REMOTE SENSING



ELEMENTS OF REMOTE SENSING

* ENERGY SOURCE

* THE ATMOSPHERE

* THE OBJECTS ON THE EARTH'S SURFACE
* PLATFORMS

* SENSOR SYSTEMS

* RECORDING SYSTEMS




Remotely Sensed Data ???

Stage-4.
Stage-5
Stage-6.
Stage-7.




What is a satellite image ?

Source of energy

Atmosphere

Ground
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ELECTRO MAGNETIC RADIATION

A wave has a frough
(lowest point) and a crest
(highest point). The
vertical distance
between the tip of a
crest and the wave's
cenfral axis is known as its
amplitude. This is the
property associated with
the brightness, or
intensity, of the wave. The
horizontal distance
between two
consecutive troughs or
crests is known as the
wavelength of the wave
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ELECTRO MAGNETIC SPECTRUM
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RADIO WAVES

RADIO WAVES ARE AT THE LOWEST RANGE OF THE EM SPECTRUM, WITH FREQUENCIES OF UP TO ABOUT 30 BILLION
HERTZ, OR 30 GIGAHERTZ (GHZz), AND WAVELENGTHS GREATER THAN ABOUT 10 MILLIMETERS (0.4 INCHES). RADIO
IS USED PRIMARILY FOR COMMUNICATIONS INCLUDING VOICE, DATA AND ENTERTAINMENT MEDIA.

MICROWAVES

MICROWAVES FALL IN THE RANGE OF THE EM SPECTRUM BETWEEN RADIO AND IR. THEY HAVE FREQUENCIES FROM
ABOUT 3 GHz UP TO ABOUT 30 TRILLION HERTZ, OR 30 TERAHERTZ (THZ), AND WAVELENGTHS OF ABOUT 10 MM
(0.4 INCHES) TO 100 MICROMETERS (MM), OR 0.004 INCHES. MICROWAVES ARE USED FOR HIGH-BANDWIDTH
COMMUNICATIONS, RADAR AND AS A HEAT SOURCE FOR MICROWAVE OVENS AND INDUSTRIAL APPLICATIONS.

INFRARED

INFRARED IS IN THE RANGE OF THE EM SPECTRUM BETWEEN MICROWAVES AND VISIBLE LIGHT. IR HAS FREQUENCIES
FROM ABOUT 30 THz UP TO ABOUT 400 THZ AND WAVELENGTHS OF ABOUT 100 MM (0.004 INCHES) TO 740
NANOMETERS (NM), OR 0.00003 INCHES. IR LIGHT IS INVISIBLE TO HUMAN EYES, BUT WE CAN FEEL IT AS HEAT IF THE
INTENSITY IS SUFFICIENT.

VISIBLE LIGHT

VISIBLE LIGHT IS FOUND IN THE MIDDLE OF THE EM SPECTRUM, BETWEEN IR AND UV. IT HAS FREQUENCIES OF ABOUT
400 THz 10 800 THZ AND WAVELENGTHS OF ABOUT 740 NM {0.00003 INCHES) TO 380 NM (.000015 INCHES).
MORE GENERALLY, VISIBLE LIGHT IS DEFINED AS THE WAVELENGTHS THAT ARE VISIBLE TO MOST HUMAN EYES.

ULTRAVIOLET

ULTRAVIOLET LIGHT IS IN THE RANGE OF THE EM SPECTRUM BETWEEN VISIBLE LIGHT AND X-RAYS. IT HAS
FREQUENCIES OF ABOUT 8 x 104 70 3 x 10'6 HZ AND WAVELENGTHS OF ABOUT 380 NM (.000015 INCHES) TO
ABOUT 10 NM (0.0000004 INCHES). UV LIGHT IS A COMPONENT OF SUNLIGHT; HOWEVER, IT IS INVISIBLE TO THE
HUMAN EYE. IT HAS NUMEROUS MEDICAL AND INDUSTRIAL APPLICATIONS, BUT IT CAN DAMAGE LIVING TISSUE.



X-RAYS

X-RAYS ARE ROUGHLY CLASSIFIED INTO TWO TYPES: SOFT X-RAYS AND HARD X-RAYS. SOFT X-RAYS
COMPRISE THE RANGE OF THE EM SPECTRUM BETWEEN UV AND GAMMA RAYS. SOFT X-RAYS HAVE
FREQUENCIES OF ABOUT 3 x 10" 1O ABOUT 108 HZ AND WAVELENGTHS OF ABOUT 10 NM (4 x
1077 INCHES) TO ABOUT 100 PICOMETERS (PM), OR 4 x 1078 INCHES. HARD X-RAYS OCCUPY THE
SAME REGION OF THE EM SPECTRUM AS GAMMA RAYS. THE ONLY DIFFERENCE BETWEEN THEM IS
THEIR SOURCE: X-RAYS ARE PRODUCED BY ACCELERATING ELECTRONS, WHILE GAMMA RAYS ARE
PRODUCED BY ATOMIC NUCLEI.

GAMMA-RAYS

GAMMA-RAYS ARE IN THE RANGE OF THE SPECTRUM ABOVE SOFT X-RAYS. GAMMA-RAYS HAVE
FREQUENCIES GREATER THAN ABOUT 10'8 HZ AND WAVELENGTHS OF LESS THAN 100 PM (4 X

1077 INCHES). GAMMA RADIATION CAUSES DAMAGE TO LIVING TISSUE, WHICH MAKES IT USEFUL FOR
KILLING CANCER CELLS WHEN APPLIED IN CAREFULLY MEASURED DOSES TO SMALL REGIONS.
UNCONTROLLED EXPOSURE, THOUGH, IS EXTREMELY DANGEROUS TO HUMANS.



REGIONS OF ELECTROMAGNETIC

SPECTRUM

U i - IR IR

T




ELECTROMAGNETIC SPECTRUM
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The Electromagnetic Spectrum

1 nm




VISIBLE : 0.4-0.8 ym

Solar Reflection - Surface characteristics

INFRARED : 0.8 - 14 ym

0.8 - 1.3 um: Near Infra Red (NIR) Solar Reflection
1.3 - 3 ym: Moyen Infra Rouge (MIR) Réflection and

Emission (little)

3-5umet8-14 um: Thermal Infra Red (IRT): Emission
5-8 uym: Atmospheric Absorption

Surface and Volume scattering

MICROWA‘]&: 3 mm -30 cm (100 - 1 GHz)




REMOTE SENSING

ENERGY INTERACTIONS WITH
EARTH SYSTEMS
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INTERACTIONS WITH THE ATMOSPHERE

DATA ACOUISITION =" [ATA ANALYSIS
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INTERACTIONS WITH THE
ATMOSPHERE

* SCATTERING
* REFRACTION
* ABSORPTION



SCATTERING



RAYLEIGH SCATTERING

* |T OCCURS WHEN ATMOSPHERIC PARTICLES" DIAMETERS
ARE MUCH SMALLER THAN THE WAVELENGTH OF THE
RADIATION D<<)

® |TIS COMMON HIGH IN THE ATMOSPHERE

* RADIATION WITH SHORTER WAVELENGTH N EASIER TO BE
NOVNEISNED Vbl

®* BLACK VS. BLUE VS. RED SKIES

http://www-phys.linl.gov/Research/scattering/RTAB.html




MIE SCATTERING

®* PARTICLES' DIAMETERS ARE EQUIVALENT TO THE
WAVELENGTH D = A

®* |T1S COMMON IN LOWER ATMOSPHERE

® |TIS WAVELENGTH DEPENDENT




NONSELECTIVE SCATTERING

®* PARTICLES ARE MUCH LARGER THAN THE
WAVELENGTH

D>>)\
®* ALL WAVELENGTH ARE SCATTERED EQUALLY

EFFECTS OF SCATTERING
® IT CAUSES HAZE IN REMOTELY SENSED IMAGES

® IT DECREASES THE SPATIAL DETAIL ON THE IMAGES
® IT ALSO DECREASES THE CONTRAST OF THE IMAGES




Types of Atmospheric Scatter in order of importance (Curran. 1988)

Ny
selective

latmospheric
particles

Smaller than the
[wavelength of
radiation.

[Same size as
lthe wavelength
lof radiation.
lLarger than the
lwavelength of
radiation,

Type of

effective

atmospheric
particles

Gas molecules.

Spherical
particles,
fumes and dust
Water droplets
and dust

Scatter of
particles

Molecule absorbs
high energy
radiation and
re-emits. skylight
scatter is inversely
proportional to
fourth power

of wave length
Physical scattering|
under overcast
skies.

Physical scattering
by fog and clouds.

Photon has elastic
collision with
molecule resulting
in a loss or a gain
in energy; this can
decrease or
increase

wave length.

Effect of scatter|

Affects short
visible wave
lengths, resulting
in haze in
photagraphy,
and blue skies.

Affects all visible
wave lengths

After all visible
‘wave lengths
equally, resulting
white fog and
clouds

Variable




REFRACTION

®* THE BENDING OF LIGHT RAYS AT THE CONTACT
BETWEEN TWO MEDIA THAT TRANSMIT LIGHT BUT
WITH DIFFERENT DENSITY; WHEN LIGHT ENTERS THE
DENSER MEDIUM, IT IS DEFRACTED TOWARD

SURFACE NORMAL




ABSORPTION

®* THE ATMOSPHERE PREVENTS, OR STRONGLY ATTENUATES,
TRANSMISSION OF RADIATION THROUGH THE ATMOSPHERE

® THREE GASES:
- OZONE (O3): ABSORBS ULTRAVIOLET RADIATION HIGH IN

ATMOSPHERE
- CARBON-DIOXIDE (CO,): ABSORBS MID AND FAR

INFRARED (13-17.5MICROM) IN LOWER ATMOSPHERE
- WATER VAPOR (H,O): ABSORBS MID-FAR INFRARED

(5.5-7.0, >27/MICROM) IN LOWER ATMOSPHERE




ABSORPTION
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ATMOSPHERIC WINDOWS

ransmittance

LA AL
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http://www.crisp.nus.edu.sg/~research/tutorial/atmoseff.hntm#windows



ATMOSPHERIC WINDOWS

.— Sun’s energy (at 6000 K)

Earth’s energy (at 300 K)

0.3 um 1 pm 100 um
Wavelength —
(a) Energy sources

Wavelength —
(b) Atmospheric transmittance

—] — Human eye

Photography Thermal scanners
!
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Multispectral scanners Radar and passive microwave
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Wavelength —
(c) Common remote sensing systems




ATMOSPHERIC WINDOWS

®* THE WINDOWS:
UV & VISIBLE: 0.30-0.75uM
NEAR INFRARED: 0.77-0.91uM
MID INFRARED: 1.556-1.75uM, 2.05-2.4uMm
FAR INFRARED: 3.50-4.10uM, 8.00- 92.20uM,

10.2-12.4uM
MICROWAVE: /.50-11.5MM, 20.0+MM

® THE ATMOSPHERIC WINDOWS ARE IMPORTANT FOR RS
SENSOR DESIGN




INTERACTION WITH FEATURES

Reflection, absorption, and transmission
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INTERACTIONS WITH SURFACE

* ALL EM ENERGY REACHES EARTH'S SURFACE
MUST BE REFLECTED, ABSORBED, OR TRANSMITTED

THE PROPORTI OF EACH ENDS ON:
TY FEATURES, VELENGTH, GLE OF

ILLLIMINATION SO

~
~

.
N

Reflection Absorption Transmission -




REFLECTION

* LIGHT RAY IS REDIRECTED AS IT STRIKES A
NONTRANSPARENT SURFACE

* SPECTRAL REFLECTANCE p, =E,(1)/E,()

N
" | ."I

ideal specular reflector




REFLECTION

® SPECULAR REFLECTION

WHEN SURFACE IS SMOOTH RELATIVE TO THE
WAVELENGTH, INCIDENT RADIATION IS REFLECTED IN A
SINGLE DIRECTION

® INCIDENCE ANGLE = REFLECTION ANGLE

® DIFFUSE (ISOTROPIC) REFLECTION

®* WHEN SURFACE IS ROUGH RELATIVE TO THE WAVELENGTH,
ENERGY IS SCATTERED EQUALLY IN ALL DIRECTIONS

* | AMBERTIAN SURFACE




TRANSMISSION

®* RADIATION PASSES THROUGH A SUBSTANCE
WITHOUT SIGNIFICANT ATTENUATION

* TRANSMITTANCE (T):
TRANSMITTED RADIATION

INCIDENT RADIATION




ABSORPTION

REFLECTION + TRANSMISSION + ABSORPTION =
100%




EMISSION

Satellite w'}‘m\? %

Emitted
Thermal Radiation
Atmosphere
| —
Bare Soil Paved Built-up A
Forest e Grass Road uilt-up Area

http://www.crisp.nus.edu.sg/~research/tutorial/infrared.htm




SPECTRAL CHARACTERISTICS
OF FEATURES

Incident
Solar Radiation __—

Reflected
Solar Radiation

Paved Built-up Area
Road

http://www.crisp.nus.edu.sg/~research/tutorial/infrared.htm




SPECTRAL REFLECTANCE CURVE

——-—-— Dry bare soil (Gray-brown)
Vegetation (Green)
——————— Water (Clear)
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Figure 1.10 Typical spectral reflectance curves for vegetation, soil, and water.
(Adapted from Swain and Davis, 1978.)




VEGETATION

* CHLOROPHYLL ABSORBS BLUE AND RED, REFLECTS
GREEN

® VEGETATION HAS A HIGH REFLECTION AND
TRANSMISSION AT NIR WAVELENGTH RANGE

® REFLECTION OR ABSORPTION AT MIR RANGE, THE
WATER ABSORPTION BANDS

From http://rst.gsfc.nasa.gov/Intro/nicktutor_I-3.html




VEGETATION

THE PALISADE CELLS ABSORB BLUE AND RED LIGHT
AND REFLECT GREEN LIGHT AT A PEAK OF 0.54MM

THE SPONGY MESOPHYLL CELLS REFLECT NEAR
INFRARED LIGHT THAT IS RELATED TO VEGETATION
BIOMASS BECAUSE

THE INTERCELLULAR AIR SPACE OF SPONGY MESOPHYLL
LAYER IS WHERE PHOTOSYNTHESIS AND RESPIRATION
OCCUR

VEGETATION MOISTURE CONTENT ABSORBS MID
INFRARED ENERGY

JENSEN, J. R. "BIOPHYSICAL REMOTE SENSING." ANNALS, 73:(1),111-
Rl
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BIOPHYSICAL SENSITIVITY OF
SPECTRUMS ..

Upper epidermis
S

Palisade

Nolelgle)Y;
mesophyll

w— bwer epidermis

http://www.cstars .ucdav is.edu/projects/model ing/



Upper epidermis —=

Palisade parenchyma

Spongy parenchyma

Inter cellular space

Lower epidermis ——e

=S

I Sub-stomatal cavity

Stoma




Diffuse
Transmission reflection




Enerqgy Interactions with Earth
Surface Features
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SOILS

®* SOIL MOISTURE DECREASES REFLECTANCE

®* COARSE SOIL (DRY) HAS RELATIVELY HIGH
REFLECTANCE

® SURFACE ROUGHNESS, ORGANIC MATTER, IRON
OXIDE AFFECT REFLECTANCE




WAITER

e [RANSMISSION AT VISIBLE BANDS AND A STRONG
ABSORPTION AT NIR BANDS

* WATER SURFACE, SUSPENDED MATERIAL, AND
BOTTOM OF WATER BODY CAN AFFECT THE
SPECTRAL RESPONSE




