GEQGHEEEOL04093
Remote Sensingfahtherkznviieniment

R e concepts'
| ntroductory I nformati on
El ectromagneti c radiati on

Pl atforms f or Remote Sensi |

o To Io o o

Aeri al & Space Photography
A Il maging Systems, Passive S

A I maging Systems, Active Seil



List of lkeycconeppts

\re /pes ‘.‘ ‘emote :{..».,,
e tive V§ pasétl'\\/e’r\em e
x Polarization i
Frequency, wavelength e "v'"""f;M e o
Different regions of the Electromagnetic Spectrum (UV, visible, Infrared mlcrowav-
Emissivity, blackbody, and gray body
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Relationship between peak wavelength and temperatdreS(A Pispiacement Law)
Interactions of EMR with matter
Albedq reflection, emission, transmission, scatterisgeculay diffuse
Extinction and attenuation
Atmospheric window and absorption bands
Spectral signatures
Types of scattering (Mie, Rayleigh, Ns#lective), their similarities and differences, the
associated relationships between particles and wavelengths
x Types of orbits (geostationary, geosynchronous,-sgmchronousmolniya), their relative

velocities, and their approximate altitudes

x Focal plane, focal length
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Additive colors (primary, complementary, and ho hey mix

Four Different types of resolution and the things that control them i, P
Different characteristics of remote sensing in the different parts of the spectrum
spatial resolution, ability to penetrate the atmosphere, ability to penetrate a surface
Types of scanning (whiskbroopyshbroom conical), and different characteristics of eac
Characteristics of passive microwave

Basic concept of Synthetic Aperture Radar (SAR) and how it achieves high resolutior
What controls the amount of backscattered radar energy

Slantrange distortion, layover, foreshortening, shadowing

Sensors and satellites that work in different parts of the spectrum [@dsaf{TM,ETM+,
MSS), AVHRR, SSM/I, GOES, RE8Rrsat

Spatial, temporal, spectral and radiometric resolution of different sensors (including
commercial satellites)

Basic idea ofcatterometry

Why we use multiple channels or multiple viewing angles to determine surface
temperature

Various applications of different sensor channels (i.e. what part of the spectrum we us
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for what applications, and what instruments operate in these regions)?



Short definition of Remote Sensing
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- ARe i ."- sensing is the
iInformation about an object or system
without coming into direct phyS|caI contact
with It

A That information is nearly always carried by
electromagnetic radiation (EMR)



Why do we do remote sensifg

AAut omat ed

AUseful for extreme cond
AOffers excellent spatia
AExtends our senses
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ANo fiPolitical o Boundary

AOften cost effective



- Remote Sensing Systems

A Passive sensar uses naturally emitted radiation from the sun
or the object being observed

A Imaging sensocONB I 1 S& | @& LA Ol dzNB €
array of detectors while the array moves through space

A Non-imaging sensors measures along a transect or at a point.



Electromagnetic radiation
and Iits Interaction with matter



The Electromagnetic Spectrum
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The lower graphs shows the atmospheric transmission of the EMR versus
wavelength (logscale) e
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Electromagnetic Wave Properties

Frequencies and wavelengths
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Electric field

Transmission
direction

| = distance of separation between two wave peaks
n = number of wave peaks passing in a given time
c = speed of light



Properties of Electromagnetic Radiation
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A The orlentatloh of the electric fielt
IS Important in dlscussmg the operatlon of re
system

Vertical Polarization (V):
electric vector is perpendicular to the plane of inciden

Horizontal polarization (H):
electric vector is parallel to the plane of incidence

A Radiation from the Sun impolarized(at random)'
A Man made sources (laser, radar) have polarized radiation



Basic Laws
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* Heat energy transformed into radiant energy B s

L) = (2;;2)( ech/yjc'r_l )

Stefan-Bolzmann law (TIR)

A The total emitted energy over the whole spectrum is proportional the
physical temperature

M= sT4 Blackbody

M= e §4 Graybody



Basic Laws
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~ -Does not exist in nature
- Emissivity would equal one
Graybody
- Object that reflects part of the incident radiation
- Emissivity is smaller than one

Emissivity
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A Is wavelength dependent

A Is equal to graybodyemittance)/(blackbodyemittance
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Basic Laws
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the wavelength of pealkemittance
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Blackbody radiation curve atthe
Earth's temperature
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EMR Interaction With Matter

(£) through it,reflected @) from the surface or ‘babs orbed

(2).

Transmissivity + Reflectivity + Absorptivity = 1

A For solar radiationa is referred to as the surfacgbedo

A If we consider only part of the EM spectruanis referred to
as thespectral albedo

A Albedois the percent of incident solar energy that is reflected
from a surface



EMR Interaction With Matte il g
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" . Change of EMR is given by index of refraction n=- edum

~  Reflection
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Reflection (specular reflection) vm:az

« Surface is smooth relative to wavelengths
« Mirror like surface are called specular reflectors

Scattering
Scattering (diffuse reflection)
. Surface rough relative to wavelengths
. EMR velocity and wavelength are not affected
Absorption Absorption
« Substance is opaque to the incident radiation Emission
« Portion of EMR is converted to heat energy (re-radiated) \ g

. el
Attenuation S ,
The reduction of Intensity of EMR as it passes through a medium. g K
Sometimes called extinction -

(Combination of absorption and scattering)

Emission
R
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Atmospheric Scattering

Decreases with increase in radlatlon wavelength
Rayleigh, Mie, Non selective scattering R

Rayleigh scattering (Molecular scattering)

e Molecules and particles << EM wavelength
e Primarily by oxygen and nitrogen molecules
* Intensity is proportional to A-4

Example:

UV radiation (0.3 um) is scattered 16 times as readily as red
wavelength at 0.6 um

= (Red/UV)* =(0.6/0.3)* = 16

= Explanation why sky is blue
Scattering intensity of Blue light (0.45)4 =244
Scattering intensity of Green light = (0.50)% = 16.0
Scattering intensity of Red light = (0.65)% = 5.6




Atmospheric Scattering
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e Water vapér, smoke particles, s |
e Intensity is proportional between

Clear atmosphere is a medium for both Rayleigh and Mie
scattering - their combined influence is between 1 %" and A

Sunset shorter wavelengths scattered away (blue and green),
leaving only red wavelengths to reach our eyes.

Red Sky at Night

At sunset, solar radiation must traverse a
longer path through the atmosphere.
Viewing a setting sun, the energy
reaching the observer is largely depleted
of blue radiation, leaving mostly red
wavelengths (Rayleigh). Dust and
smoke add additional scattering with
a wavelength dependence that
increases the red-sky effect (Mie)
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Atmospheric Scattering

Watér droplets s =
Independent of wavelengths = A°



Atmospheric Absorption

water vapor, water droplets

A CO, carbon dioxide
A O, oxygen

A O, ozone

A dust



Atmospheric Windows

()q and ()‘

Atmospheric Absorption
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Atmospheric Atmosphere
window closes down
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Platforms for Remote Sensing



Platforms: Alircraft

Range of altitudes from meters to a kllometers
I Speed: @; 300 m/s

I Height determines scale, coverage, and resolution
I Speed determines linear sampling rate

e i Sl




Platforms: Satellites

X

i Increased platform speed
Continuity of missions
I Better data coverage

I Homogeneous data collection

I No political boundary issues

A Disadvantages
I Onboard repairs difficult or impossible
I Sampling constrained by orbital geometry



Types of Orbits

A Geosynchronous
A Sun Synchronous
A Altimetric

A Molniya



Types of Orbits
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- T Orbitis stationary with respecttoa

location on the earth

I Circular orbit around the equator (orbital
inclination = zero)

I The orbital period id equal to the earth
rotation ( for a sidereal day, rotation with—

respect to star) 23 hrs56 min. 4 sec. J
I Orbit altitude 1s35,800km (about36,000 71

km) above the equator



Types of Orbits

" Uses of Geostatlonary orbit T
i Weather Satellite (METEOSAT, GOES MTSAT MSG)
I Telephone and television relay satellite

Constant contact with ground stations

I High temporal resolution

Limited spatial coverage

i Each satellite can only cover about@5%¥™> 2 F G KS S| NI

I Coverage extends only to the mid latitudes, no more than about 65
degree



Types of Orbits
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Geosyncronous
— Orbital period = earth’s rotation = 24 hrs
— Orbital inclination # zero

— Traces a figure-eight on the surface of the
Earth

— Half the time, the orbit is above (below)
where it need to be




Types of Orbits

at the same solar t|me every ey T
A The orbital plane rotates about the
polar axis
A Orbital height about 1000 km
A Orbital inclination is greater than 96

A Landsat SPOT, NOAA, DMSP,
RADARSAT. ERSQ



Types of Orbits
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on the nature of application low
sun angle vs. high sun angle

needs)

A Earth monitoring; global
coverage

A Orbital altitude typically
between600and 1000km ¢
good spatial resolution




