GHEQGEEEOL093

Remoie Sensingfofitherknvirenment

hdziif AYS 2F GO2RFe0a ¢
AReview

Almaging System#®assive Sensors

AWhiskbroom vsPushbroom

AMulti-spectral remote sensindgzandsai(MSS, TM, and ETM+]



Processes In color formation
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LandsatliM and Color-Compaosites
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digital image represents a narrow

Resolution Four types of resolutions in remote sensing:

(1) spatial the smallest angular or linear separation between two
objects that can be resolved by the sensor (IFOV).

(2) Temporal the repeat frequency of information gathered at a
specific point.

(3) spectrat the number and dimension of specific wavelength
Intervals in the EM spectrum to which the instrument is sensitive.

(4) Radiometric sensitivity of the sensor to different signal strengths.



Imaging Systems
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dimensional image of the surface .

There are two main modes or methods of scanning employed to aéqhi'fé’
multispectral image data - across -track scanning , and along -track
scanning




Imaging Systems: Whiskbroom Scanners

the Earth in a series of Ilnes The' -

lines are oriented perpendicular
to the direction of motion of the
sensor platform (i.e. across the
swath) . Each Iline is scanned
from one side of the sensor to
the other, using a rotating

mirror



Imaging Systems: Whiskbroom Scanners

mirror, measured In degrees, used to record a lir €, T > SR
determines the width of the imaged swath (F) : N

A Because the distance from the sensor to the target increases towards
the edges of the swath, the ground resolution cells also become larger
and introduce geometric distortions to the images.

CCRS /CCT



WhiskbroomScanners Dwell Time

A The amount of time = SCANTETTECRG
photons from a ground resolution ceII

(scan time per line)/(#cells per line)
depends on:

I satellite speed

I width of scan line

I time per scan line

I time per pixel




Dwell Time Example: Landsat TM

=N

(crosstrack line width / crosdrack pixel Siz'e) T

dwell time =

[(30m / 7500m/s)/(185000m / 30m)]
=6.5x 10" seconds/pixel

This Is a very short time per pixel



Imaging Systems: Pushbroom Scanners

linear array of detecto > (A) 10C
at the focal plane of the image (B)
formed by lens systems (C), which

are "pushed" along in the flight

track direction (i.e. along track).

A Each individual detector measures
the energy for a single ground
resolution cell (D) and thus the size
and IFOV of the detectors
determines the spatial resolution of
the system.




Imaging Systems: Pushbroom Scanners
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schematic diagram of data acquisition by pushbroom scanner



Dwell Time Example: Pushbroom Scanner

 (down track pixel size / or

(crosstrack line width / crosdrack pixel size)

A denominator =1.0
A dwell time is longer than that of whiskbroom

A but different response sensitivities in each detector can cause
striping in the image



Whiskbroom vs. Pushbroom
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C Complex mechanical systemC Simple mechanical system

C Simple optical system C Complex optical system

C Filters and sensors C Dispersion grating and CCDs
C Shorter dwell time C Longer dwell time

C Pixel distortion C Less pixel distortion



Whiskbroom vs. Pushbroom

A Landsat Thematic Mapper (TM) Visible (HRV) . SP@and5 (HRVIR)

A Landsat7 Enhancement Thematic and Vegetation sensors

Mapper ETM) A Indian Remote Sensing System (IRS

A NOAA Advance Very High Resolution A Terra Advance Spacebone Thermal
Radiometer (AVHRR) Emission and Reflection Radiometel

A Geostationary Operational (ASTER)

Environmental Satellite (GOES) A Terra Multiangle Imaging
Spectroradiometer (MISR)

A IKONOS , QuickBird



Selected Remote Sensing System and Their characteri

Resolution
Spectral
Middle-
Near- infrared Thermal Micro- Spatial Temporal
Remote Sensing Systems Blue Green Red infrared (SWIR) infrared wave (m) (days) <
Satellite Sensors
NOAA-9 AVHRR LAC 1 1 1100  14.5/day
NOAA-K,L,M 1 1 2 2 1100  14.5/day
l.andsat Multispectral Scanner (MSS) 1 1 2 79 16-18
Landsat 4 and 5 Thematic Mappers (TM) 1 1 1 1 1 30 and 120 16
l.andsat 7 Enhanced TM (ETM*) — Multispectral 1 1 1 1 2 1 30 and 60 16
— Panchromatic 0.52 ———— 0.9 pm 15 16
SPOT 4 HRV — Multispectral ; 1 1 1 20 Pointable
— Panchromatic 0.51 ———0.73 pm 10 Pointable
GOES Series (East and West) 0.52 ——0.72 pm 4 700 0.5/hr
Space Imaging IKONOS — Multispectral 1 1 1 1 4 Pointable
— Panchromatic 0.45 0.9 pm 1
Digital Globe QuickBird — Multispectral 1 1 1 1 2.44 Pointable

— Panchromatic 0.45 0.9 pm 0.61




Multi-spectral remote sensing: Landsat
(MSS, TM, and ETM+)

A Inclination99° and 98.2° o B
A 919km altitude (landsatl, 2, 3), 705km for the others :
A Orbits the earth every03minutes (landsat, 2, 3)

A Cross latitude at approximately the same local time (equator
9:30to 10:00 am)
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Multi-spectral remote sensing: Landsat (MSS, TM, and ETM+)

\y !‘.a Landsat 2:
“ﬂ@ 1975—1982

x ".‘.h Landsat 1:
i 19721978

Landsatl: 1972 1978
Landsat?2: 1975 1982
Landsat3: 1978 1983
Landsat4: 1982 2001

Landsat 5: 1984—

Landsat 3: 1978—1983
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Landsat-1to 3 Landsat-4 and 5 Landsat-6 and 7.



A Imaged entire ground scene instantaneously
A Improved cartographic fidelity
A Only flew on Landsatk3

Multispectral Scanner (MSS) systems
I Thematic Mapper (TM)

Enhanced Thematic Mapper (ETM)
Enhanced Thematic Mapper Plus (ETM+)



2875 km at
the equator

Orbit 16, day 2
Orbit 2, day 1

Orbit 15, day 2 ©
/ Orbit 1, day 1
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e L7 Stations
LS Stations

e LS & L7 Stations /

e Campaign Stations

http://landsat.usgs.gov/about_ground_stations.php
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Multi-spectral Scanner (MSS)

Quantization levels 6 bit (values fronﬂto 63) in19

8 bit (values fronD to 255) in 198(!2 a

Earth coverage 18 dayslLandsatl,2,3
16 daysLandsa#,5

Altitude 919km

Swath width 185km

Inclination 99A



Multi-spectral Scanner (MSS)
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6 detectors per
band {24 total)
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MSS Scanning Geometry




