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Planck's law describes the amount of electromagnetic energy with a certain
wavelength radiated by a black body in thermal equilibrium (i.e. the spectral radiance
of a black body). The law is named after Max Planck, who originally proposed it in
1900.The law was the first to accurately describe black body radiation.

Planck's law describes how much energy objects radiate, and more specifically how
much energy of each frequency is radiated. It quantifies how objects at low
temperatures radiate very little, hot objects glow a dull red and emit a perceptible
amount of heat, and very hot objects (such as the sun) are dazzlingly bright yellow or
blue-white.
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Fig. 1.9. Vegetation spectrum recorded by AVIRIS at 10 nm spectral sampling a, along with
equivalent TM b and MSS ¢ spectra. In a the fine absorption features resulting from at-
mospheric constituents are shown, along with features normally associated with vegetation
spectra.

Optimum Index Factor
Ranks the 20 three-band combinations that can be made from six bands of Landsat
TM data (not including the thermal-infrared band).

wheres; is the standard deviation for band k, and rjis the absolute value of the
correlation coefficient between any two of the three bands being evaluated. The
largest OIF will generally have the most information (as measured by variance) with
the least amount of duplication (as measured by correlation). Applicable to any
multispectral dataset.
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Table 1.3. Suggested maximum scales of photographic products as a function of effective
ground pixel size (based on 0.1 mm printed pixel)

Scale Approx. Pixel Size (m) Sensor (nominal)

1 10,000 I [konos panchromatic

I 50,000 5 aircraft MSS, Tkonos XS

| 100,000 10 Spot HRG

1 250,000 25 Spot HRVIR, Landsat TM
I: 500,000 50 Landsat TM, LISS

I 5,000,000 500 OCTS, OCM

1 210,000,000 1000 NOAA AVHRR, MODIS
1 : 50,000,000 5000 GMS thermal IR band

(Spectral Resolution) b sy @ jud
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Spectral resolution refers to the number of bands and the wavelength width of each band. A band is a
narrow portion of the electromagnetic spectrum. Shorter wavelength widths can be distinguished in higher
spectral resolution images. Multi-spectral imagery can measure several wavelength bands such as visible
green or NIR. Landsat, Quickbird and Spot satellites use multi-spectral sensors. Hyperspectral imagery
measures energy in narrower and more numerous bands than multi-spectral imagery. The narrow bands of
hyperspectral imagery are more sensitive to variations in energy wavelengths and therefore have a greater

potential to detect crop stress than multi-spectral imagery. Multi-spectral and hyperspectral imagery are used
together to provide a more complete picture of crop conditions.
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Radiometric resolution refers to the sensitivity of a remote sensor to variations in the reflectance levels. The
higher the radiometric resolution of a remote sensor, the more sensitive it is to detecting small differences in
reflectance values. Higher radiometric resolution allows a remote sensor to provide a more precise picture of
a specific portion of the electromagnetic spectrum.
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Fig. 1.2. Technical characteristics of digital image data
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Temporal resolution refers to how often a remote sensing platform can provide coverage of an area. Geo-
stationary satellites can provide continuous sensing while normal orbiting satellites can only provide data
each time they pass over an area. Remote sensing taken from cameras mounted on airplanes is often used to
provide data for applications requiring more frequent sensing. Cloud cover can interfere with the data from a

scheduled remotely sensed data system. Remote sensors located in fields or attached to agricultural
equipment can provide the most frequent temporal resolution.
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Figure 6.2. Operation of a photodiode (schematic). The p-type region contains free positive
charges and the n-type region free negative charges, except in the depletion region. An incident
photon creates an extra pair of charge-carriers in the p-type material, and the negative charge
is accelerated by the potential difference } into the n-type material, thus generating a current.
A current in the same direction will be produced if the photon creates an electron-hole pair in
the n-type material, in which case a positive charge-carrier is accelerated into the p-type
material.
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An earlier approach to two-dimensional detection is represented by the
vidicon, which is a type of television camera. Figure 6.3 shows schematically
the design of a simple vidicon, consisting of a lens and shutter, and a sheet of
photoconductive material that is coated, on the side nearer the lens, with a
transparent conductor. The other side of the photoconductive sheet is illumi-
nated by an electron beam that can be deflected electrostatically, in a manner
similar to that used in a cathode-ray oscilloscope, to impinge upon any part of
the sheet.



The mode of operation is as follows. First, with the shutter closed, the
electron beam is used to coat the back of the photoconductive plate with
electrons. The electron beam 1s then switched off, and the shutter 1s opened
and closed, leaving a distribution of charge on the sheet corresponding to the
distribution of light intensity. Finally, the back of the sheet is scanned by the
electron beam, resulting in an electric current (the read-out) from those parls
that were 1lluminated.
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Fig. 1.1. Signal and data flow in a remote sensing system
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Fig. 1.7. Push broom line scanning in the along-track direction
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Fig. 1.8. Use of a square detector array to achieve along-track line scanning and the recoding
of many spectral measurements simultaneously
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Fig. 1.5. a Specular, b diffuse, ¢ corner reflector and d volume scattering behaviour, encoun-
tered in the formation of microwave image data

0 Py s SOl (Sl e sdiorin 4y G Fgliie pglal sla bl gl ol pn S
oSG Lad 35 (6505 o3l (51500l g ST 5 cugh i almlr (B S e ]y (09))5e wlss
3,00 55 3985 ColblB (0,08 9 (s Ails (g, igly) al i Cod ol



FIGURE 1.16
Spaceborne radar
image of
mountains in
southeast Tibet.

{ Courtesy of
NASAL)
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Radar is a good means of imaging farmland, as seen in this low altitude aerial radar mission over
the Maricopa area near Phoenix, AZ. Seasat radar imaged this next scene, in the Great Plains. Some
fields are dark, others light, indicative of the stages of growth (light areas indicate crops that reflect
more of the radar beam to the receiver)

Cugb,

Seasat radar imaged this next scene. Of particular interest are the two dark patches which represent
the effects of soil moisture (reduces returns) following two local thunderstorms passing over the
plains.




Radar imaging geometry

6; = incidence angle
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Fig. 1.10. Principle of side looking radar

Radar resolutions
Radar resolutions are expressed in two directions of range and azimuth.

Range resolution
rg =ct/2sin 6;

where 7 is the length of the transmitted pulse and ¢ 1s the velocity of light.

Azimuth resolution
The azimuth size of a resolution element is related to the length (or aperture) of

the transmitting antenna in the azimuth direction, /. the wavelength 4 and the range
Ry between the aircraft and the target, and is given by

ra = Ro)/l

This expression shows that a 10 m antenna will yield an azimuth resolution of 20 m
at a slant range of | km for radiation with a wavelength of 20 cm. However if the
slant range is increased to say 100 km — i.e. at low spacecraft altitudes — then a
20 m azimuth resolution would require an antenna of 1 km length. which clearly is
impracticable.



Spacecraft

motion.
!
1 Point target
Synthetic
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Fig. 1.11. The concept of synthesizing a large antenna by utilizing spacecraft motion along
its orbital path. Here a view from above is shown, illustrating that a small real antenna is
used to ensure a large real beamwidth in azimuth. As a consequence a point on the ground is
illuminated by the full synthetic aperture
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Figure 6-42. This figure illustrates how the rectangular SAR processing algorithm is implemented.
Three point scatterers are at different range and azimuth positions. The simulation is for an airborne
SAR with negligible range walk.

Figure 6-7 shows dramatically the effect of frequency in the case of scattering from a
forest canopy in the Black Forest in Germany. The images were acquired with the
NASA/JPL AIRSAR system in 1991. The low-frequency P-band (68 cm wavelength) HH
image shows variations in brightness that are correlated with the topography of the terrain
under the trees. The areas that have the higher returns are where the local topography 1s
nearly flat and i1s dominated by radar signals reflected off the ground, followed by a re-
flection off the tree trunks, before returning to the radar. When the ground slopes away
from the radar or toward it, this term decreases rapidly. leading to a reduction in the ob-
served return near the streams (van Zyl, 1993). The L-band (24 cm wavelength) HH im-
age shows little variation in brightness because the penetration length is shorter than that
at P band [see Equation (6-23)]. which means that the scattering is dominated by returns
from the branches in the canopy.
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GOES-W, GOES-E| USA | 75,135

Meteosat | Europe 0

GMS | Japan| 140

INSAT | India| 74

GOMS | Russia

FY-2| China| 105

GOES = Geostationary Operational Environmental Satellite

GMS = Geostationary Meteorological Satellite, or Himawari (suniTower).
INSAT = Indian National Satellite

GOMS = Geostationary Operational Meteorological Satellite

FY = Feng-Yun (wind-cloud)

NOAA = National Oceanic and Atmospheric Administration

DMSP = Defense Meteorological Satellite Program

IRS = Indian Remote Sensing satellites

ADEOS = ADvanced Earth Observation Satellite
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N Older GOES
| Satellite!

Imager Instrument Characteristics (GOES I-M)

Channel number: 1 (Visible) | 2 (Shortwave) 3 (Moisture) 4R 1) 5(R 2)

Wavelength range (um) 0.55-0.75 3.80 - 4.00 6.50-7.00 | 10.20-11.20 11.50 - 12.50

Instantaneous
Geographic Field of 1 km 4 km 8 km 4 km 4 km
View (IGFOV) at nadir
I
Radiometric calibration Space and 290 K infrared internal backbody

Space: 2.2 sec (full disc), 9.2 or 36.6 sec (sector/area)

Calibration frequency Infrared: 30 minutes typical

System absolute IR channels: less than or equal to 1 K
accuracy Visible channel: 5% of maximum scene irradiance
Imaging rate Full earth disc, less than or equal to 26 minutes
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Orbit:

Scan Rate:

Swath Dimensions:
Telescope:

Size:

Weight:

Power:

Data Rate:
Quantization:
Spatial Resolution:
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Aqua ¢ Terra s o,lgalk jo MODIS sucxiuw

705 km,

10:30 a.m. descending node (Terra) or
1:30 p.m. ascending node (Aqua),
sun-synchronous,

near-polar,

circular

20.3 rpm, cross track

2330 km (cross track) by 10 km (along track at nadir)

17.78 cm diam. off-axis, afocal (collimated), with intermediate field stop
1.0x1.6x1.0m

228.7 kg

162.5 W (single orbit average)

10.6 Mbps (peak daytime); 6.1 Mbps (orbital average)

12 bits

250 m (bands 1-2)
500 m (bands 3-7)
1000 m (bands 8-36)

Design Life: 6 years

MODIS sensor

Primary Use Band Bandwidth' Spectral Radiance’ Required SNR’

Land/Cloud/Aerosols |1 620 - 670 21.8 128

Boundaries 2 841-876 24.7 201

Land/Cloud/Aerosols |3 459 - 479 35.3 243

Properties 4 545 - 565 29.0 228
5 1230 - 1250 5.4 74
6 1628 - 1652 7.3 275
7 2105 - 2155 1.0 110

Ocean Color/ 8 405 - 420 449 880



Phytoplankton/

Biogeochemistry

Atmospheric
Water Vapor

Surface/Cloud
Temperature

Atmospheric
Temperature

Cirrus Clouds
Water Vapor

Cloud Properties

Ozone

Surface/Cloud
Temperature

Cloud Top
Altitude

9

10
11
12
13
14
15
16
17
18
19

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

438 - 448
483 -493
526 - 536
546 - 556
662 - 672
673 - 683
743 - 753
862 - 877
890 - 920
931 - 941
915 - 965

3.660 - 3.840
3.929 - 3.989
3.929 - 3.989
4.020 - 4.080
4.433 - 4.498
4.482 - 4.549
1.360 - 1.390
6.535 - 6.895
7.175 - 7.475
8.400 - 8.700
9.580 - 9.880
10.780 - 11.280
11.770 - 12.270
13.185-13.485
13.485 - 13.785
13.785 - 14.085
14.085 - 14.385

419
32.1
279
21.0
9.5
8.7
10.2
6.2
10.0
3.6
15.0

0.45(300K)
2.38(335K)
0.67(300K)
0.79(300K)
0.17(250K)
0.59(275K)
6.00

1.16(240K)
2.18(250K)
9.58(300K)
3.69(250K)
9.55(300K)
8.94(300K)
4.52(260K)
3.76(250K)
3.11(240K)
2.08(220K)

'Bands 1 to 19 are in nm; Bands 20 to 36 are in um
? Spectral Radiance values are (W/m” -um-sr)

’ SNR = Signal-to-noise ratio

* NE(delta)T = Noise-equivalent temperature difference
Note: Performance goal is 30-40% better than required

838
802
754
750
910
1087
586
516
167
57
250

0.05
2.00
0.07
0.07
0.25
0.25
150(SNR)
0.25
0.25
0.05
0.25
0.05
0.05
0.25
0.25
0.25
0.35
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ETM" coiew L Landsat7 glawsl, Sledlbl g TM saixes L Landsats slasily cledlb

: o . : Spectral Range Band
Generalized Application Details | EM Region (in Microns) Number/Sensor
Coastal water mapping,

Differentiation of vegetation from | Visible (Blue) 0.45-0.52 1
soils
Assessment of vegetation vigor Visible (Green) 0.5 - 0.60 )
Chlorophyll absorbtion for | .. .
vegetation differentiation Visible (Red) 0.63-0.69 3
Biomass surveys and delineation Near Infrared 0.76 - 0.90 4
of water bodies
Xzisltiggn and soil moisture ™ ETMut
Differentiation between snow and | Snortwave Infrared |1 1.55 - 1.75 >
cloud
Thermal mapping, soil moisture
studies and plant heat stress | Thermal Infrared 10.40- 12.50 6
measurement
Hydrothermal mapping Shortwave Infrared | 2.08 - 2.35 7
Large area mapping, urban Ciigsi, 18eg, INfee 0.52-0.90 8
change studies iliedich
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Landsat 1-5 Multispectral Scanner (MSS)

http://edc.usgs.gov/products/satellite/mss.html

Landsat 1-5 Thematic Mapper (TM)

http://edc.usgs.gov/products/satellite/tm.html

Landsat 7 Enhanced Thematic Mapper plus (ETM+)

http://edc.usgs.gov/products/satellite/landsat7.html




DN conversion to Radiance (L1 products)

L=G*DN +1I

where L is radiance, DN is pixel digital number, G is gain, and / is the offset.

For any band (1) in TM bands:

L -L_
— max min \ sk
L=( )¥*DN +L
255
where L,,;, 1s radiance corresponding to “zero” DN, and L,,,, 1s radiance
corresponding to “255” DN.

Spectral Radiances, LMIN and LMAX in W/(m®.sr.um)

Band | Spect Loin Linax

1 B -1.52 193.0
G -2.84 365.0
R -1.17 264.0

NIR -1.51 221.0
SWIR1 | -0.37 30.2

TIR 1.2378 | 15.303
SWIR2 | -0.15 16.5

NN RN




Radiance conversion to NDVI (using bands 3 and 4)

LNI — LR
LNIR + LR

NDVI =

Radiance conversion to Temperature (using band 6)
The formula to convert radiance to temperature is:
K 2
K *&
In(—!
where T 1s degree Kelvin IR

L 1s pixel radiance
¢ s emissivity (typically 0.95)

T =

+1)

Landsat TM | Landsat ETM

K, 607.76 666.09
K 1260.56 1282.71
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SPOT o,/sal

SPOT: (Satellite Pour I’Observation de la Terre) French for: "Earth observation
satellite"

,» SPOT4 (1993 JL. ,» SPOT3 1990 JL. ,» SPOT2 (1986 JL. ,o SPOT slo o lsale

51995 JL.
(High Resolution Visible) osziw g0 slyls SPOT o Wby Lad 4 2002 JLo ,o SPOTS
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Visée Visée Visee
obligue verticale cblique
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HRV le soimin Slaseiw
1S oo 5 Mode go ,os HRV ooz —

1) PAN (Panchromatic) Pa: 0.51-0.73um Visible, NIR 10m

B1: 0.50- 0.59 um Green 20m
2) XS (Multispectral)  B2: 0.61- 0.68 um Red 20m
B3: 0.79- 0.89 um NIR 20m

o5l S slao,lgale s SPOT4 5,5 6 g9,0 o ojlsale (ol pgo Jus (1995 Jlu ;o SPOT4 b, b

D10 25 i polezr Wb (55w yo a8 Sglas cpl b ol
B4:1.52-1.75 um SWIR 20m
SPOT lekéﬁ)ls
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Data fusion
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OL Sl S8 g3 ol b S5 le5) SPOT-HRV (PAN)
(ol SKe SSa5 )lgs 9 YU il S5 lg)Landsat-TM

General features

Total mass 1800 kg 2760 kg 3000 kg
CA;S;?;G 1822 km 822 km 822 km
Inclination 08.7° 98.7° 98.7°

Orbital period [101.4 mn 101.4 mn 101.4 mn
Orbital cycle |26 days 26 days 26 days
Dimensions 2x2x5,6 m 3.1x3.1x5.7m
Lifetime 3 years 5 years 5 years
Hydrazine 150 kg 150 kg 150 kg




Telemetry 2048 bps

20 words p

Telecommand
second

1 panchromatic

(10 m)
Spectral
bands )

3 Multispectral

(20 m)
Location 350 m
accuracy

Vegetation sensor
Resolution: 1IKm
Swath width: 2250 Km
Spectral Bands:

IRS-1C/1D
IRS-1C :1995 ,»

IRS-1D :1997 s

PAN sensor

Spectral resolution: B1 0.50-0.75
Spatial resolution: 5.8 m
Radiometric resolution: 6 bits
Temporal resolution: up to 5 days
Swath width: 70 km ... 91 km
Sensor angle: +26 ...-26

Li1ss III sensor

Spectral resolution: B2 0.52-0.59
B3 0.62-0.68
B4 0.77-0.86
B5 1.55-1.70

Radiometric resolution: 7 bits

4096 bps

60 words per second

1 panchromatic
3 Multispectral

4096 bps

60 words per
second

1 panchromatic 5
m (up to 2.5m)
(10 m)
(20 m) 3 Multispectral

1 short-wave infrared (20 m) (10 m)

1 short-wave

infrared (20m)
350 m 50 m

B1 (B) 0.43-0.47 um

B2 (R) 0.61-0.68 um

B3 (NIR) 0.78-0.89 um

B4 (SWIR) 1.58-1.75 um

IRS O)‘}bLo

23.5m
23.5m
23.5m
70.5 m

Swath width: 141 km (148 km for B5)

WiFS sensor (Wide Field Sensor)

Spectral resolution: B1 0.62-0.68

188 m



B2 0.77-0.86 188 m

B5 1.55-1.70 70.5 m
Radiometric resolution: 7 bits
Swath width: 810 km

IRS-P5 (Carto-SAT)

PAN Sensor

Spectral resolution: B1 0.50-0.75
Spatial resolution: 5.8 m

IRS-P6 (Resource-SAT)
2002 ,»

Li1ss III sensor

Spectral resolution: B1 0.52-0.59 23.5m
B2 0.62-0.68 23.5m
B3 0.77-0.86 23.5m
B4 1.55-1.70 23.5m

Radiometric resolution: 7 bits

Swath width: 140 km

AWIFS sensor (Wide Field Sensor)
Spatial resolution: 60-70 m
Spectral resolution: B1 0.52-0.59

B2 0.62-0.68

B3 0.77-0.86

B4 1.55-1.70
Radiometric resolution: 7 bits
Swath width: 700 km

Liss IV sensor

PAN Mode
Spatial resolution: 5.8 m
Spectral resolution: B1 0.62-0.68
Radiometric resolution: 7 bits
Swath width: 70 km

MSS Mode
Spatial resolution: 5.8 m
Spectral resolution: B1 0.52-0.59
B2 0.62-0.68
B3 0.77-0.86
Radiometric resolution: 7 bits
Swath width: 23.9 km



1999
10:30am
98 minutes
Sun-cynch
681 km

Pan sensor

Spatial resolution: 1 m
Spectral resolution: 0.45-0.90
Temporal resolution: 2.9 days
Swath width: 11 km

Along-track stereo

MS sensor

Spatial resolution: 4 m

Spectral resolution: B1 0.45-0.52
B2 0.52-0.60
B3 0.63-0.69
B4 0.76-0.90

Temporal resolution: 2.9 days

Swath width: 11 km

10:30am
Sun-cynch
470 km

Pan sensor

Spatial resolution: 1 m

Spectral resolution: 0.45-0.90

Temporal resolution: Less than 3 days

Swath width: 8 km

Ability to turn from side-to-side up to 45 degrees

MS sensor
Spatial resolution: 4 m
Spectral resolution: B1 0.45-0.52
B2 0.52-0.60
B3 0.625-0.695
B4 0.76-0.90
Temporal resolution: Less than 3 days
Swath width: 11 km

Ikonos o,lgal

Orb-view3 o ,lgalo
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RADAR=RAdio Detection And Ranging
RAR=Real Aperture Radar

SLAR=Side Looking Airborn Radar
SAR= Synthetic Aperture Radar
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Envisat-1 o,lgale .2

ENVISAT-1 is a European Space Agency (ESA) satellite launched on 1 March 2002.
This satellite has a polar, circular, sun-synchronous 782-km orbit with a 35-day
repeat cycle.

Sensors:
Advanced Along Track Scanning Radiometer (AATSR):
AATSR

Band  Wavelength of Band Center (um) | Resolution (m)

1 0.555 (green) 1000
2 0.659 (red) 1000
3 0.865 (NIR) 1000

4 1.6 (SWIR) 1000



Band  Wavelength of Band Center (um) | Resolution (m)

5 3.7 (TIR) 1000
6 10.85 (TIR) 1000
7 12.0 (TIR) 1000
AATSR Application: Precise sea The Advanced Along Track Scanning
surface temperature, Radiometer (AATSR) measures radiation in
vegetation indices with mfrared channels (3.7, 11.0, and 12.0 um),
improved visible atmospheric | and the near infrared and visible light
correction. channels (0.55, 0.67. 0.87, and 1.6 um). Its
Method: Passive conical primary mission is to measure sea surface
scanning. with 2 scans across | tfemperature and land parameters such as
satellite track regions: nadir | vegetation indices. This instrument extends
i 469 deavass Earind. the mission of the ATSR instrument which
; has flown on ERS-1 and ERS-2.
ASAR Application: Ocean waves, The Advanced Synthetic Aperture Radar

sea ice extent and motion,
land surface (deforestation.
desertification).

Method: Synthetic aperture
radar. active phased-array
antenna, with incidence
angles between 15 and 45
degrees.

(ASAR) instrument provides radar images of
the earth's surface (both land and sea) for a
variety of applications. The ASAR
mstrument extends the mission of the AMI
SAR mstruments flown on ERS-1 and ERS-
2. and provides continuity of data for SAR
users across those missions.

Advanced Synthetic Aperture Radar (ASAR):

ASAR's swath width 1s 400 km.

ASAR

Band
SAR C

Frequency (GHz) | Resolution (m)

30

Medium Resolution Imaging Spectrometer (MERIS):

MERIS's swath width is 1150 km.

MERIS (Progammable)

Bands

up to 15 | 0.390-1.04

Advanced Radar Altimeter (RA-2):

Wavelength (um) ' Resolution (m)

300 and 1200

RA-2 is a radar altimeter for monitoring ocean topography.
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Fig. 2.4. a Landsat MSS visible green image showing severe line striping: b The same image
after destriping by matching the mean brightnesses and standard deviations of each detector
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Remotely sensed imagery typically exhibits internal and externalgeometricerror

It is important to recognize the source of the internal and external error and whether it
1s systematic (predictable)or nonsystematic (random).

Systematic geometric error is generally easier to identify and correct than random
geometric error.

Internal geometric errors are introduced by the remote sensing system itself or in
combination with Earth rotation or curvature characteristics. These distortions are
often systematic (predictable) and may be identified and corrected using pre-launch
or in-flight platform ephemeris (i.e., information about the geometric characteristics
of the sensor system and the Earth at the time of data acquisition). Geometric
distortions in imagery that can sometimes be corrected through analysis of sensor
characteristics and ephemeris data include:

» skew caused by Earth rotation effects,

* scanning system-induced variation in ground resolution cell size,

* scanning system one-dimensional relief displacement, and

* scanning system tangential scale distortion.

External geometric errors are usually introduced by phenomena that vary in nature
through space and time. The most important external variables that can cause
geometric error in remote sensor data are random movements by the aircraft (or
spacecraft) at the exact time of data collection, which usually involve:

* altitude changes, and/or

» attitude changes (roll, pitch, and yaw).
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Geometric correction = Geometric transformation + Radiometric resampling

Geometric transformation = Mapping + Resampling
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Generally, for moderate distortions in a relatively small area of an image (e.g., a
quarter of a Landsat TM scene), a first-order, six-parameter, affine (linear)
transformation 1is sufficient to rectify the imagery to a geographic frame of reference.
This type of transformation can model six kinds of distortion in the remote sensor
data, including:
* translation in x and y,
* scale changes in x and y,

e skew, and
* rotation.



Selecting Ground Control Points for Image-to-Map Rectification
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ground control points identified.
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Concept of how different-order transformations fit a hypothetical surface illustrated
in cross-section.



a) Original observations.

b) First-order linear transformation fits a plane to the data.
c¢) Second-order quadraticfit.

d) Third-order cubic fit.
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ATLAS Imagery of Lake
Murray, SC, Rectified Using
a Second-order Polynomial

NASA ATLAS near-infrared image of Lake Murray, SC, obtained on October 7,
1997, at a spatial resolution of 2 X 2 m. The image was rectified using a second-order
polynomial to adjust for the significant geometric distortion in the original dataset
caused by the aircraft drifting off course during data collection.
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Nearest Neighbor Resampling -1
Bilinear Interpolation -2
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(a) Coastline in south of Caspian Sea and north of Tehran before geometric
correction.

(b) Performing affine transform to correct the image coordinate.

Types of Geometric Correction
image-to-map rectification, and
image-to-image registration.

Image Mosaicking
Mosaicking n rectified images requires several steps:

1. Individual images should be rectified to the same map projection and datum.
Ideally, rectification of the n images is performed using the same intensity
interpolation resampling logic (e.g., nearest-neighbor) and pixel size (e.g., multiple
Landsat TM scenes to be mosaicked are often resampled to 30 X 30 m).



2. One of the images to be mosaicked is designated as the base image. The base
image and image 2 will normally overlap a certain amount (e.g., 20% to 30%).

3. A representative geographic area in the overlap region is identified. This area in
the base image is contrast stretched according to user specifications. The histogram of
this geographic area in the base image is extracted. The histogram from the base
image is then applied to image 2 using a histogram-matching algorithm. This causes
the two images to have approximately the same grayscale characteristics.

4. It 1s possible to have the pixel brightness values in one scene simply dominate the
pixel values in the overlapping scene. Unfortunately, this can result in noticeable
seams 1n the final mosaic. Therefore, it 1S common to blend the seams between
mosaicked images using feathering. Some digital image processing systems allow
the user to specific a feathering buffer distance (e.g., 200 pixels) wherein 0% of the
base image is used in the blending at the edge and 100% of image 2 is used to make
the output image. At the specified distance (e.g., 200 pixels) in from the edge, 100%
of the base image is used to make the output image and 0% of image 2 is used. At
100 pixels in from the edge, 50% of each image is used to make the output file.

The seam between adjacent images being mosaicked may be minimial bycut-line
feathering logic, oredge feathering.

Mosaic Feathering Logic

User-specified feathering
distance, e.g., 200 pixels

Edge of — —~— Edge of
image image

Base image

Image 2

a. Cut-line feathering.

User-specified
feathering
distance,
c.g.. 200 pixels

River
or road

Base image E |

Image 2

b. Edge feathering.

Sometimes analysts prefer to use a linear feature such as a river or road to subdue the
edge between adjacent mosaicked images. In this case, the analyst identifies a
polyline in the image (using an annotation tool) and then specifies a buffer distance
away from the line as before where the feathering will take place. It is not absolutely
necessary to use natural or man-made features when performing cut-line feathering.
Any user-specified polyline will do.



Image Mosaicking

trom Thurm
- Reservoir

Savannah
“River Site

base image

a. Rectified Landsat ETM* image of eastern Georgia b. Rectified Landsat ETM™ image of western South
obtained on October 3, 2001 (bands 4, 3, 2; Carolina obtained on October 26, 2001 (bands 4, 3, 2;
Worldwide Reference System—Path 18, Row 37). Worldwide Reference System—Path 17, Row 37).

¢. Feathered mosaic of rectified Landsat ETM™ imagery of eastern Georgia and western South Carolina.




