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OverviewOverview

• Overall sensor ModelOverall sensor Model

• Spatial Resolution

S l l i• Spectral Resolution

• Spatial Response

• Spectral Response

• Signal AmplificationSignal Amplification

• Simplified Sensor Model

G i Di i• Geometric Distortion
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• Scanning operation converts spatial at‐sensorScanning operation converts spatial at sensor 
radiance to a continuous, time‐varying optical 
signal on the detectorssignal on the detectors

• Detectors convert it to electronic signal

Si l i l d d i d i di• Signal is sampled and quantized into discrete 
DN values at the A/D converter
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• Several transformations of the data occur
– Radiometric
– Spatial
– GeometricGeometric

• The sensor degrades the signal of interest.
• Need to understand degradation to properly designNeed to understand degradation to properly design 
image processing algorithms and interpret their 
results

• Remote sensors are complex systems of optical, mechanical 
and electronic components
– These components determine the quality of the data from the sensorThese components determine the quality of the data from the sensor

– The sensor may be considered a “black‐box” that converts at‐sensor 
radiance to DNs
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The primary components in an electro‐
i l ioptical remote sensing systems

INEL 5327 (Spring 2009) ECE, UPRM 6



ResolutionResolution

• RS systems have resolution in the spectralRS systems have resolution in the spectral, 
spatial and temporal measurement domains

• Any instrument that measures a physical• Any instrument that measures a physical 
quantity is limited in the amount of detail it 
can capturecan capture
– This limit is referred to as the instrument’s 
“resolution”

– “Resolution” is a term that is widely used, but 
often misunderstood
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LSI System ModelLSI System Model

• Model the various systems as Linear Shift‐ Invariant (LSI)
– A linear transformation of the input x results in a similar 

transformation of the output y

• Superposition principlep p p p
– If T[f1] = g1 and T[f2] = g2 , then T[a1f1 + a2f2] = a1g1 + a2g2

• Shift invariance: Shifting the input results in a similar shift of 
the outputthe output
– If T[f(x)] = g(x) , then T[f(x‐x0)] = g(x‐x0)

• LSI model is generally applicable over the nominal range of 
operation for these s stemsoperation for these systems
– Model will break down as performance limits are approached (i.e., 

system response becomes non‐linear)



Instrument as a LSI SystemInstrument as a LSI System

r(z) i(z) o(z)

( )[ ]= zz iT)o( The instrument 
weights the input 
i l i th

( ) ( )∫ −=
W

αααzz dir)o( 00

signal in the 
vicinity (W) of z 
and integrates ∫W

r(z) instrument response,   z=(x,y) or λ

g
the result

( ) p , ( ,y)



• i(α) – input signal
R( ) i t t ( it )• R(z0‐ α)=instrument response (unit area), 
inverted and shifted by z0

• O(z0)=output signal at z=z0 and

• W=range over which the instrument response 
is significant

• Convolution: o(z)=i(z)*r(z)( ) ( ) ( )

• Output signal equals the input signal 
convolved with the response functionconvolved with the response function
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The Ideal Sensor: 
fInfinite Precision

• r(z)=δ(z)r(z)=δ(z)

( ) ( ) )(di)o( zαααzz i
W

=−= ∫ δ

No instrument can measure a physical signalNo instrument can measure a physical signal
with infinite precision.



Linear Shift‐Variant SystemsLinear Shift Variant Systems

( )[ ]= zz iT)o( ( )[ ]
( ) ( )∫

zz

di)(

iT)o(

( ) ( )∫=
W

αααzz di,r)o(
r(z,α) is called the system weighting function.

The weighting function of the instrument can 
depend on the “location” being measured.



Spatial ResolutionSpatial Resolution
• GSI (ground projected sample interval) or 
GIFOV ( d j d i fi ldGIFOV (ground projected instantaneous field 
of view)

• Detect smaller objects if the contrast with the 
surrounding background is sufficiently high

• Ground area larger than GIFOV with 0 
reflectance produces a 0 DN, reflectance of 1 p ,
produces maximum DN, say 255

• Area within GIFOV contain two materials 5%Area within GIFOV contain two materials 5% 
each then DN is 128
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Spatial ResolutionSpatial Resolution
• A “subpixel” object smaller than the GIFOV can be detected, but not 

resolvedresolved
• Detectability of a subpixel object depends on:

– object size relative to the sensor GIFOV
– object radiance contrast to the surrounding backgroundj g g
– scene noise (“clutter”)
– sensor noise

Detection of 
a 7ma 7m
object in TM 
imagery

detection capability
depends on spectral bandBerkeley Pier: 7m wide, concrete and wood



Another Example of Subpixel 
Detection

60 m wide
channel

30 m resolution 250 m resolution



Detectability
Dependence of Object Size and Contrast

• Low‐contrast 50% target coverage of GIFOVLow contrast 
subpixel targets 
must be bigger 

Pixel DN
15

Pixel DN
128

g g
ρ = 0.04

ρ = 0.08ρ = 1

ρ = 0

than high contrast 
targets for 
d t ti

Minumum area detectable target

detection

• Contrast ratio (2:1)
1 11

1 111 11



• Size of target <10% of a pixel it falls belowSize of target <10% of a pixel, it falls below 
threshold (one DN) for detection

• Radiometric quantization target and• Radiometric quantization, target and 
background reflectances and sensor GIFOV 
determine “resolution” of the imagedetermine  resolution  of the image

• Sample scene phase: relative location of the 
i l d h i f i i ipixels and the target, varies from acquisition 

to acquisition‐influences image resolution

INEL 5327 (Spring 2009) ECE, UPRM 17



Sample Scene PhaseSample Scene Phase

• The measured ρ = 0.04ρ = 0 04The measured 
radiance of a 
subpixel object 

ρ = 0.08

ρ = 0.04

ρ = 0.08

depends on the 
location of the 
bj t l tiobject relative 

to the pixel 
samplessamples



• DN profile along each scan line across the pierDN profile along each scan line across the pier 
is different

• It is not oriented at 90 deg to the scan hence• It is not oriented at 90 deg to the scan, hence 
it is one pixel or 2 pixel wide

T i id h f b i l bj• To estimate true width of subpixel object, an 
interleaved composite of many lines should be 

d h i h f i f i lmade, phasing them to fractions of a pixel

INEL 5327 (Spring 2009) ECE, UPRM 19



More on 
SampleSample 

Scene Phase



Effects of AtmosphereEffects of Atmosphere



Spatial ResolutionSpatial Resolution

• Factors in real imagesFactors in real images
– Sensor noise

Non uniform targets and backgrounds– Non‐uniform targets and backgrounds

– Variable solar angle and topography

At h i diti– Atmospheric conditions

• Spatial resolution is not so simple!

• In general, the term resolution will refer to the 
GSI



QuizQuiz

• What are the steps to convert radiance toWhat are the steps to convert radiance to 
image DNs

• What is resolution• What is resolution

• What is a LSI system

• What size should the target be with respect to 
background to be detectable. What DNs 
should the target pixels have to be detectable
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Spectral resolution
• Total energy measured in each spectral band is a 
spectrally weighted sum of image irradiance over 
the spectral passband

• Example –reflectance data for mineral alunite

• Each band sees an effective reflectance which is 
the weighted reflectance over the band; g
weighting function is the spectral response of the 
sensor in each band

• 50nm wide spectral bands‐loss of information 
about the doublet; averaged away by broad 
spectral bands
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Reflectance of alumnite as measured by a a 
h l ( )hyperspectral sensor (10nm res)



Reflectance of alumnite as measured by a 
l i l ( )multispectral sensor (50nm res.)



Simulation of TM band measurements of 
k blKentucky bluegrass



Spectral Resolution ConceptsSpectral Resolution Concepts

• Spectral Resolution• Spectral Resolution
– Bandwidth in nm or Hz

– MidvalueMidvalue

– Sensitivity curve

• Spectral Range
– Number and position of p
the bands

Spectral Responsivity Rb(λ) 



AVIRISAVIRIS



Landsat 7 ETM+Landsat 7 ETM+



SPOT 5SPOT 5



IKONOSIKONOS



Advanced Very High Advanced Very High 
Resolution Radiometer Resolution Radiometer 

(AVHRR)(AVHRR)(AVHRR)(AVHRR)

Jensen, 2007Jensen, 2007



CRI VariSpec 
bl lTunnable Imaging Filter

http://www.cri-inc.com/files/VariSpec_Brochure.pdf



Comparison of the VSWIR spectral bands for 
MODIS ASTER and ETM+MODIS, ASTER and ETM+



Spectral Characteristics of 
AVIRIS vs HYPERION



Spectral ResolutionSpectral Resolution

• High spectral resolution imagingHigh spectral resolution  imaging 
spectroscopy

• Multispectral Placement of bands and• Multispectral  Placement of bands and 
spectral bandwidth is important to sensor’s 
ability to resolve spectral featuresability to resolve spectral features.



Multispectral is VERY usefulMultispectral is VERY useful

Surface components withSurface components with 
very distinct spectral 
differences can be
resolved using broad 
wavelength ranges



Spatial responseSpatial response

• The sensor modifies the spatial properties ofThe sensor modifies the spatial properties of 
the scene by(1) blurring due to the sensor’s 
optics detectors and electronics (2) distortionoptics, detectors and electronics (2) distortion 
of geometry

• Small details are blurred relative to larger• Small details are blurred relative to larger 
features characterized by the net sensor Point 
Spread Function (PSFnet) spatialSpread Function (PSFnet) – spatial 
responsivity of sensor
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Quiz

• What is spatial resolution

• What factors affect the objects imaged at aWhat factors affect the objects imaged at a 
pixel

• What is spectral resolution• What is spectral resolution

• When is it good to have a high or low spectral 
l tiresolution

• Explain the terms: FOV, GFOV, GSI

• Explain: whiskbroom and pushbroom scanners

• How is at‐sensor radiance converted to DNs,How is at sensor radiance converted to DNs, 
give example DNs
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Basic Imaging System ModelBasic Imaging System Model

Linear Imaging System

)  y;(x,sb λ
( )λy;x,PSFnet

( )λ y;x,eb

Imager

( )ynet

( )λ y;x,n

PSFnet (x,y; λ) is the system point spread function for band centered in λ



Coordinate SystemCoordinate System
• The coordinates (x,y) and all parameters are assumed to be in image space

C i f t• Conversion factors

– Ground distance = image distance / magnification
= image distance  x  H/f

– Ground velocity  = image velocity / magnification
= image velocity  x  H/f



Spatial ResponseSpatial Response

• The spectral signal is convolved with the sensor p g
spatial response

( ) ( )∫ ∫=
max

i

max

i

α

α

β

β bnetb dβ dα ;α,s ;β- yα,-xPSF) y;(x,e λβλλ

– where the spatial response of an imaging system is now 
called the Point Spread Function (PSF). Assumes LSI 
imaging s stem

∫ ∫
min minα β

imaging system.
• The net sensor PSF is a convolution of individual 
responses from:
– optics PSFopt
– image motion PSFIM
– detector PSFd (defines the geometrical GIFOV)detector PSFdet (defines the geometrical GIFOV)
– electronics PSFel

y)(x,PSFPSFPSFPSFy)(x,PSF eldetIMoptnet ∗∗∗=



Spatial Response: 
hLarger than GIFOV



PSF t(x,y; λ)PSFnet(x,y; λ)
• The total system response to a spatial “impulse” 

signalsignal
• Larger than geometric GIFOV

– time integration smear (cross-track for whiskbroomstime integration smear (cross track for whiskbrooms, 
in-track for pushbrooms)

– optics blur
l t i filt ( t k f hi kb t– electronic filters (cross-track for whiskbrooms; not 

common for pushbrooms)
– detector electron diffusion, charge transfer inefficiency , g y

(pushbrooms)
• The net spatial response is the convolution of all 

these factors converted to a common spatialthese factors, converted to a common spatial 
coordinate system



Illustration of PSFIllustration of PSF

from Wikipedia



Optical PSF PSF tOptical PSF  PSFopt

Valid for an optical system with no degradation other than diffraction.



Optical PSF PSF tOptical PSF  PSFopt
• PSFopt is given by

where J1 is a Bessel function of the first kind and the normalized radius is 
given bygiven by

and the radius to the first dark ring (Airi Disk) is

where N is the optics f‐number given by the ratio of the optical focal 
length f divided by the aperture stop diameterlength f divided by the aperture  stop diameter



Detector PSF PSFd tDetector PSF PSFdet



Image Motion PSFIMImage Motion PSFIM

where s is the spatial smear of the image in the focal plane



MODIS: PSFdet* PSFIM

50% overlapping 
of neighboring 
pixels!



Electronics PSF PSF lElectronics PSF  PSFel

• Detectors signal is filtered to reduce noiseDetectors signal is filtered to reduce noise.
– AVHRR, MSS, TM and ETM+ whiskbroom scanners 
use a low‐pass Butterworth type filteruse a low pass Butterworth type filter

– Pushbroom scanners have no filters but introduce 
PSF due to intrinsic propertiesPSF due to intrinsic properties

• Time domain  Equivalent to a spatial 
dependencedependence



Net PSF PSF tNet PSF  PSFnet

y)(x,PSFPSFPSFPSFy)(x,PSF ld tIMtt ∗∗∗= y)(x,PSFPSFPSFPSFy)(x,PSF eldetIMoptnet



PSF PropertiesPSF Properties

• The net sensor PSF is wider than the GIFOV becauseThe net sensor PSF is wider than the GIFOV because 
of
– PSFopt in both directionsp

– PSFIM
• cross‐track for whiskbroom scanners

i t k f hb• in‐track for pushbroom scanners

– PSFel cross‐track for whiskbroom scanners

• Reasonable assumption in many cases is that the PSFReasonable assumption in many cases is that the PSF 
is separable in the cross‐track and intrack directions

)(PSF)(PSFy)(x,PSF cinet yx=



PSF for AVHRR and MSSPSF for AVHRR and MSS

in track cross track



PSF for SPOT and TMPSF for SPOT and TM



PSF for MODIS and ALIPSF for MODIS and ALI



• PSF is normalized to same GSIPSF is normalized to same GSI

• For AVHRR and MSS, the amount of sensor 
blur is about twice as great in the cross trackblur is about twice as great in the cross‐track 
direction than in the in‐track direction

C k i id bl b d• Cross‐track response is considerably broader 
than that of the detector.

• Effective GIFOV of RS systems is larger than 
the quoted geometric GIFOV
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Visualizing imaging system effect 
using simulation



Simulation of the effect of 
GSI and GIFOV on visualGSI and GIFOV on visual 
image quality.

Upper: undersampled 
conditions, GSI > GIFOV

Lower: GSI = GIFOV



Imaging SimulationImaging Simulation

• Example: simulation of Landsat TMExample: simulation of Landsat TM 
imaging

Model TM spatial response components (at a– Model TM spatial response components (at a 
common scale)



TM Spatial Response Components



High resolution aerial photographyHigh resolution aerial photography

rotated and 
trim to align

scanned aerial photograph, GSI = 2m

with TM orbit
and scan
direction



Imaging 
SimulationSimulation 
(cont.)

Apply each 
tcomponent

of the spatial 
responseresponse
and 
downsample to p
30m



Comparison 
with Real TMwith Real TM 
taken 4 months 

laterlater



Quiz
• How does sensor modify spatial response of 
scene

• What are the components of the PSFnet.

• What is optical PSF detector PSF image• What is optical PSF, detector PSF, image 
motion PSF

E l i th MODIS d i• Explain the MODIS design

• What contributes to electronics PSF

• What happens increasing GSI or GIFOV

• Compare effective GIFOV and geometricCompare effective GIFOV and geometric 
GIFOV
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Measurement of Sensor PSFMeasurement of Sensor PSF

• Laboratory testsLaboratory tests
– Point sources  PSF

Lines sources Line Spread Function (LSF) 1D– Lines sources  Line Spread Function (LSF)‐1D

– Edge sources  Edge Spread Function (ESF)‐1D

F d t it lf• From data itself
– Subpixel line and edge sources

– Spatial domain representation of spatial response

– Fourier transform domain representation is 
discussed in Chapter 6.



Mathematical RelationsMathematical Relations

∫
∞
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∫

∫
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Mathematical RelationsMathematical Relations



• The line or edge response is measured rather 
h ithan point response

• Measure PSF, ESF and LSF using man‐made 
targets such as mirrors or geometric patterns 
or targets of opportunity such as bridges

• Specular mirrors as subpixel targets, flat 
mirror detected in the 80m GIFOV of the first 
landsat MSS

• Phased array of effective point sources wasPhased array of effective point sources was 
used to measure the TM PSF

• Each point produces an independent sampled• Each point produces an independent, sampled 
PSF image
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Measurement of sensor spatial response
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ALI LSF measurement
• The berm crop canopy forms a linear, high‐
contrast subpixel feature used to measure the p
MSS band LSF in the in‐and cross‐track 
directions

• Several transects were extracted, registered, 
and averaged in both cases to reduce noiseand averaged in both cases to reduce noise

• If target is too narrow, result is not good due to 
low signal levellow signal level

• If target is too wide, the estimated LSF will be 
b d d b th t t it lfbroadened by the target itself
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Experimental MeasurementExperimental Measurement



Exercise
• With angle of 13.08 deg between a line target and 
sensor scan direction, as in Fig. 3‐18, how is the 
effective subpixel sample interval calculated for the 
extracted profiles.

D i i 3 44 i i h i 3 40• Derive equation 3‐44 starting with equation 3‐40.

• Calculate the convolution of a square sensor GIFOV 
d di t t ith band a square wave radiance target, either by 

integration using equation 3‐2 or by a graphical 
approach Allow the GIFOV to be ½ 1 and 2 timesapproach. Allow the GIFOV to be ½, 1 and 2 times 
the width of a single bar in the pattern and discuss 
the results in terms of sample‐scene phase.
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Effect of Target SizeEffect of Target Size

Ratio = Target si e/LSF idthRatio = Target size/LSF width



QuickBird LSF measurement

• Trade‐off using man‐made targets and targets‐of‐
opportunity that are already present on the ground

• Abundant man‐made features in urban areas are good 
candidates

• White painted stripes in an asphalt vehicle parking lot are 
used to measure the QuickBird LSF

• Individual parking stripes are only about 1/7 GIFOV in• Individual parking stripes are only about 1/7 GIFOV in 
width, but high contrast with background to yield good 
signal level

• Spacing is a non‐integer number of pixels, each stripe is 
imaged with a different sample‐scene phase.  

• Length is several pixels, allowing averaging of several 
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Estimation from data itself: 
QuickBird, Tucson Bargain Center, Nov. 4, 2002



Quickbird 
(cont.)



Method Description (Helder ‘03)Method Description (Helder  03)
• Edge Method (MTF‐Modulation Transfer Function 

estimation method))
– Sub‐pixel edge locations were found by Fermi function fit.

– A least‐square error line was calculated through the edge locations.

Savitzky Golay Helder Choi filtering was applied on each line– Savitzky‐Golay Helder‐Choi filtering was applied on each line

– The filtered profile was differentiated to obtain LSF

– MTF calculated by applying Fourier transform to LSF.

79Fig 1. Edge Method



• Pulse method• Pulse method
– A pulse input is given to an imaging system.
– Output of the system is the resulting image.p y g g
– Edge detection and SGHC filtering was applied to get 
output profile. 
Take Fourier transform of the input and output– Take Fourier transform of the input and output.

– MTF is calculated by dividing output by input.

Edge detection
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• Parametric Edge Detectiong
– A model based parametric method was applied to 
detect sub‐pixel edge locations.
The Fermi function was chosen to fit this function to– The Fermi function was chosen to fit this function to 
the ESF for improved edge angle estimation.

– Sub‐pixel edge locations were calculated on each line 
by finding best fitting curve’s value ‘b’ .
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Figure 3. Parametric edge detection



Signal AmplificationSignal Amplification

• The electronic signal produced by the detectors is g p y
amplified

• Some sensors have multiple gain settings, e.g. SPOT 
HRV (Chavez, 1989) and ETM thermal band, to increase 
signal level for dark objectssignal level for dark objects



Landsat ETM+Landsat ETM+



ETM Sample ImageryETM Sample Imagery



Sampling and QuantizationSampling and Quantization

• The amplified signal is sampled in time (during scan) and p g p ( g )
quantized into Digital Numbers (DNs)

• Quantization is a low‐level noise 
superimposed on the data values
– For Q bits/pixel quantization there 

are 2Q integer DNs over the range 
[ Q ][0...2Q‐1]

• Radiometric resolution 
– 2-Qx dynamic-range-in-radiance



Radiometric
Resolution: 

(a)1 bit(a)1-bit, 
(b)4-bits, 
(c)8 bits(c)8 bits



Effective Sensor ModelEffective Sensor Model

• Total measured signal at pixel p in band bg p p

– where
• DNpb is the Digital Number at pixel p in band bpb g p p
• Lλ(x,y) is the at‐sensor spectral radiance from scene location (x,y)
• Kb is a gain coefficient for band b that includes sensor gain, 
detector spectral responsivity and spectral filter transmittance
ff t i th ff t ffi i t f b d b• offsetb is the sensor offset coefficient for band b

• the gain and offset are effective quantities, averaged over an 
effective spectral band



Gain‐Offset ModelGain Offset Model

• The three integrals are over:g
– the effective spectral response range of band b (spectral 

resolution)
– the effective spatial response range in-track and crosstrack 

(spatial resolution)
• Assume a band- and space-integrated at-sensor 

radiance Lpb at pixel p, band b. Then,pb p p

DNs are linearly proportional to the total at sensor radiance– DNs are linearly proportional to the total at-sensor radiance
– Ignores radiometric quantization and nonuniform response within 

spectral bands and the GIFOV
Simplifies modeling and radiometric calibration of the sensor– Simplifies modeling and radiometric calibration of the sensor



Sensor Calibration (DNs to radiance)Sensor Calibration (DNs to radiance)

• Relating the digital number (DN) to radianceRelating the digital number (DN) to radiance.
– Linear relationship with radiance (Lλ)

L = Gain (DN) + Offset– Lλ = Gain (DN) + Offset

– Gains and offsets provided in metadata with 
distribution of datadistribution of data



Callibration Coefficients for LANDSAT 
TM



Scene Calibration: 
R di R fl (i bl )Radiance to Reflectance (inverse problem)

Measured Radiance Estimated Reflectance 
using ATREM



Geometric DistortionsGeometric Distortions

• Previous discussion focused on sensorPrevious discussion focused on sensor 
characteristics that affected the radiometric 
quality of the imageryquality of the imagery

• Here we focus on where are we looking?
G t i h t i ti f th i– Geometric characteristics of the imagery

• Orbit

• Platform attitude• Platform attitude

• Scanner properties

• Earth rotation and shapeEarth rotation and shape



Sources of DistortionSources of Distortion

• All remote sensing images are distortedAll remote sensing images are distorted 
relative to a map
– platform motion especially airborne sensors– platform motion, especially airborne sensors

– scanning distortion of the Ground 
Sample Interval (GSI)Sample Interval (GSI)

– topography



Sensor attitudeSensor attitude

• The angle(s) of an g ( )
aerospace vehicle with 
respect to a reference such 
as the horizonas the horizon

• Small changes in sensor 
attitude can result in large 
changes in the viewed 
location on the ground

• Expressed by three angles:• Expressed by three angles: 
roll, pitch and jaw. 
– Usually recorded with the 

image data







Angle Between Adjacent PixelsAngle Between Adjacent Pixels



Sensor Attitude (more)Sensor Attitude (more)

• Satellite Sensors: it is assumed to be a slowSatellite Sensors: it is assumed to be a slow 
varying function of time

α= α + α t+ α t2+α= α0+ α1t+ α2t2+ …

• Airborne Sensors: subject to large changes 
from wind and turbulence.
– Gyro‐stabilized platform is needed to avoid severe 
image distortions



Note changes in 
geometric 
patterns 
(changes in(changes in 
attitude) and 
radiometricradiometric 
differences (non 
Lambertian
surfaces) due to 
changes in view 

langle



Example: Recent Campaign in PR



With some correctionsWith some corrections



Scanner ModelsScanner Models

• Scanner induced distortions can be easilyScanner induced distortions can be easily 
modeled as a function of time
– As long as they are consistent throughout an– As long as they are consistent throughout an 
image

• Whiskbroom scanners have more inherent• Whiskbroom scanners have more inherent 
distortions than pushbroom

Whiskbroom: moving crosstrack– Whiskbroom: moving crosstrack

– Pushbroom: fixed crosstrack geometry

P fli ht lib ti i ibl– Pre‐flight calibration is possible





Line and Whiskbroom Scan GeometryLine and Whiskbroom Scan Geometry

• Flat EarthFlat Earth

• Spherical Earth: Large IFOV

– where φ is the geocentric angle



Scanning Distortion: line and whiskbroom scanners





More on Scan DistortionMore on Scan Distortion



Pushbroom Scan GeometryPushbroom Scan Geometry

• For flat earthFor flat earth

• Spherical earth



Pushbroom Scan GeometryPushbroom Scan Geometry



Earth ModelEarth Model
• Earth geometric properties are independent 
of the sensor but they affect the acquisitionof the sensor but they affect the acquisition 
process via the orbital motion of the satellite.

E h i h– Earth is not an exact sphere
• Ellipsoid Equation

where (px, py, p ) are the geocentric coordinates of anywhere (px, py, pz) are the geocentric coordinates of any 
point P in the surface of the earth, req and rq are the 
equatorial and polar radius repectively.

• rp < req



Earth ModelEarth Model

• Geodetic LatitudeGeodetic Latitude

• Geodetic longitude

• Eccentricity



Earth ModelEarth Model
• Earth rotates at a constant 

speed ωspeed ωe

• Velocity at the surface is 
given by

• For polar orbiting satellites

where i is the orbit 
inclination angleinclination angle
– LANDSAT, 9.1° w.r.t. the poles

νe = 0.98769 ν0

s, g, and p form the fundamental 
observation triangle 





Earth ParametersEarth Parameters



Satellite OrbitsSatellite Orbits

• Standard orbits depend on altitudeStandard orbits depend on altitude
– LEO – low earth orbiting satellite  Few hundreds 
of milesof miles

– Geosynchronous  Some 20,000 miles



LEO SatellitesLEO Satellites

• Sun‐synchronousSun synchronous
– They cross the equator at the same local time, 

Maintain a constant solar illumination angle for– Maintain a constant solar‐illumination angle for 
observations.

• Ascending and descending node orbits• Ascending and descending node orbits
– Ascending  South to north

• NASA Aq a 1 30 PM ascending mode• NASA Aqua 1:30 PM – ascending mode

– Descending  North to south (most common)
• NASA Terra 10:30 AM descending mode• NASA Terra 10:30 AM – descending mode



LANDSAT 7
D di d A di i hDescending: day, Ascending at night



Topographic Relief (cont.)Topographic Relief (cont.)

• ground point at Aground point at A 
actually appears to 
come from A0 because 
of topography



Relief DisplacementRelief Displacement 



Topographic ReliefTopographic Relief

• Image offset proportional to elevationImage offset proportional to elevation 
above base plane, or “datum”

• Stereo pair of images can be used to find• Stereo pair of images can be used to find 
elevation (see book for more info)
I t d f t hi• Imagery corrected for topographic 
distortion is called “orthographic”
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• Image parallaxes of graound points A and C 
areare,

• H and Z are measured relative to the datum 
plane image coordinates a1 a2 c1 and c2plane, image coordinates, a1, a2, c1 and c2 
are measured relative to optical center 
(principal point) of the respective image(principal point) of the respective image
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SummarySummary

• This chapter presents how the sensor and acquisition p p q
process modifies the signal of interest in remote 
sensing.
– The sensor affects the spatial and radiometric quality ofThe sensor affects the spatial and radiometric quality of 
the signal.

• Important aspects
Spatial features weighted by sensor PSF– Spatial features weighted by sensor PSF.

– Spectral radiance weighted by sensor spectral response
– Imaging is an affine transform of the radiance 
– Geometric distortions arise from internal sensor and 
external platform and topographic factors



Quiz
• Explain PSF LSF and ESF How are they related?• Explain PSF, LSF and ESF. How are they related?

• What are optical PSF, detector PSF, image motion PSF.

• How are LSF and ESF measured?• How are LSF and ESF measured?

• How is at sensor signal amplified, sampled and 
quantizedquantized.

• Is the sensor model linear? Explain. 

• What is sensor calibration• What is sensor calibration.

• What is geometric distortion. 

Wh t i ttit d E l i• What is sensor attitude. Explain.

• Explain scanner models and their geometry

H d h ff i i i• How does earth geometry affect sensor acquisition.

• What is topographic distortion. How is it measured. INEL 5327 (Spring 2009) ECE, UPRM 124


