
U.S. Department of the Interior
U.S. Geological Survey

Spatial Performance Analysis of 
Satellite Images using Causeways

CALCON, June 2024
Minsu Kim
KBR / Chief Scientist
minsukim@contractor.usgs.gov
KBR, contractor to the U.S. Geological Survey (USGS)
U.S. Geological Survey (USGS) Earth Resources Observation and Science (EROS) Center, Sioux Falls, SD 57198, USA.
Work performed under USGS Contract 140G0121D0001.



Title

2

Spatial Performance Analysis of Satellite Image
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Ground truth
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Spatial Analysis using High Contrast Edge
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Blurry sensor
RER = 0.35
FWHM = 2.68
MTF1/2 = 0.04Baotou,

Inner
Mongolia

50 m
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Sharper sensor
RER = 0.56
FWHM = 1.52
MTF1/2 = 0.14
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Analog
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Imaging at Satellite Coordinate 
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Tilted to eastward

Sat. 
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Imaging at Sat. Coord.
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Bridge Modellig
Sat. Coord.

Analog
Modelling

Discrete
Sampling

( GSD )


Captured with Snagit 2021.4.6.24561  
Webcam - Integrated Webcam  
Microphone - Microphone Array (Realtek(R) Audio)
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PSF 
Convolution

*  PSF  =
Analog bridge
 in Sat. Coord.
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Gaussian
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Resampling to 
Projection Coord
 (UTM)
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To estimate unknown PSF (FWHM)
Quantify the Similarity between Model & Image

Model           Image (S2 MSI) Similarity : using (1) Cross-correlation
                           (2) RMSD  (3) CHISQ GOF

CHISQ 
GOF CC

= f (FWHM)
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Find Best Similarity between Model & Image
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Determine best-matching FWHM (from a range of FWHMs)

CC profiles (lines  FWHMs)

CHISQ profiles
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Best-matching FWHM
S2 MSI     FWHM = 0.9       0.95           1.0             1.05         1.1            1.15          1.2           

( 1.09 ) 
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Pushbroom scanner slope ~ 4.5 ( 77o )
( due to orbit inclination angle )

Orbit path
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Convoluted image (PSF, FWHM)

( Local Geodetic map proj. coord. )
         e.g. UTM

Orbit path

( 103o )

Scanner coordinate

Orbit path

( 103o )
1

2

3

Analog Model Example
King Fhad Causeway

Resampling in the map 
projection coordinate
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Sampled

Sampled satellite image

Simulated image from Analog modeling

This should be long enough to capture
 the best alignment to compensate the
 randomness of discrete sampling of
 satellite image.

This is used as a kernel
 over larger simulated image
 to compute CC or RMSD

Cross 
correlation

RMSD  or 
CHISQ GOF
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Best-matching FWHM
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Analog model (bridge params)
Orbit angle, bridge slope 

Discrete image (GSD) 
Satellite coordinate

Convoluted image (PSF) 
Satellite coordinate

Resampled image (PSF) 
Map projection coordinate

Satellite image (map)
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Method Summary
Bridge Orientation, Width, 

And Gap (Twin Bridge)

Satellite Image
 Orbit direction

Analog 
Modelling

Discretization (GSD)

Convolution (PSF)

Resampling (Proj. Coord.)

Model Bridge Image

Sampled Bridge Image Segment
 From a Satellite Scene

Determine best-matching FWHM

Sat. Bridge Image
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Use Causeway, Avoid Suspension Bridge

Top-view
(Satellite)

Simple radiometric model : 
Linear feature over 
 water background
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12.5 m
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OLI (30m), EnMAP (30m), MSI (10m)
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King Fahd Causeway
( Saudi Arabia / Bahrain )

OLI                                  EnMAP
OLI                                  EnMAP

OLI                                  EnMAP

OLI                                  EnMAP

OLI 30 m                      EnMAP 30 m
NIR band                      NIR band
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OLI                                  EnMAP

OLI 30 m                                               EnMAP 30 m                
NIR band                                               NIR band                          

MSI 10 m 
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OLI 30 m                                               EnMAP 30 m                
NIR band                                               NIR band                          

MSI 10 m 
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OLI 30 m                                               EnMAP 30 m                
NIR band                                               NIR band                          

MSI 10 m 
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1.15

EnMAP
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Landsat OLI  : King Fahd Causeway 
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0.96
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0.97

OLI
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0.94

OLI
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0.94
OLI
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0.96

OLI
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MSI

S2 MSI  : King Fahd Causeway 
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1.21

MSI
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1.22

MSI
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Lake Pontchartrain Causeway,  LA,  USA
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Captured with Snagit 2021.4.6.24561  
Webcam - Integrated Webcam  
Microphone - Microphone Array (Realtek(R) Audio)
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OLI 30 m                                     EnMAP 30 m                
NIR band                                    NIR band                          MSI 10 m

NIR band 
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0.98

OLI

Landsat OLI  : Lake Pontchatrain 
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1.03
OLI
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1.03
OLI
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S2 MSI

S2 MSI  : Lake Pontchatrain 
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1.12

middle
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1.07

low

MSI
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OLI 30 m                                     MSI 10 m                
NIR band                                    NIR band                          
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OLI 30 m                                     MSI 10 m                
NIR band                                    NIR band                          
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OLI 30 m                                     MSI 10 m                
NIR band                                    NIR band                          
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Landsat OLI  : US-11  ( 10m single bridge)

0.88
OLI
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0.89
OLI
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0.94
OLI

Landsat OLI  : I-90  ( 19-15-19 m Twin bridge)
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0.98
OLI
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1.04

MSI

S2 MSI  : I-90, 10m, railroad



Title

75

1.09
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Result : FWHMs
King (25 m) EnMAP  1.17 1.14 1.17  1.15  1.15, 1.19, 1.11 1.10, 1.09
King (25 m)  OLI   0.96  0.97  0.94   0.94   0.97   0.96
King (25 m)  MSI   1.19  1.21   1.25   1.17 (horizontal)   1.22

Lake Pon Causeway (10-24-10 m) EnMAP: orbit & bridge virtually identical direction
Lake Pon Causeway (10-24-10 m) OLI   0.98   1.03   1.03  
Lake Pon Causeway (10-24-10 m) MSI   1.08  1.12   1.07 
 
I-90 (19-15-19)  OLI :  0.98  0.94
I-90 ( 19-15-19) MSI :  1.1  1.01 

US-11 ( 10 m ) OLI :  0.88  0.89
US-11 ( 10 m ) MSI : 1.04 1.09 1.1

OLI shows more stable results from a range of 
       bridge widths, location.

OLI FWHM is better than EnMAP, MSI ( 0.1 ~ 0.2 )

Less consistency of EnMAP, MSI needs further study.      
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OLI (30m), EnMAP (30m), MSI (10m)

FWHM
= 0.97

FWHM
= 1.20

FWHM
= 1.15
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Radiometric Noise
Random vehicle placement (distribution)
Varying vehicle reflectances (colors)
Blemish on the surface

Bridge shadow especially visible
 wavelength bands.



Title

82

Numerical Challenge : 

    High sensitivity in CC, RMSD

     Due to any potential deviation from a simple analog model 
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Cross 
correlation

RMSD  or 
CHISQ GOF

Global min curve

Local min
 curves
: mostly fails to give an optimal solution

Using Satellite sampled image
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Using simulated
 image

Local min
 curves
: majority gives an optimal solution

Global min curve

X
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High Sensitivity to
Dark background Quality

S2 MSI NIR band
: NIR supresses water
 volume backscattering

However, reflected sky
Radiance and Glint
due to Surface wave
 survives at NIR
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Wavelength Sensitivity 
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1.09

Water background sensitivity 1/2
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1.1

Water background sensitivity 2/2
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Sensitive to the Image Quality
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Effect of Line Orientation on Image Segment Sampling

High FrequencyLow Frequency
Longer segment
 needed.

Short segment
 would do well.

image segment

Higher precision 
FWHM estimation 
Uncertainty Lower precision 
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