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Task and Opening Thoughts

• Develop a framework for 
Geo/Spatial Quality for 
CEOS/IVOS to endorse.

• Explain concept and 
importance from IVOS 
perspective.

• Develop recommendations 
for procedures—test sites 
and analysis.

• Is the task concept 
captured adequately?

• This can become a large 
amount of work; how to 
keep it contained?

• Unique aspects of MTF 
targets/analyses are 
difficult to capture.

• Can an academic properly 
capture the needs of 
space agencies???



Proposed Framework

• Definition and Importance
• Measurement
• Pre‐Flight Estimation
• On‐Orbit Estimation
• Recommendations for Determining 
Geo/Spatial Quality



Proposed Framework

• Definition and Importance (short introductory section)
• Measurement (background and basic theory)
• Pre‐Flight Estimation(to be developed later)

• On‐Orbit Estimation(substantial portion of document)

• Recommendations for Determining 
Geo/Spatial Quality(final effort)



Proposed Framework

Definition and Importance (short introductory section)
• What exactly do we mean?
• Terms and Definitions
• Why is spatial quality important?
• How does this impact sensor/system design?
• Reference Materials



What is Geo/Spatial Quality
Impulse response of imaging system is PSF.
Consider a very small point source.
PSF represents system response.
Normalized absolute Fourier transform value of 
PSF is Modulation Transfer Function (MTF).





Proposed Framework
Measurement (background and basic theory)
• Spatial‐based measurements

– Point Spread Function
– Line Spread Function
– Edge Spread Function
– Relative Edge Response

• Non‐spatial‐based measurements
– Optical Transfer Function
– Modulation Transfer Function
– Contrast Transfer Function

• Units and SI traceability



• Basic System Properties

System
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Or, in Fourier space…



Ground truth (lab source) is the input signal.
System is the satellite sensor (and atmosphere).
Output signal is the image.

A system identification problem!



Ground input
f(x,y)

•Continuous
•2-D function

Atmosphere 
blurring
HAtm(wx, wy)

Optical 
blurring
HOpt(wx, wy)

Detector
blurring
HDet(wx, wy)

Motion
blurring
HMot(wx, wy)

+

Noise  η(x,y)

A / D 
converter

Output image
g(m,n)

•Discrete
•2-D function

Generic Sensor Model

Electronics
blurring
HElec (wx, wy)

Ignored

• Imaging System Model
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Some Limitations and conventions
Usually only a 1-D PSF estimate is possible 

Termed Line Spread Function (LSF).
Normalized absolute value of the Fourier 
transform of the LSF is MTF.
MTF @ Nyquist is often specified…
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MTF @ Nyquist
A Fourier domain specification.
Normally only at one spatial frequency.
Is this intuitive?
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Specifications:
•Which one?

Line Response?

Edge Response?

Or MTF?
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Most specifications are written in terms of MTF 
as a function of spatial frequency

Dominant parameter is typically MTF @ Nyquist frequency
Nyquist frequency depends on GSD

Nyquist frequency = 1/(2*GSD)
MTF at Nyquist is a measure of aliasing 
MTF measurements at Nyquist are difficult to estimate in-
flight

Full Width Half Max (FWHM) of Line Spread Function (LSF)
is more easily measured and highly related to image quality 

Edge response slope depends on FWHM of LSF

Spatial Domain or Frequency Domain



Proposed Framework

Pre‐flight Estimation (to be developed later)
• Laboratory methodologies

– Targets
– Equipment

• Data Analysis, PSF/MTF Estimation



Proposed Framework
On‐orbit Estimation (substantial portion of document)
• Field Methods Survey 
• Targets 

– Artificial/Man‐made
• Points
• Lines
• Edges
• Pulses

– Image feature‐based
• Linear (‘Rich’) features
• Bridges
• Moon

– Matrix of Targets
• Type vs. GSD
• Availability/Maintenance
• Point of Contact
• Recommended for operational acquisition

– Database of ‘Standard’ Imagery for PSF/MTF estimation
• Data Analysis, PSF/MTF Estimation

– Image data format
– Models
– Parametric/Nonparametric Methods
– Database of ‘Standard’ estimation methods



Proposed Framework
On‐orbit Estimation (substantial portion of document)
• Field Methods Survey 
• Targets 

– Artificial/Man‐made
• Points
• Lines
• Edges
• Pulses

– Image feature‐based
• Linear (‘Rich’) features
• Bridges
• Moon

– Matrix of Targets
• Type vs. GSD
• Availability/Maintenance
• Point of Contact
• Recommended for operational acquisition

– Database of ‘Standard’ Imagery for PSF/MTF estimation
• Data Analysis, PSF/MTF Estimation

– Image data format
– Models
– Parametric/Nonparametric Methods
– Database of ‘Standard’ estimation methods

Who is doing what?



Types of Targets

Point Targets
Several types are possible:

Lasers?
Spotlights?
Stars?
Mirrors?



Spotlights/Lasers:

Advantages
•Easily deployed and 
controlled.

Disadvantages:
•Location is important.
•Atmospheric effects.
•Deployment…
•Multiple sources



Stars:  The ultimate 
point source!
Advantages:
•Truly a point source.
•No atmosphere.
•Many are available.
•Radiances accurately   
known

Disadvantages:
•Instrument must be 
pointable.
•Alignment of multiple 
samples.



Convex Mirrors:

July 20, 2002

September 7, 2002August 25, 2002



Images of Convex Mirrors

IKONOS on 
July 22, 2002

QuickBird on 
July 20, 2002 



Types of Targets
• Edge Targets

– Several types are possible:
• “Natural”

• Field boundaries
• “Man-made”

• Parking lots
• Tarps

• Easily done in a laboratory



Edge Targets
Parking Lot 2 (Natural Target)

Parking lot 2 from South to North



Parking Lot 2  (IKONOS Images)

(a) Panchromatic band

Parking lot 2 on May 1 2000.

(b) RGB Multispectral bands



Stennis Tarps (Artificial Target)
53% reflectance on bright side
3% reflectance on dark side

August 25, 2002



Stennis Tarp  (IKONOS & QuickBird 
Images)

IKONOS Panchromatic Band  
July 22, 2002

OuickBird Panchromatic Band 
July 20, 2002



Tarp placement viewed 
from the South on July 2, 

2002 Every stake was aligned 
by  transit.

Pulse Targets



Pulse Target Image

IKONOS Image of the 
Blue Tarps

6°
True North

Tarp Angle



Matrix of Targets
Point Edge Pulse Image Feature

High 
Resolution 
(<10m)

Big Spring, TX
Digital Globe(?)

Avail/Main.
Operational?

Moderate 
Resolution
(10—50m)

Coarse 
Resolution
(>50m)



Edge angle
Edge spread function (ESF) is 
shown in the figure.
Dashed lines are  projections of 
ground sample interval (GSI) 
points.
Sampling of sub-pixel profile is 
determined by the edge angle.
An ‘optimal’ angle is 6 degrees.
Aliasing of data points occurs for 
angle >10o

8° was chosen to allow for 
alignment errors

ESF projection 
from angled GSI 

Processing Methodologies
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Conversion from ESF to PSF:  
First Order Differentiation



• Transform Analysis
Edge Method

Data Alignment
Differentiation of the averaged profile yields 
PSF.
Taking Fourier transform, normalization 
yields MTF.

Edge Method



Transform Analysis
Pulse Method 

A pulse input is given to an imaging system.
Output of the system is the result image.
Take Fourier transform of the input and 
output.
MTF is found by dividing output by input



Parametric vs. Non-parametric modeling
Parametric modeling:

Assumes knowledge of underlying system to be identified.
Greatly simplifies search for ‘optimal’ model parameters.

Non-parametric modeling
Only minimal knowledge of system required.
Can capture ‘unexpected’ behavior…
More difficult to separate signal and noise.

Spline and Fermi ESF, PSF and MTF plots of 
IKONOS image on July 22, 2002



Proposed Framework
On‐orbit Estimation (substantial portion of document)
• Field Methods Survey 
• Targets 

– Artificial/Man‐made
• Points
• Lines
• Edges
• Pulses

– Image feature‐based
• Linear (‘Rich’) features
• Bridges
• Moon

– Matrix of Targets
• Type vs. GSD
• Availability/Maintenance
• Point of Contact
• Recommended for operational acquisition

– Database of ‘Standard’ Imagery for PSF/MTF estimation
• Data Analysis, PSF/MTF Estimation

– Image data format
– Models
– Parametric/Nonparametric Methods
– Database of ‘Standard’ estimation methods

Proposed Actions



Recommendations for Determining Spatial 
Quality (final effort)
• Pre‐flight recommendation (to be developed later)
• Operational On‐orbit recommendations
• Interoperability and SI traceability

Proposed Framework



Summary/Actions

• Continue working on proposed framework
• Survey current operational methods
• Develop database of imagery for 
PSF/MTF/RER estimations

• Develop database of analysis methods
• And?


