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Detection – Matched Filter
Subpixel detection and abundance estimation
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Fall 2009, airborne SASI-600 collection

Clear skies Typical conditions
29 Oct 2009

Typical conditions
03 Nov 2009
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Controlled abundance target – design

~5m

~5m
Flight path
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Controlled abundance target – real life

Fill factor @ 50%: 46 – 50 % 

GSD ~1.2mGSD ~0.4m GSD ~2.4m

Fill factor @ 50%: 39 – 61 % Fill factor @ 50%: 29 – 76 % 
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Processing chain

DRDC standard procedure for rHSI target detection:
• Calibration to apparent reflectance units 
• Masking
• Global background statistics - mean, covariance
• Unstructured background matched filters

• ACE: detection algorithm
• Matched Filter: abundance estimation

• Spectral analyst interpretation
• Parameters adjustment, pre-processing
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Subpixel abundance estimation
Results using the Matched Filter algorithm

Contrast Albedo 29-Sep-09 
α=0.5

3-Nov-09
α=0.33

High High 11.7 30.0
High Medium 13.4 24.3
High Low 12.8 19.6
Low High 11.9 20.8
Low Medium 13.2 24.5
Low Low 13.2 21.7

Average RMSE (bias) _
12.7 (-1.9)
0.5 ± 0.06

23.5 (-14.7)
0.33 ± 0.08

RMSE [% abundance] – 45 images analyzed  

Average RMSE 15-25%:
• Poor and changing atmospheric conditions
• Relatively high abundances (how low can we go?)
• Abundances generally underestimated – averaging 

technique?
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Other potential sources of error

• Spectral ground truth
– Difficult and unstable conditions, quality of measurements?
– Spectral variability difficult to assess in field
– Angular effects (BRDF) 

• Processing chain
– Atmospheric compensation
– Pre-processing

• Minimal correction of sensor artifacts
• Anomaly filtering using RX

– Background covariance target contamination

• Applicability of technique?
– Non-gaussian distributions
– Non-local statistics
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Conclusions
Challenges and future work

It works, even under challenging conditions! 
– RMSE ~15% achieved

Unmixing and subpixel identification algorithmic challenges:
– Usefulness of techniques under difficult conditions?
– How can we get a confidence value on results?
– When does the stochastic approach (really) breaks?
– How can we quantify spectral library quality and reliability?
– Can the basic matched filters be improved?

Experimental challenges:
– Expending the envelope: low abundances, low SNR
– Characterization of measurement and methodology errors
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