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Background and Motivation
- 1997 Army TEC SBIR Phase 2
- extraction of land-use information from 
Star-3i (X-band IFSAR)

- DEM
- coherence
- magnitude image 
- derived data

- classes extracted: bald-earth, foliage, low 
vegetation, urban 



Advanced Radar Technology

Feature Classification from Star-3i

IFMAP Land-Use 

Classification

Error Map

Elevation Map

Coherence Map

Mag. Image

Trees

Open fields
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IFSARE 
discriminating 
features

This table (from IFMAP 
Phase 1, 1997) shows 
discriminating features for 
low vegetation, trees, and 
urban/man-made classes.
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Can SRTM data be used for foliage 
classification?

• Potential benefits
– worldwide 30m land-use classification for applications 

such as PTAN
– IFMAP classification did fairly well without auxiliary data 

(such as LIDAR)
• Related work

– 2004 JPL study (Rodriguez, Hensley, et. al.) analyzed 
SRTM C-band penetration product, found small-scale 
calibration ripples hampered classification

– “Inferring Vegertation Canopy Information Using Combined Lidar and Radar 
Interferometry Data”, Terrestrial Ecology Program Site Review, March 17, 
2004.
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Interferometric Correlation and THED
• For single-pass IFSAR: correlation is 
• Precise relationship of SRTM correlation and THED 

product was not known
– THED is an aggregate Cramer-Rao estimate of error
– baseline decorrelation must have been removed, result 

is derived from combination of thermal and volume 
decorrelation in multiple SAR images

• Does vegetation have a detectable effect on THED values?

g t v
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SRTM vs. Star-3i 

-With lower SNR, volume decorrelation is difficult to 
isolate from thermal decorrelation
-Absolute THED values vary with latitude because 
more passes drive down noise
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Preliminary sanity checks

• Quality maps were constructed for SRTM cells using NGA 
guidelines 
– (P. Salamonowicz, NGA: “Use of SRTM Error Data for computing 

DTED Accuracy Values”, July 26, 2002).
– For datasets studied, the quality map differs from THED by a 

constant

• National Land Cover Data (NLCD) was used as landcover 
truth

• Since volume decorrelation is a small effect relative to 
thermal decorrelation, we restricted consideration to posts 
that had a relatively low error to start with
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NLCD landcover classes
Foliated areas 
= union of all 
'forested 
upland' 
classes

Bare earth = 
union of 
barren 
classes (+ 
shrubland and 
cultivated 
areas in 
Oregon)
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Quality map values – class means

• Datasets studied were from Mississippi, Texas, Florida
• Only points corresponding to included classes were 

sampled 
• We looked at the difference in mean of populations 

that were restricted to increasing thresholds
• Mean quality map values for the two classes were 

consistently only a centimeter apart
– The effect disappeared as higher quality map 

values were admitted to the population
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Feature Vectors Study

• We next considered full feature vectors from the 
Oregon and Mississippi SRTM datasets

• We performed a Principal Components Analysis, 
and a Linear Discriminant Analysis
– PCA: looks for a basis in which coefficients are 

decorrelated
– LDA: looks for a basis that maximally separates class 

centroids, and minimizes variance around class 
centroids
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Feature vector fields
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PCA analysis results, Oregon

left: PC2, PC4
right: PC1, PC4 
green: foliated
red: bare earth
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PCA analysis, Mississippi

• Scatterplots show 
projections of Ms. 
data onto Oregon 
PCs

• Mississippi PCs 
are no better

• PCA sometimes 
does not yield 
good 
discriminators

• Tried Fisher's LDA
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Fisher's LDA analysis
• Ran LDA analysis on both Mississippi and Oregon datasets
• In both cases, found a single discriminator, similar to Oregon PC4: projection 

distributions were roughly Gaussian
• Second table shows means, variance of projections onto the discriminator
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Conclusions
• The best linear discriminant in high and low terrain 

heavily weights THED and slope magnitude 
values; other discriminators from PCA can aid 
classification in some locations

• We tried K-means clustering in MS, which 
performed poorly with and without initialization to 
cluster centers

• Discrimination is better at higher latitudes
• Discrimination at lower latitudes is better if 

analyzed posts are restricted to low THED values
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