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Research Overview
Study identifiability of 3D canonical features 
from comple phase histor data collected

Goal:
from complex phase history data collected 
over sparse linear/nonlinear apertures.

Sparse nonlinear sampling 
of 3D aperture

• “Confusion Matrix” of 6 canonical feature shapes
• Some canonical shapes easily confused due to native 

similarities in scattering responsesimilarities in scattering response
• Feature discrimination from:

– Phase history response versus aspect/elevation
Peak radar cross section
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– Peak radar cross section
– Polarization



Parametric Scattering Models

Frequency, Aspect, Location Dependence
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Frequency, Aspect,
and Polarization Dependence Location Dependence

S depends on type of scattering center We consider:
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Sm depends on type of scattering center. We consider:
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Plate SphereDihedral Trihedral Cylinder Top-hat

Rigling’s (SPIE 2004) bistatic parametric scattering models modified to
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Rigling s (SPIE 2004) bistatic parametric scattering models modified to 
account for object radius and amplitude scaling to radar cross section



Monostatic Scattering Amplitudes
N li Fli ht P th
Linear Flight Path

Plate Dihedral Trihedral

Nonlinear Flight Path

Cylinder Top-hat Sphere

350 dB dynamic range – all on same scale



Bistatic Scattering Amplitudes
N li R i Fli ht P th
Linear Receiver Flight Path Fixed Transmitter Position*

Plate Dihedral Trihedral

Nonlinear Receiver Flight Path Fixed Transmitter Position*

** *

Cylinder Top-hat Sphere

***

450 dB dynamic range – all on same scale



Least Squares Model Fitq
• Compute complex phase history Yn for each shape

– XpatchXpatch
– Single channel (VV pol)
– fc=10.16 GHz, BW=3.96 GHz

Monostatic linear and nonlinear flight paths– Monostatic, linear and nonlinear flight paths
– Bistatic, nonlinear receiver flight path

• Fit all models Sm, m=1,…,6 to observed data Yn
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Feature Identification Results
Easily confused best-fit features

Multiple modelsMultiple models 
may fit well to the 
observed feature

Monostatic Linear Flight Path

e.g. Plate, Cylinder, 
and Dihedral all have 
length-dependent sinclength dependent sinc 
responses
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Other Model Discriminators
• Polarization

– Even bounce vs. Odd bounce
• Consistency of estimated object size with its peak RCS

– Calibrated radar: peak scattering intensity matches RCS   

– Object dimensions estimated independently of amplitude
Compute RCS from table, estimated dimensions and check p
consistency with max ||Sm||2

Large Range of RCS values 
for objects of similar size helps 
to discriminate features
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e.g. 15” Trihedral ~ 70’ Sphere



RCS Consistency Examples
Monostatic Nonlinear PathRCS consistent RCS not consistent

y p

Est. Plate: L = 35.46”, H=2.75”
Est Dihedral L = 35 46” H=indeterminate

RCS consistency 
check discardsEst. Dihedral L = 35.46 , H=indeterminate

True Dihedral: L = 36”, H = 12”
check discards 
incorrect feature

Assume radar calibrated and determine height from measured RCS:
Estimated Top-hat: r = 1.2”, RCS = 29.277dB

H 40 7 f t
Estimated dimensions 
may be unreasonable
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H=40.7 feet
True Trihedral: H = 15”

may be unreasonable 
for the scene



Feature Identifiabilityy

Model fit onlyy
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Feature Identifiabilityy

Polarization inconsistencyPolarization inconsistency
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Feature Identifiabilityy

RCS inconsistencyRCS inconsistency
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Feature Identifiabilityy

RCS inconsistencyPolarization inconsistency RCS inconsistencyPolarization inconsistency
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Summaryy

• Studied identifiability of canonical scattering 
features for various apertures
– Monostatic linear and nonlinear
– Bistatic nonlinear

• Characterized feature “confusion matrix”
– Anisotropic scattering shape only
– Polarization

RCS i t– RCS consistency
• Useful information for higher level reasoning 

about scene content or object recognition
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about scene content or object recognition


