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Airborne detection geometry

and Signal Subspace

Data Cube at a receive array for a 

Coherent Processing Interval (CPI)
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Data Format 
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Interference Training data:

Received I/Q samples from data cube rearranged in the following manner
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Statistical Model for Test

 and Training Data

( )

( )

( )

0

1

1 1 1

0

1

, :

[ ]
, : [ ] 0

, :
[ ]

, :

c P

H

c P

(N -M)×P

c

c

N H

Vec
N Vec H Tr

N H
Vec

N H

 


  
     

  






K

K

0 I R

AZ
I R A A

0

0 I R
Y

0 I R

( )

1 2

( )

; ; (Test Matrix)

; ; (Training Vectors)

N P M P N M P

N K M K N M K

C C C

C C C

  − 

  − 

  

  1 2

Z Z Z

Y Y Y

Data Vectors

Statistical Model



5UNCLASSIFIED

Wilks’ Lambda Test for 

signal detection in unknown interference
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Wilks’ Lambda Test:
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Interference 
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Distribution of

 Wilks’ Lambda Statistic 

Rank 1 signal model for Alternative Hypothesis

Signal-to-interference-plus-noise 

ratio

Product of statistically independent central beta 

distributed random variables
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Subspace version of the

 Wilks’ Lambda Test 

In STAP applications, the number of degrees of freedom (N) is typically large 

compared to signal subspace dimension (M)

Direct application of Wilks’ Lambda test to STAP is not very useful

Need a signal subspace version of the Wilks’ Lambda Test

All data resolved into signal subspace component and interference-plus-

noise only components (contains no signal)

Use the training data and the test data from the interference-plus-noise only 

subspace to estimate and suppress the interference component in the signal 

subspace 
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Subspace version of 

Wilks’ Lambda Test 

Schur complement of 

In S        

Conditional mean of Z1 given Z2
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Distribution of subspace version of

 Wilks’ Lambda Statistic 

Signal-to-interference-plus-noise 

ratio
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Analytical expressions for 

PD and PFA

 

R. S. Raghavan, “Performance comparison of two subspace based GLRTs for rank-1 signal detection in 

unknown interference with multiple observations,” IEEE Transactions on Aerospace and Electronic 

Systems, Vol. 59, No.1, pp. 418 -  433,  Feb. 2023.
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Invariance to transformations of data 
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Maximal Invariant Statistic

R. S. Raghavan, “Maximal Invariant Statistic for subspace signal detection in 
Unknown Interference with multiple observations,”  IEEE Transactions on 
Aerospace and Electronic Systems, Vol. 60, No.2, pp. 2422 – 2427,  April 2024. 
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Wilks’-Lambda 

test

Subspace 

version of 

Wilks’-

Lambda test
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Summary

• Subspace version of Wilks-Lambda test derived for STAP

    (N >> M).

• Test used to detect a subspace signal in unknown 

interference for multiple observations.

• Test statistic shown to be expressed in terms of maximal 

invariant statistic - required for Constant False Alarm Rate 

(CFAR) property.

• Inverse of test statistic shown to be expressed as a product 

of statistically independent central beta random variables 

(rvs).

• Analytical expressions for probability of false alarm derived 

by expressing product of rvs as a mixture of independent 

central beta rvs. 

• Similar approach used to derive expressions for probability 

of detection. 
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