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Outline 

ÅObjectives 

ÅRadar signal processing and DoFs 

ÅKey example: array processing 

ÅAdaptive architectures 

ÅWideband arrays 

ÅExample results 

ÅSummary 

ÅReferences 
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Objectives 

Å Understand the basics of adaptive interference mitigation for 
radar 

Å Highlight the fundamental radar measurements and their utility 
in interference suppression 

Å Describe typical canceller architectures 

Å Consider spatial nulling as a primary example 

SBR AWACS 

UAV 

JSTARS 
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Radar Signal Processing 
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Combine thousands of voltages collected using pulsed, multichannel 

sensor to detect moving targets or image fixed targets Ą sophisticated 

algorithms generate the radar product 
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Radar Measurements 

Å Amplitude 

ï Fast-time Ą generally, basis for detection 

ï Slow-time Ą indicates target Doppler frequency 

ï Spatial  Ą indicates target direction of arrival 

Å Time-delay 

ï Fast-time Ą range 

ï Slow-time Ą variation yields Doppler frequency 

ï Spatial Ą variation yields spatial frequency or direction or arrival 

Å Polarization 

ï Linear Ą HH, VV, HV (VH reciprocal for passive targets) 

ï Circular Ą LR, LL, RR (RL reciprocal for passive targets) 

Å Multi-scan 

ïNon-coherent Ą clutter map 

ïCoherent Ą change detection 

Exploiting the radar measurement space is the key to improved detection and imaging 
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Processing Flow Diagram 
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Signal-to-Noise Ratio (SNR) [1] 

Å Radar range equation 

ï Approximation 

Å Signal-to-noise ratio (SNR) 
characterizes detection performance 

ï Noise assumed white Gaussian 

Å Key parameters areé 

ï Power 

ï Aperture terms 

ï System temperature 

ÅNoise figure times standard 
temperature (290K) 

2 2

( , )
( , )

  4 4

t t eT
sp

in n rf

PG A
SNR G

N F Lr r

fq s
fq

p p

å õå õå õ
= æ öæ öæ ö

ç ÷ç ÷ ç ÷

t

T

in

n

rf

 Peak Power

G  Aperture Power Gain

,  Azimuth and Elevation Angle

 Slant Range

 Target Radar Cross Section

 Effective Receive Antenna Area

N  Input Receiver Noise

F  Noise Figure

L  RF Loss

t

e

P

r

A

f q

s

=

=

=

=

=

=

=

=

= es

 Signal Processing GainsspG =

For a fixed false alarm rate, probability of detection is a monotonic function of SNR 
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Detection in Colored-Noise [2-3] 

ÅBesides providing adequate power-aperture product, 
the aerospace radar system design must 
incorporateé  
ïA mechanism to suppress ground clutter returns 

ïJammer suppression capability 

ÅCollectively we refer to clutter and jamming signals 
as interference 

ÅDetection performance depends on the signal-to-
interference-plus-noise ratio (SINR) and specified 
false-alarm rate (threshold) 
ïSINR = SNR x clutter loss factor x jammer loss factor 

ïAlso, SINR <= SNR 

Å Interference-limited detection performance always 

less than noise-limited capability   

Å Drives system cost and complexity 
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Radar Detection: Common Observances 

ÅPD and PFA move together 

ïE.g., As the threshold decreases, PD and PFA  both increase 

ÅDecision rule operates in regions of conditional 

density overlap in an ñoptimalò fashion 

0( )| ( )x Hp xY 1( )| ( )x Hp xY

x 

h

PFA 

Larger SNR decreases overlap 

* Applies for white or colored noise 
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Receiver Operating Characteristic (ROC) 
Non-Fluctuating Target 
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Small changes in output 

SINR lead to big changes in 

detection performance 
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Signal Diversity Enhances Detection 

Å Spatial and temporal signal diversity enhances radar detection 
performance 

ï Signal diversity enables discrimination between target and 
interference 

Å Domains of interesté 

ï Spatial domain (angle) -> multi-channel array antenna 

ï Slow-time domain (Doppler) -> multi-pulse aperture 

ï Fast-time domain (range) -> sample at 1/Bandwidth 

Å Clutter exhibits coupling in angle and Doppler 

ïDifferences between clutter and target angle-Doppler responses 
enables detection 

ÅGround moving target indication (GMTI) 

Å Narrowband noise jamming is correlated in angle, white in 
Doppler 

Å Wideband jamming and jammer multipath correlated in angle 
and fast-time 
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Signal Diversity Enhances  

Detection Performance [4-9] 
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Summary of Key Metrics 
Metric Definition Comments 

Signal-to-noise 

ratio (SNR) 

Ratio of signal power to noise 

power 

Noise is uncorrelated, white Gaussian; input 

SNR at pulse and element level; output 

SNR includes integration gain and weighting 

Signal-to-

interference-plus-

noise ratio (SINR) 

Ratio of signal power to 

interference plus noise power 

Interference is colored noise, exhibits 

frequency preference; integration gain 

depends on interference type 

SINR Loss Ratio of SINR values under 

varying circumstances 

(usually between 0 and 1) 

Common definitions include ratio of (1) 

maximum output SINR to SNR, (2) output 

SINR between adaptive and optimal filters 

Improvement 

Factor (IF) 

Ratio of output SINR to 

single element input SINR  

Characteristic similar to definition #(1) 

defined in above line 

Probability of 

Detection (PD) 

Probability correctly choose 

alternative hypothesis 

Increases monotonically with output SINR 

Probability of 

False Alarm (PFA) 

Probability choose alternative 

hypothesis when null 

hypothesis is correct 

High false alarm rate degrades tracking 

performance, overwhelms computing 

resources, biases CFAR detection threshold  
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Summary of Key Metrics (Continued) 
Metric Definition Comments 

Clutter-to-noise 

ratio (CNR) 

Ratio of clutter power to 

noise power 

Calculated at input or output, integration 

depends on sampling characteristics 

Jammer-to-noise 

ratio (JNR) 

Ratio of jammer power to 

noise power 

Calculated at input or output, generally 

exhibits spatial integration gain 

Signal-to-clutter 

ratio (SCR) 

Ratio of SNR to CNR Calculated at input or output, suggests 

detection performance potential 

RMS Angle Error Root mean square value of 

difference between true and 

estimated target bearing 

Generally varies in proportion to the inverse 

square root of the output SINR 

RMS Doppler 

Error 

Root mean square value of 

difference between true and 

estimated target Doppler 

Generally varies in proportion to the inverse 

square root of the output SINR 

Floating Point 

Operations Per 

Second (FLOPS) 

Number of floating point 

operations for complex 

arithmetic 

Influenced strongly by particular 

implementation 


