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Preface
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• Goals:
• Discuss radar clutter, clutter 

modeling, and impact on radar
detection

• Discuss radar clutter mitigation 
leveraging multidimensional 
degrees of freedom (DoFs)

• We have ½ hour, plus 15 minutes for 
Q&A…

• I’ll use aerospace radar to
motivate our discussion

• Surface radar systems are a
special case where platform
velocity and height go to
~zero



• Introduction
• Radar clutter
• Detection processing and metrics
• Space-time adaptive processing
• Summary

Topics



• Radar systems strive to achieve noise-limited detection performance  maximize 
signal-to-noise ratio (SNR)

• Radar systems employ complex designs to mitigate radio frequency interference 
(RFI) and clutter  maximize signal-to-interference-plus-noise ratio (SINR)

• Exploiting radar degrees of freedom (DoFs) is a central
• Spatial frequency, polarization, fast-time, multi-pass
• Waveform attributes
• Resource management

• SNR >= SINR
• “One person’s clutter is another’s target”

• For this discussion, we’ll stick with Doppler-spread ground clutter impeding target detection

Some Basic Radar Comments
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Coherent Radar Signal Processing
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Combine thousands of voltages collected using a pulsed, multichannel sensor to detect (1) moving targets, (2) image 
fixed targets, or (3) determine changes in a scene from a prior pass   sophisticated algorithms generate radar product

Our present focus
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Multidimensional Radar Signal Processing [1-2]
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Clutter-Limited Detection [2-10]
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• Doppler-spread mainlobe clutter masks slow moving 
targets, sidelobe clutter degrades detection of targets at 
higher range rates

• Stationary clutter response is coupled in angle and 
Doppler

• Specifying angle uniquely specifies Doppler and vice 
versa

• Detection statistic objective: discriminate the target’s 
angle-Doppler response from that of the stationary 
clutter background
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The Radar Data Cube
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Space-Time Signal Vector
Response of pulse-Doppler array to a unity amplitude signal with a specific direction of arrival and Doppler frequency
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Angle-Doppler Characteristics for Side and Forward Looking Arrays 
Side-Looking Array Radar (SLAR) Forward-Looking Array Radar (FLAR)
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Multi-Channel Airborne Radar Measurements (MCARM) [13]

MVDR spectrum for MCARM simulation 

Measured MCARM MVDR spectrum 
estimate, training bins 200 to 300

Measured MCARM MVDR spectrum 
estimate, training bins 350 to 450

24 Channel, L-Band Radar
Mounted on BAC 1-11
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Multipath from port-mounted
radome struts



Clutter Sigma Zero and Reflectivity*

Grass (Ulaby)

-40
-35
-30
-25
-20
-15
-10
-5
0
5

10

0 10 20 30 40 50 60 70 80 90

Grazing Angle

G
am

m
a 

(d
B

) L Band

S Band

C Band

X Band

Ku Band

Trees (Ulaby)

-40.00
-35.00
-30.00
-25.00
-20.00
-15.00
-10.00
-5.00
0.00
5.00

10.00

0 10 20 30 40 50 60 70 80 90

Grazing Angle

G
am

m
a 

(d
B

) L Band

C Band

X Band

Ku Band

Wet Snow (Ulaby)

-40

-35

-30

-25

-20

-15

-10

-5

0

5

10

0 10 20 30 40 50 60 70 80 90

Grazing  A ng le

L Band
S Band
C Band
X Band
Ku Band

Reflectivity

* Compliments of Dr. Byron Keel, Georgia Tech Research Institute13
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FOPEN Radar Range-Doppler Comparison
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• Active targets (repeaters) in exo-clutter regions
• Radar saturates at near ranges
• Key element of knowledge-aided clutter mitigation techniques [12]
• FOPEN = foliage penetrating

Measured Data, 128 Pulses Prediction, 128 Pulses



Generic Radar Detection Processing Architecture
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SINR Loss [6-8,11]
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The Maximum SINR Weight Vector [2-9]
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Signal and I+N snapshots: ,

Target signal: ( , );  / 2
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SINR Loss Examples
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Requirements to generate simulated response:
• Precise knowledge of platform velocity vector
• Platform pitch, roll and yaw
• Measured array normal
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** See [12, 14] for additional info on heterogeneous clutter and solutions
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Space-Time Adaptive Processing (STAP)
Space-time adaptivity enables simultaneous clutter and RFI 
suppression (Detection of interference-limited, moving targets)

Clutter Ridge

RFI

PSD

STAP Response

Clutter Null

RFI Nulls
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• Clutter  returns that are target-like, but aren’t the target of interest
• We talked about reflections from objects on the Earth’s surface as viewed by an airborne or 

spaceborne radar (a.k.a., ground clutter)
• Ground clutter exhibits coupling in angle and Doppler, whereas moving target 

response has uncoupled angle and Doppler
• Radar systems incorporate complex mechanisms and approaches to mitigate the

impact of clutter on system performance
• Signal processing, antenna design, access to radar DoFs STAP

• STAP is a super-resolution technique; performance is often exceptional
• Alternative approach is to resolve the target relative to the background clutter  this approach 

requires more bandwidth, time, and complex processing
• Ground clutter can be very complicated  spatially-varying clutter, clutter 

discretes, dense moving targets (heterogenous clutter impacts detection
performance [14])

Summary
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Questions?
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Relevant IEEE AESS Paper
• A result of author’s musing after American 

Mid-Band Initiative (AMBIT) participation
• Discusses radar system reliance on spectrum
• Provides perspectives on using radar degrees 

of freedom (DoFs); emerging, configurable 
radar systems; and, decision support to 
harmonize radar’s use of spectrum (cognitive 
radar)
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