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KASSPER

KASSPER challenge is to integrate this “basket of 
knowledge” into cohesive algorithms and a processor

Tree of Knowledge

Basket of
knowledge
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Outline

• Incorporating knowledge into algorithms

• Results with Tuxedo data

• Long CPI for enhanced MDV

• Radar modes and time critical targets

• Summary
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Representative GMTI Processing
(with knowledge)

Array

NGA

COMMERCIAL

DTED

ARCHIVED DATA (SLOW TIME) Other Concurrent Sensors

STAP Detect TrackFilter Display

Knowledge Database
SAR, DTED, Cultural Features
ELINT, SIGINT, Other radars

Feedback

Radar Controller
•Resource allocation
•Waveform
•Schedule
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Desirable Features for STAP Training

• Training statistics must match the cell under test
– Angle/Doppler relationship
– Clutter type (vegetation / mountain / desert )
– Power

• No targets in training

Train STAP in Range

TrainTrain

Range

DetectPulse
Compress

Doppler
Processing STAP Track
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Localized Training Impact

Range

TrainTrain

TrainTrain

Overnulled clutter degrades MDV

Range

Undernulled clutter degrades PD
and increases PFA
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 TrainTrain

TrainTrain

Targets in training set 
degrades PD

Range

Windblown clutter degrades MDV

Range
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SINR Loss in 50% Wind-Blown Clutter

Platform velocity = 150 m/sec
Altitude = 10 km
CNR = 35 dB
f0 = 10 GHz
PRF = 2 kHz
50% mixture (wind-blown & stationary)

Target in the clear (no foliage)
Train with 50% wind blown clutter from foliage

Train Train

Aperture = 10 feet

0 m/sec
5 m/sec
10 m/sec
20 m/sec

Wind Speed

Target in clear loss due to foliage training

Wind blown foliage training degrades performance in clear



MIT Lincoln Laboratory
KASSPER - 8

SIK

Regionalized Training
(No windblown clutter for targets in clear)

• Classify ground swath regions from NGA database
– Foliage
– No foliage
– Urban

• Train and apply STAP separately for each region

Foliage No Foliage



MIT Lincoln Laboratory
KASSPER - 9

SIK

Array

STAP Ideas

Detect TrackFilter Display

SAR, DTED, Cultural Features

Feedback

Radar Controller
•Resource allocation
•Waveform
•Schedule

STAP

Correct statistics for clutter cells in training set
•Power variable training with target excision (reasoning*)
•Deterministic covariance matrix loading or pre-whitening (knowledge)
•Train separately in foliage, non-foliage, urban, etc. regions (knowledge)

Removal of targets from the training set
•Feedback from tracker (knowledge)
•Avoid roads from training set when possible (knowledge)

Training cells based upon VMAP, SAR, clutter from previous GMTI passes, or DTED 
(knowledge)
Avoid anomalous clutter discretes from training (Ex: flash, saturation, etc.) (knowledge)

•Previous flights and passes contain a wealth of information on clutter discretes that 
have caused STAP training problems

*See ASAP 2004 and KASSPER workshop 2003 for details
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Array

Detection Ideas

Detect TrackFilter Display

SAR, DTED, Cultural Features

Feedback

Radar Controller
•Resource allocation
•Waveform
•Schedule

STAP

•Robust for convoys and individual vehicles* (reasoning)
•Reject detections near clutter discretes (knowledge)
•Do not include tracked targets in CFAR stencil (knowledge)
•Delete roads from CFAR stenciled when possible (knowledge)
•Adjust thresholds based upon: roads, off roads, max expected 
velocity, being tracked, staging area (knowledge)

*more on next chart
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Ordered Statistic CFAR

CFAR (A) CFAR (B)

CFAR
lesser (A,B)

Median CFAR
(ordered statistic)

Target?

Detects end 
targets

Robustly 
detects convoy

Ordered statistic (median) CFAR is robust for convoys and individual 
vehicles (reasoning)
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Tracking (with knowledge)

STAP Detect TrackFilter Display

Knowledge Database
SAR, DTED, Cultural Features
ELINT, SIGINT, Other radars

Feedback

Array

•Track and identify clutter discretes for feedback to STAP, Detector 
and for future flights (create knowledge)
•Improve target to track association (reduce track swapping)

•Select radar mode to resolve track ambiguity* (reasoning)
•Look ahead scheduling based upon visibility (knowledge)

•Weed out false alarms
•Better false alarm control by detector

*More at end of presentation on tracking time critical targets
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KASSPER GMTI Signal Processor

STAP Detect TrackFilter Display

Radar Controller

Antenna

RADAR SIGNAL PROCESSORS

Feedback

Pre-Mission 
Planning

• Select region
• Pre-process 

cultural data
• DTED
• VMAP
• Imagery

Load 
Mission 
Discs

BENEFITS
• Efficient use of radar 

resources 
• Look ahead scheduling

• Better clutter nulling
improves performance

• Lower false alarms from 
inhomogeneous clutter

• Higher detection probability
• Lower minimum detectable 

velocity

Pre-Mission
(on ground)

Data rate:250KB/S
warping Data rate:40MB/S

Clutter ridge loc
Regions
Discretes
Target tracks

Roads

Data rate:<1 MB/S
Visibility
Target tracks

Data rate:<1MB/S
Target tracks

Data rate:32MB/S
Target tracks

Roads
Discretes
Trafficability

Data rate:32MB/S
Target tracks

Roads
Discretes
Trafficability

Discrete
Proximity

RasterizationResampling

Road
Crossing

KNOWLEDGE PRE-PROCESSOR (1 of 25)

DTED

VMAP
Target

Proximity

Terrain
Type

Trafficability
Type

Coordinate
Transformation

Doppler Warping,
Clutter Ridge

Knowledge 
Cache

• VMAP & DTED
• 43MB
• 100x100km tile

During Mission

STAP Detect TrackFilter Display

Radar Controller

Antenna

RADAR SIGNAL PROCESSORS

Feedback

Pre-Mission 
Planning

• Select region
• Pre-process 

cultural data
• DTED
• VMAP
• Imagery

Load 
Mission 
Discs

BENEFITS
• Efficient use of radar 

resources 
• Look ahead scheduling

• Better clutter nulling
improves performance

• Lower false alarms from 
inhomogeneous clutter

• Higher detection probability
• Lower minimum detectable 

velocity

Pre-Mission
(on ground)

Data rate:250KB/S
warping Data rate:40MB/S

Clutter ridge loc
Regions
Discretes
Target tracks

Roads

Data rate:<1 MB/S
Visibility
Target tracks

Data rate:<1MB/S
Target tracks

Data rate:32MB/S
Target tracks

Roads
Discretes
Trafficability

Data rate:32MB/S
Target tracks

Roads
Discretes
Trafficability

Discrete
Proximity

RasterizationResampling

Road
Crossing

KNOWLEDGE PRE-PROCESSOR (1 of 25)

DTED

VMAP
Target

Proximity

Terrain
Type

Trafficability
Type

Coordinate
Transformation

Doppler Warping,
Clutter Ridge

Knowledge 
Cache

• VMAP & DTED
• 43MB
• 100x100km tile

During Mission

New with KASSPER
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Outline

• Incorporating knowledge into algorithms

• Results with Tuxedo data
– Jacob Griesbach et. al. - ASAP 2004

• Long CPI for enhanced MDV

• Radar modes and time critical targets

• Summary
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Tuxedo Data
Recorded Data

CAMP NAVAJO 
ARIZONA

SABRELINER 60 ANTENNA ARRAY

System Parameters
for GMTI Mode

System Parameters
for GMTI Mode

9.6 GHz
66 MHz
1,400 Hz
1
3
1.83 m
0.18 m
3.6 deg
9.1 deg
HH
290 deg
15 deg
40-60 sec

Center Freq.
Bandwidth
PRF
Tx Apertures
Rx Apertures
Horiz. Aperture
Vert. Aperture
Az BW
El BW
Polarization
A/C Heading
Depr. Angle
Recorded Time

×
×

×
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Scale training samples
to estimated CNR for Tile

1<β

Adjust Clutter Power

IXXR λβ +⎟
⎠
⎞

⎜
⎝
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Training samples

Tile M powerβ = 
Training powerRange
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Select strongest clutter returns 
as candidate training samples

Excise samples away from
clutter ridge (potential targets)

Angle of Arrival
D

op
pl

er

Power Selective Training Excision
Training samples

Power Variable Training
(ASAP 2004 and KASSPER 2003)

TRAINING SAMPLES

• No windblown clutter for targets in clear

• Right angle-Doppler relationship for clutter

• Eliminate targets from training data

• Correct clutter power
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Included in Tuxedo Results

Detector
•Ordered statistic (median) CFAR (robust for convoys and individual vehicles) (reasoning)
•Reject detections near clutter discretes (knowledge)
•Do not include tracked targets in CFAR stencil (knowledge)
•Delete roads from CFAR stenciled when possible (knowledge)
•Adjust thresholds based upon: roads, off roads, max expected velocity, being tracked, 
staging area (knowledge)

STAP
Correct statistics for clutter cells in training set

•Power variable training with excision (reasoning*) 
•Deterministic covariance matrix loading or pre-whitening (knowledge)
•Train separately in foliage, non-foliage, urban, etc. regions (knowledge)

Removal of targets from the training set
•Feedback from tracker (knowledge)
•Avoid roads from training set when possible (knowledge)

Training cells based upon VMAP, SAR, clutter from previous GMTI passes, or DTED
(knowledge)
Avoid anomalous clutter discretes from training (Ex: flash, saturation, etc.) (knowledge)

Benefits Included in Tuxedo analysis
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Range-Doppler Image

(map cropped and stretched to match data)

Strong clutter 
discretes

Railroad 
track

Railroad 
train

(wheels)
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Power Variable Training Comparison
(detector output)

30 3 3 30Range:

Power variable training dramatically reduces false alarm rate

train

train tracks

false
alarms

vehicles

train

no
false

alarms

vehicles

Knowledge Aided Power Variable TrainingLocally Trained STAP

false alarms
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Power Variable SINR Loss Effects
(adjusts to local clutter power)

Range
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Tile “M”

Training

Power Variable Training Tiles

• Tile SINR loss approaches 0 dB 
as tile power decreases

• Significantly improved MDV for 
with small clutter power range Highest 

Power

Lowest 
Power

Clutter Ridge

K
now

ledge A
ided Pow

erVariable Training
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ROC Comparison

• Overall ROC curve illustrates performance increase
• Significant PFA benefits demonstrated
• Performance gain primarily from PFA

Knowledge Aided

Power Variable Training

Locally Trained STAP

Increasing
Performance

Incre
as

ing

Perf
orm

an
ce

Knowledge Aided

Power V
aria

ble Training
Lo

ca
lly

 T
ra

in
ed

 S
TA

P

15 CPI average
8 targets used for PD
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Windblown Clutter Training Effects

• Targets injected at 0.5,1.5, …, 5.5 m/s
• Tuxedo data used for STAP training
• Windblown training effects injected on right
• Windblown training causes null widths to widen
• Wider nulls reduce probability of detection
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Windblown Training Effects Movie

Windblown training reduces probability of detection for targets in clear 

Click for Demo
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Outline

• Incorporating knowledge into algorithms

• Results with Tuxedo data

• Long CPI for enhanced MDV
– Ali Yegulalp: ASAP 2004

• Radar modes and time critical targets

• Summary
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Targets With Low Radial Velocity

Detect and track with 
conventional GMTI

•No radial velocity
•Conventional GMTI fails
•Long CPI Processing
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Stationary Target Detection

Rayleigh 
clutter

Log-normal 
clutter
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Matched Filter Detector

Log-normal clutter, 
moving target smeared 

over N pixels

N=5

Clutter More Gaussian

Rayleigh 
clutter

N=2
N=1

N=20
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ALMF - Amplitude Limited Matched Filter 
(Sub-Optimal Detector)

Rayleigh 
clutter

N=2

N=2

N=5

N=5

N=20

Long CPI enables detection of along track targets

Optimal Detector
(not realizable)

ALMF Detector
(realizable)

Moving target 
smeared over N

pixels

Clutter More Gaussian
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Outline

• Incorporating knowledge into algorithms

• Results with Tuxedo data

• Long CPI for enhanced MDV

• Radar modes and time critical targets

• Summary
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Waveforms for Time Critical Targets 
(Many Waveforms or Modes Needed)

Track Surveillance Radar mode Purpose
GMTI (narrowband) Track target while doing broad area surveillance
GMTI (wider band) Resolution for targets near confusers & Improve MDV. 
Low velocity, SAR like, GMTI Further improve MDV for low radial velocity target
HRR GMTI ID target when near confusers
ISAR ID 
SAR (Strip) Search for lost target over a wide area
SAR (Spot) Locate stopped target
IFSAR Measure height of ground for targeting

• Operator selects a target track as a “top priority” target
• Scheduler selects appropriate mode for uninterrupted tracking
• Pre-Mission planning selects the appropriate KNOWLEDGE data

– DTED     -- VMAP     --Imagery    --Clutter discretes   --etc.

Political (line) Trees (area) Roads (line)

Sample
VMAP
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Knowledge to Enhance Waveforms

Track Surveillance Radar mode 1 2 3 4 5
GMTI (narrowband) STAP/DET DET STAP STAP/DET STAP/DET
GMTI (narrowband) STAP/DET DET STAP STAP/DET STAP/DET
GMTI (wider band) STAP/DET DET STAP STAP/DET STAP/DET
Low velocity, SAR like, GMTI change det
HRR GMTI
ISAR
SAR (Strip)
SAR (Spot) change det
IFSAR
IFSAR mapping

Dynamic Scheduler
Prioritize missions (targets and region)
Compute visibility vs time for critical targets Preprocessed*
Select radar mode and beam location vs time
Identify utility of data for multiple modes

* Use best DTED available but mission planning processor will dramatically reduce the required cache disc
cache

KNOWLEDGE

TracksDTED
Political 

Boundary
Roads, 
train 

tracks

Trafficab
ility

Foliage, 
Urban, etc.

Shadowing 
(buildings 

etc.)

Clutter 
discretes 

(towers, etc.)

Prior 
SAR 

Images

•Cache: rapid access needed
•Disc: slower access times are fine

Preliminary
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Outline

• Incorporating knowledge into algorithms

• Results with Tuxedo data

• Long CPI for enhanced MDV

• Radar modes and time critical targets

• Summary
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Summary

• GMTI surveillance
– Knowledge and Reasoning incorporated into STAP, 

Detection, and Tracking
– Benefits demonstrated with the Tuxedo data
– Processor architecture identified

• Long CPI: Practical algorithm for targets with low 
or no radial velocity

– Exploits smearing across SAR pixels
– Solid theory developed
– Ready to test with data

• Time critical targets 
– Requires many modes to maintain continuous track
– Most of these modes will benefit from knowledge and 

reasoning
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Kilimanjaro

Basket of
knowledge 
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• backup
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408332_M_2Y.ppt
PM 3-22-2004

Key KASSPER Knowledge-Aided 
Processing Benefits
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Comparison Movie – Vehicle Clusters
Click for Demo




