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shington, DC

Knowledge-Assisted STAP Analysis
Using Measured Airborne Radar Data

William L. Melvin and Daren J. Zywicki
Georgia Tech Research Institute
Sensors & Electromagnetic Applications Laboratory
(Voice) 770-528-3274
bill. melvin@gtri.gatech.edu
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1% Outline
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e Background

— Objectives of aerospace radar STAP
— STAP’s limiting factors

e A taxonomy of space-time clutter heterogeneity
« Impact of clutter heterogeneity on STAP performance

 Examples of clutter heterogeneity in the Multi-
Channel Airborne Radar Measurements (MCARM)
database

 Knowledge-Assisted STAP
— Overview

— KA-STAP examples
o KA-STAP implementation issues

—Georgia | Research
Tech | [nstitulte Bill Melvin 770-528-3274 bill.melvin@gtri.gatech.edu
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f*& Goals of STAP
- KRSSPER

EEEEEEEEE AIDED SENSOR SIGNAL PACCESSING

e &, EXPERT REN:

A1 RERSONING
Workshop—02 + Washington, DC

« Significantly improve detection of “weak” targets
— Low RCS and/or slow-moving targets
» Endo-clutter detection
e Overcome diffraction-limited system performance
— STAP is a member of the class of super-resolution algorithms
* Provide more effective use of radar system resources
— Enhance search rates by minimizing dwell time

—Georgia
Tech  Institute

slide 3



33 “Traditional” STAP in Aerospace Radar
- KASWER

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

. Epr0|t digital signal processing capability and advanced algorithms to improve
automatic detection and bearing estimation of surface and airbreathing threats

— Stringent requirements (clutter, Jammlng) “Mass for MIPs” paradigm

—————————————————————————————————————————————————————————————————————

Select STAP | _
i = Bearing
¢—— T <
E S\t/eermg .| Estimation
- Multi-Channel ector :
Array Maximizejoutput SINR!
v P
\& PDI and

» STAP —-——» CFAR —— Detection —>

T N

Select STAP Covariance . |Select CFAR
Training [~ : —® Training
Estimate :
Data ; Data

—Georgia Research

Tech | [nstitulte Bill Melvin 770-528-3274 bill.melvin@gtri.gatech.edu
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K{?ﬁ Limiting Factors on STAP Performance
- "a

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

e &, EXPERT REASONINI
* Wa:

NING
Workshop—02 + Washington, DC

e System design
— Subarraying, A/D bits, timing
errors, channel match, non-
dispersive errors, etc.
* Nonstationarity [1-5]

— Variation in angle-Doppler loci
due to sensor geometry

 Bistatics, space-based radar,
non-sidelooking and
nonlinear arrays

» Antenna pattern taper
— Space-based radar

o Clutter heterogeneity [6-9]

— Variation in space-time clutter
behavior over range as a result <
of changing cultural features

Heterogeneity and Nonstationarity

Target-like Variation in
signals. clutter locus

Amplitude
‘ ~ variations

<«— Doppler —

—Georgia | Research
Tech | [nstitulte Bill Melvin 770-528-3274 bill.melvin@gtri.gatech.edu
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£ 78 Performance Expectations

- KRSSPER
Ideal Airborne Radar
Interference Mitigation Example
_ o Output SINR Loss

Noise-Limited — + — >oﬁKTM ——— =
Optimum = = = = = =|— = = - =

8 11 |

s STAP - [

g (ild Secondary !

= Data) dB | :

o) !

g |A="? TV

Q " STAP w 11
(Heterogeneous Pad ;;
Secondary Data) | © = oo reeen, i?

/ —  STAP i
Competlng < 0 20 20 50 0 100 120
Approaches Doppler Bin
—Georgia
Tech ﬂﬁ@"@@]ﬁ@ Bill Melvin 770-528-3274 bill. melvin@gtri.gatech.edu

slide 6



A

£ Generic (Space-Time) Signal Processor

- KAs. -cR
““““““““ : 'Exﬂéﬂ'iﬁ.‘%ﬂﬁ'.‘ﬁé;"“”"“ - . . .
E'xk:“ :Xk: 2 >$ N X\
X, :Bxk.z,l | A 22 | A o

Exk:lvu xk M2 x< M,NE

Signal Power _ EBwsYasH - wiRw, |

SINR = ,
Interference +Noise Power E Y/, ., Viou H  WiRi, W,

Ron, =E @(WHOXSHOE: Clairvoyant Interference+Noise Covariance Matrix;
Rys = E BkysXes H= Signal Covariance Matrix;

H
| = SINlek _D Rk/ku U Wk/optRk/ku/opt U
s,2 H
SINR|Wk/0pt kRk/HoWk ﬁwk/optRk/H WViopt ﬁ

N

— -1 o — -
Wk/Opt - IJRI( SS-t VerSUS Wk - mk :k/S-t

—Georgia

Tech ﬂﬁ@"lﬂ{mﬂﬁ@ Bill Melvin 770-528-3274 bill.melvin@gtri.gatech.edu
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shop—0:

—Georgia

slide 8

Vs Adaptlve Versus Optimal Performance

aaaaaa

= Washingt:

Adaptive: Generally assumes IID training data

Maximum Likelihood
Estimation a la RMB
Rule (2xDoF rule)

v
— X, —> W, =RV,

—> Y,

— 1
k s-t

Y,
Optimum: Known
clutter statistics

Tech [Im@thiﬁm]{h@

Bill Melvin 770-528-3274 bill. melvin@gtri.gatech.edu



Kf% Measures of Performance
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» In the Gaussian case, SINR relates directly to P, and P,
— Convenient and instructive to consider SINR Loss as a key metric

SINR (y51ﬁl ) — ?NR(ys2 |:?'s,l( yyﬂi} |:9'3,2( %’ﬂi?
>

4 4
“ »

SINR Loss

¢ SINR loss due
to colored noise

—10f i A ne

Eg, -| , | | :
s dB points;\ YA | S ] | Determines noise-limited
o a0l 1 ® detection performance
T [y S Y A S S
z §| z z z >
a0k | SINR degradation due to ®
, | | | estimation losses
=50 MDV neg. LT« S— \ o _ _ _
1 | I | MDV = minimum discernible velocity
_ ' | R L R
60—100 ~50 0 50 100 O<L,,, L, =1
—Georgia | Research )\% -i
Tech | [nstitulte Bill Melvin 770-528-3274 bill. melvin@gtri.gatech.edu %...fr o
slide 9 :1»—*"



47 Relationship Between SINR and P,

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
MING

S PFA:1e—006
- - PFA—le—OOS | _ |
osgl - - PFAZO.OOOl ............. SSTTIRIC VY SV TR i

(nonfluctuating target) P.=0.69
; 5 oo

1)) T i fle -
SINR Loss = 2.5 dB . |
0.4l _Po from 0.69 to 0.15!! A T S |

Probability of Detection

0.2f worvrees ------------------------- Lo fo s SRR
| : Pp=0.15

0 B et f
-10 0 10 “., 20 30
SINR (dB) i
SINR Loss

—Georgia
Tech | [nstitulte Bill Melvin 770-528-3274 bill.melvin@gtri.gatech.edu
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£

Taxonomy of Clutter Heterogeneity [6-7]

- KASSPER
Type Some Causes Impact
Amplitude Spatially varying clutter Inadequately nulled
reflectivity, shadowing, clutter, increased Pfa
edges
Spectral Variable ICM (e.g., Inappropriately set filter

windswept fields,
undulation of waves)

notch, uncancelled
clutter, degraded MDV

CNR-Dependent
Spectral

CNR’s influence on
spectral spreading
mechanisms

Inadequately nulled
clutter, degraded MDV

Moving Scatterers

Ground/air traffic, weather

Signal cancellation,
distorted beam, exhausts
DoF

Some other effects

Chalff, hot clutter,multi-
bounce/path

Combination of above

—Georgia Research

Tech  [nstitute

slide 11
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S & . .
Kfs:?%n Multichannel Airborne Radar Measurements [13]

EEEEEEEEE AIDED SENSOR SIGNAL PACCESSING

—_—

A1 RERSONING
Workshop—02 + Washington, DC

MCARM

= Objective: Prove the performance
potential of STAP via airborne data
collection and analysis.

MCARM System Parameters

[ _< * L-band transmit frequency
—< * 15 kW peak transmit power
8 & & & ﬁl 8' °£.| g 3 ﬁl 9.| of of < O o * Variable PRF (0.5kHz, 2kHz, 7kHz)
o of of of of o o of o o of g g2 ©
EERERERRREEEERENS o o e R .
SRR EEEEEEEEEREEERE * 0.8 microsecond range resolution (120 m)
—q « 0.8 MHz receiver bandwidth
» 7.5 degree Tx beam or “blob” (3x) pattern
—< for broad coverage
§I § EI ﬁl ﬁl §| gl g gl gl E‘l i I I gl @ » 1.25 MHz IF center frequency
= =1 = = = =1 =1 =1 =1 =1 [ §| = §I = 8 _< * 5 MHz IF sampling rate (4x oversample for
=B EEEEEEEEEEEEE Digital 1Q)
— * Test manifold for channel balancing
* Range measured steering vectors
LLITTTTTTITTIIIT =9 |-32subarmays
| " » 24 receivers (sum, delta, 11 over 11 planar)
| Rx I * » 128 radiating elements total (32x4)
———————————— ] > A e 1 acquisition = 1 CPI
—Georgia
Tech | [nstitulte Bill Melvin 770-528-3274 bill. melvin@gtri.gatech.edu
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>/ Proving G . d-]-
A LN L.
£
- % :
- i \v/
A5 , S
- N
> . ;
¢ \
o POWER VS. RANGE, SUM CHANNEL, MCARM FLT. 5, ACQ. 575
compressed Tx leakage
/ R4 STC w/ blanking
De. River
-30f \M“M‘ %me * |
dB“‘)M‘“L “‘J b Wbl ) ‘“u :
N/ {y,
-s0| | WM ‘W WJ 4
ool VM,/ i
I
-70( ‘q&
Slant Range (mi)
—Georgia
Tech | [nstitulte Bill Melvin 770-528-3274 bill.melvin@gtri.gatech.edu
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MCARM Flight 5, Acq. 575

—_—C e
Workshop—02 + Washington, DC

MCARM Data, Periodogram Simulated Data, PSD

SIMULATED POWER SPECTRAL DENSITY

VELOCITY (m/s)
dB
VELOCITY (m/s)

-100

-120

-80 -60 -40 -20 0 20 40 60 80
ANGLE (Degrees) ANGLE (Degrees)

A deterministic, highly predictable component is present...

—Georgia
Tech | [nstitulte Bill Melvin 770-528-3274 bill.melvin@gtri.gatech.edu
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VS -
- KASSPER

A1 RERSONING
Workshop—02 + Washington, DC

SINR Loss (MCARM Flt. 5, Acq. 575)

MCARM Flight 5, Acquisition 575

)Y T
xv‘%{\)\/\r’w
_5.\/\J N AR
o] SUTITIRAR IR
T A\
%) 5 5
B =20 i :
— : .
o / :
A :
0 Simulated :
O -30F Do pe MR :
L : : :
= : : :
L35} i e N s —200:300 | ERRINEE
= ; — 301:400 :
B —40f s SEREIRIN | B R — 401:500 |- SR
: 501:630 ;
=45 SRR B R Simulated | R
) R ) Y O T — S— e
-100 -50 0 50 100

VELOCITY (m/s)

Simulation precisely matches MCARM mainbeam clutter Doppler frequency and
relative shape. However, characteristics of measured data varies wildly over range!

—Georgia kS 4
Tech | [nstituls Bill Melvin 770-528-3274 bill. melvin@gtri.gatech.edu {r 7
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ﬁ Range-Doppler Map (MCARM Flt. 5, Acq. 575)

KNOWLEDGE-HOED SENEDR SIGNAL PAOCESEING
& EXPERT REASONING s

Wurlullop— 02 = Washington, DC

—Georgia
Tech ﬂﬁ@fﬂﬁﬂ]ﬂ@ Bill Melvin 770-528-3274 bill.melvin@gtri.gatech.edu
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VELOCITY (m/s)

dB

=50

-60

=70

MCARM, FLT. 5, ACQ. 575, SUM CHANNEL
AT ST LS LT : ;

10 20 30 40 50

SLANT RANGE (km) Anticipate d
/ Power Level

~30 dB

0 10 20 30 40 50 60 70

SLANT RANGE (km)
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£ MCARM Flt. 5, Acquisition 575

- KASSPER SINR Loss for Varying Sample Support

e &, EXPERT REN:

A1 RERSONING
Workshop—02 + Washington, DC

MCARM Fit. 5, Acq. 575, FTS

ESTIMATED SINR LOSS (dB)

Il Il
50 100

Il Il
-100 -50

0
VELOCITY (m/s)

» Significant SINR loss with varying
sample support

[ Each training window has 50 samples

-"Window slides 20 samples per curve

MCARM Flt. 5, Acq. 575, FTS

-10

Zoomed View!

ESTIMATED SINR LOSS (dB)
N
al

_30k
. — 200:250
Targets in the secondary data ss| 220270
(TSD) affect covariance a0 T e0930
estimate, lead to SINR loss... 5|
260 ~40 20 0 20 20 60
y VELOCITY (m/s)
Uprteriseisiaceitionaifoss!
—Georgia
Tech | Institule Bill Melvin 770-528-3274 bill. melvin@gtri.gatech.edu
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(@a KA-STAP Architecture

- KASSPE
Select STAP
e Steering |[€—
Vector
v

e &, EXPERT REASONING

Workshop—D02 + Washington, DG

STAP Data
» Cluiter Normalizationl
Data Mitigation
Screener A
@ ' Traditional |Select STAP |
i Steering [d———
* * Multi-Channel ueclal
.. : Array |
Training : D> i
— Das s Cpece|  H i
Selection | D> > AP g
4 > T i
J >
Feedback i |Select STAP Covariance 5
i | Training [ :
From Detector, | Data Estimate |
KASSPER Specific Other Sensor Data T ,,
—Georgia | Research '
Tech | [nstitulte Bill Melvin 770-528-3274 bill. melvin@gtri.gatech.edu
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& EXPERT REASONING
Workshop—02 « Washington, DC

Careful selection of training data
enables target detection! T X y
J Q/ Pre-Process f——>STAP [
Rt. 15 MB, Hwy 301 SL ‘ f :
| ’ rd05057‘5 (MCARM,‘Acq 575), ?oppler 10 (‘42 mph) | | ; o COV
30} : : [ — 2xDoF Sliding Window | _8 Tralnlng .Data — Matrix
_ 1.E Selection Estimate
g =
Z o)
| .£
e
1‘4 1‘5 1‘6 1‘7 1‘8 1‘9 2‘0 2‘1 N . A Prlorl
Slant Range (miles) U) Data CUIIIng
- Knowledge
20k ‘ V ‘ ‘ ‘ ‘ \; 2xDoF l\)lostHomogJeneousL % ‘
5 ] -g - Ao oooooooooooooooooooooooooooooooooooo
] | ©
o
o Selected notes: Injected target has
PHRE S S S S NS S 1+ SNR = -2.1 dB single channel/pulse
Slant Range (mies) . 8 (integrate 128 pulses and 22 channels);
injected target signal-to-clutter
Injected target ratio = -51 dB single channel/pulse.

—Georgia

Tech | [nstitulte Bill Melvin 770-528-3274 bill.melvin@gtri.gatech.edu
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S &
i*&i

ldentifying

{ Acg. 575, éroadside.,:"Doppler 1(;';':4xDoF $iiding V:V'indow

S

Groun
Q

rd050575 (MCARM, Acq 575), Doppler 10
14 T T T T

12+

GIP,Y

10

Selects 2xDoF Homogeneous Samples

+ Upper/lower thresholds

30 » A ? B T T ‘! ]
28l i Toooey I B
26 i ' ; : Ranked Number
: :-: ; Selected Homogeneous Ranges, rd050575 (MCARM, Acq 575), Doppler 10 (42 mph)
2 7 ::; :: N 24 T T T T T T T T T
; v HE A axx”
: i ; 22
22|y iy - Rt. 9 MB—»
= v 4 ,,,,,,,,,,,,,, > y sl . XX X |
T20 [ \ 4 : - XX
> ' V x %
il | gul 4=Ris.9,13SL
‘E; .- 4=Rt. 15 SL, Rt. 71 MB
16| & 16F o : i
14t “r 4= Rt. 15 MB, Hwy. 301 SL I
12+ g : 2r : i
SL = sidelobe, MB = malnbear{] Hwy. 301, Rt. 330
10 | | T T T T 10$ I I I I I I I I
0 5 10 15 20 25 30 35 40 45 50
10 15 20 25 30 35 Training Sample Number
Range (miles)
—Georgia Research Y
Tech | Institule Bill Melvin 770-528-3274 bill.melvin@gtri.gatech.edu ‘\Er
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£ Moving Targets in Training Data
- KASSPER

DDDDDDDDD AIDED SENSOR SIGNAL PACCESSING
—_— —

EXFERT RERSONING
Workshop—02 + Washington, DC

Observe “null” in look-direction of 0.9 deg.

Acqg. 575, Dop. 10 (42 mph), 200:300

Acg. 575, Dop. 10 (42 mph), 301:400

0
loss!

dB

=50 : ; : ; : -50 ; ; : : :
-60 -40 -20 0 20 40 60 -60 -40 -20 0 20 40 60
Azimuth Angle (deg) Azimuth Angle (deg)
Acq. 575, Dop. 10 (42 mph), 401:500
0 . . : . :

Acg. 575, Dop. 10 (42 mph), 501:630
0 . . . .

-60 -40 -20

: : : -50
0 20 40 60

-60 —4.0 —2.0 0 2.0 4.0 60
Azimuth Angle (deg) Azimuth Angle (deg)
6-8 dB SINR additional SINR loss|
—Georgia N
Tech | [nstitulte Bill Melvin 770-528-3274 bill. melvin@gtri.gatech.edu
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4% Distortion of Adaptive Pattern Due to TSD
- KASS?ZER

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
e &, EXPEAT REASD)

Mainlobe Sidelobe

DISTORTION IN ADAPTED PATTERN DUE TO TSD
T

DISTORTION IN ADAPTED PATTERN DUE TO TSD
T T

T T T
—— Optimal
L Targetand TSD
0 S:;i‘:a;‘;n, 120 —— Moderate TSD (15 dB) %

(first sidelobe)

Target and TSD
separation: 1°

-10- -10-

nN
(=]
T
N
(=]
T

=30 =30

Normalized Gain (dB)

|
Normalized Gain (dB)
|

|
N
o
|
IS
o

5ok —— Optimal

—— Strong TSD (22 dB) 7 -50
Moderate TSD (15 dB)
-60 | | | | -60 | | | | |
~60 -40 -20 0 20 40 60 ~60 -40 -20 0 20 40 60

Direction of Arrival (Deg) Direction of Arrival (Deg)

W, rep = (]_ —,7)Wopt -<I’]R;1+5 >\ Leads to signal

‘ cancellation

fcn(TSD Power)  Steering vector

mismatch

NSC 2
ech Institute Bill Melvin 770-528-3274 bill.melvin@gtri.gatech.edu e o

Effect seen
in MCARM
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£ SINR Loss Using Finite Data
- KASSPER

DDDDDDDDD AIDED SENSOR SIGNAL PACCESSING

e &, EXPEAT REASONING s

A1 RERSONING
Workshop—02 + Washington, DC

279 IID Secondary (Training) Vectors 279 Secondary Vectors Corrupted By TSD

200 SINR LOSS, HOMOGENEOUS SECONDARY DATA (279 TRAINING VECTORS) 200 SINR LOSS, FINITE TRAINING DATA WITH TSD (279 TRAINING VECTORS)
-50 -40 -30 -20 -10 Ve|ocig/ ?m/s) 10 20 30 40 50 ) -50 -40 -30 -20 -10 Ve|oci?y ) 10 20 30 40 50
* [ID assumption provides upper « 200 trials of Poisson seeding
bound on performance with finite « TSD significantly degrades
training data detection performance!
e TSD and heterogeneous clutter e MDV increases 3x

violate IID assumption

—Georgia
Tech | [nstitulte Bill Melvin 770-528-3274 bill.melvin@gtri.gatech.edu
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£ 78 SINR Loss Comparison
- KASSPER

EEEEEEEEE AIDED SENSOR SIGNAL PACCESSING

e &, EXPERT REN:

A1 RERSONING
Workshop—02 + Washington, DC

Average of 200 Trials Single Trial

IMPACT OF TSD ON SINR WITH FINITE SAMPLE SUPPORT (279 TRAINING VECTORS) IMPACT OF TSD ON SINR WITH FINITE SAMPLE SUPPORT (279 TRAINING VECTORS)
T T T T T

-10 -10

SINR Loss (dB)
iR
o

SINR Loss (dB)
iR
(6]

|
N
o

—— Known Covariance
— Estimated: With TSD
Estimated: 11D Secondary Data

—— Known Covariance
—— Estimated: With TSD (200 Trials)
Estimated: IID Secondary Data

-30 | | | -30 | | |
-30 -20 -10 0 -30 -20 -10 0

Velocity (m/s) Velocity (m/s)

Uncompensated TSD can lead to SINR loss of 15 dB...
Similar effect observed in measured MCARM data

—Georgia
Tech | [nstitulte Bill Melvin 770-528-3274 bill.melvin@gtri.gatech.edu
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5. ~ KA-STAP: Map\Qriven Trgi\Qing Selextion

ING et

— i"M '*"‘- ! ’ <G ir:'i:’::"':'-'- CafEake Ot e A
MCARN! Elti 5,5

AN

gt
02 = Washi 1+

" .
LT

VA
n‘.

X1
.?g.}?;.
y
Al

=1

-

T2
&
P e,
A 7
1 iml '
m

tate e
— Co Military Ar
[0 Lake/Pond/ Ocean Mational Park
—— Street Other Park
— EXpressway [ City
= H ighway — COuUnty

— COonhector

55555555
Scale 1:197383 E—= '
¥average-—true scale

1
—Georgia | [Researeh » v
Tech | Institute Bill Meh/in/(szs-szm biII.merin@gtri.gat/eﬂ.edu

slide 25 =




N MCARM Flt. 5, Acquisition 575

- KASSPER Characterizing the Problem of TSD
Excising Hwy 13 in sidelobe (SL) No improvement when Excising Hwy 15 in sidelobe region
region yields best results removing Hwy 71 greatly improves performance
MCARM Flight 5, Acquisition 575, Boresight o MCARM Flight 5, Acquisition 575, Boresight o MCARM Flight 5, Acquisition 575, Boresight
0 T T T T T T T T T T T T T T T
-5+ -5

— 200:320

—— Excise Hwy 13 MB&SL

—— Excise Hwy 13 MB
Excise Hwy 13 SL

—— 200:320

—— Excise Hwy 71 MB
Excise Hwy 71 SL

— Excise Hwy 71, MB&SL

ESTIMATED SINR LOSS (dB)

— 200:320

—— Excise Hwy 15 MB
—— Excise Hwy 15 SL
- Excise Hwy 15 SL, with 0dB DL

'\
_50 Il Il \\ Il Il Il Il Il Il _50 Il Il Il i Il Il Il Il

-50 -40 -30 -20 ~-10 0 10 20 30 40 0 50 -50 -40 -30 -20 -10 0 10 20 30 40 50
VELOCITY (m/s) \/EL OCITY (ml<) VELOCITY (m/s)

Comments

 Removing ranges with no target-like signals may emphasize TSD contributions from
other cells

» Platform velocity and road geometry knowledge can be used to vary map-selected
data by Doppler filter

* Processor can select range cell using map data and then “test” for TSD to either
accept or reject

2

—Georgia
Tech | [nstitulte Bill Melvin 770-528-3274 bill.melvin@gtri.gatech.edu
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f?a KA-STAP: Application of INU/GPS

- KASSPER

DDDDDDDDD AIDED SENSOR SIGNAL PACCESSING

e &, EXPERT REN:

A1 RERSONING
Workshop—02 + Washington, DC

» Angle-Doppler properties are known given platform velocity
 Eigen-discrimination can identify components off clutter ridge
 Pre-filtering can reduce required DoFs

« MCARM vs. simulation (See slide 15)

Added component
due to movers

MCARM 5_575, EIGENBEAMJ DOPPLER 10, RANGE 360 MCARM 5_575, EIGENBEAMS, DOPPLER 10, RANGE 360
T T T T T T T T T T T T T T T T

3 3
| N\
CONSECUTIVE BLOCK \ 44 HOMOGENEOUS

25

0
AZIMUTH ANGLE (DEGREES) AZIMUTH ANGLE (DEGREES)

—Georgia
Tech | [nstitulte Bill Melvin 770-528-3274 bill.melvin@gtri.gatech.edu
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A

Eigen-Discrimination to Enhance Endo-Clutter

Detection Performance

- KASSPER

uuuuuuuu AIDED SENSOR SIGNAL PACCESSING

e &, EXPERT REASON

A1 RERSONING
Workshop—02 + Washington, DC

Component 4

EigenbeeNCARM Flt. 5, Acq. 575, 5.6 m/s
10 T T T T T

Train 200:320

-10k

dB

-20

—-30}

— Component 1
—— Component 2
—— Component 3

-40- — Component 4
-50 1 . . i 1
-60 -40 -20 0 20 40 60
Azimuth (Deg)
—Georgia Research

ADAPTED PATTERN

0 T T
_5 [
-10}+
_15 [
20
—251
-30H
-351
-40+ — Hwy 15 SL Removed
— 200:320
—45- —— Component 4 Removed
_50 1 1 1 1 1
-60 -40 =20 0 20 40 60
ANGLE (Degrees)
MCARM Flight 5, Acquisition 575, Boresight Eigenbeams, MCARM Flt. 5, Acq. 575, 5.6 m/s
0 T T T T T T T 10 T T T T T

(zoomed
view)

— 200:320

— Excise Hwy 15 MB

—— Excise Hwy 15 SL

- - Excise Hwy 15 SL, with 0dB DL

,50 L L L W, L L Il
750 -40 -30 -20 -10 O 10 20 30 40 50
VELOCITY (m/s)

Remove Hwy 15 SL

— Component 1
—— Component 2
—— Component 3
—— Component 4

i i i
-20 0 20 40 60
Azimuth (Deg)

Tech
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£ 78 KA-STAP: Pre-Nulling Strategies

- KASSPER —
£ ] R
v

R = Rika-train © Covemr T Ruprenan T O[Z)LINM
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£ T Implementation Issues
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« KASSPER implementations will likely require...
— Case-based reasoning techniques
— Map registration methods

 (Case-based reasoning
— Environmental assessment
— Rank ordering of hypothesized effects
— Sequential or parallel execution of a rationale KASSPER
Implementation
e Map registration issues [12]
— Coarse requirements
* Training data selection
« Some KASSPER “triggers”
— Finer alignment
« High fidelity pre-filters
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iﬁ Case-Based Reasoning (KA Control)
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Determine the environment
(apply database)

Query data/knowledge

source 1, implement algorithm
feature 1 (E.g., select DoF or
match dominant subspace
using database and
deterministic prediction)

Query data/knowledge
source 2, implement algorithm
feature 2
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47 We're talking about....
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potential for performance enhancement
In realistic clutter environments
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1% Summary
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« STAP is the data domain implementation of an
optimal filter
— Homogeneous training data required to construct STAP
« Homogeneous = independent and identically distributed
(iid)
* Real-world environments tend to appear
heterogeneous

« Via simulation and actual measured data, we have
overviewed the impact of clutter heterogeneity on
STAP performance

o Several knowledge-assisted (KA) mitigating
strategies were suggested
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