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Clustering Algorithm Improvement in SAR Target Detection

YANG Zhi-guo, HUANG Xiao-tao, ZHOU Zhi-min

(School of Electronic Science and Engineering, National University of Defense Technology, Changsha 410073)
Abstract The synthetic-aperture radar (SAR) auto target recognition ( ATR) algorithm developed at Lincoln Laboratory is a
standard algorithm for target detection/recognition. It has three main stages: a prescreener, a discriminator and a classifier.
The clustering algorithm between the prescreener stage and the discriminator stage is significant for the performance of the
detection algorithm. This letter introduces the steps of the common clustering algorithm and analyzes its disadvantages. We
improve the common clustering algorithm from two aspects of the read sequence of image data and the calculation means of
clustering quasi-center coordinates. The clustering results based on two actual images testify the efficiency of improved
clustering algorithm.

Keywords

SAR ATR, clustering algorithm, clustering center, concomitant weight coefficient

BB SAR Hbr A A PERE. H AT E 52 Y

1 51 & FURRRR U S0 AT R0 ™7 3o ok 22 MO R 3 —
HEAERIEAT FL R 0 7 1%, B R 1 A O 3 3
SAR J2—Fh BB BRI, T 2K [ Lincoln S804 MY SAR ATR B3k %k

00 O AT S5 R AT A TR, B AU
TR BARS Y 3R 07 HEAT A Ak A AR B R
Wt o EE RO P24 B bR, i P 4 315
RS, T2 h A JE ORI, X R A B Y SR
[ EUET , 2 K B RCS (radar crossing section)
BT R SAR AT R AU . SAR H bR
rh RGN SR — B I AL A BB A

EEWB :HFRARE I 4T H (60402034)
15 78 B 85 :2006-10-25 ; % [E] B #:2007-03-26
FE—EEE N A EE (1979 ~

& H AT SAR H ks W25 58 25 A A0 75 5k i
B3N 3 9% . Prescreener ., Discriminator FlI Classifier,
X 3 AT A & AR 2 8 5 MR SR F i 48 i
B A . 3 2% 45 K9 f, Prescreener 4%l
Discriminator 4% 22 [] i i — A~ 2 28 500k 0 47 3% 3%,
RAEB 7% 58 B AY T BE 2 FF 4 Prescreener 2 Ab #E15
By B AR B AT R 2K, IR K T AR R 2K 2% R

), 5o PECRMECE 94326 BN TR . 2007 4F T E BT RHAHEOR R0 TR E S TR RIRGES

AR TAER A 2. BTS00 A R AL AR T I8 HAR K I 4 AR o E-mail: yzhgdd@ 163. com



%11

¥ 75 55 - SAR H AR A I A Y B 28 B vk etk 2133

Discriminator 2% J& i J&& 24 #% X 3k ( f& Fx ROI),
Discriminator ZUF 78 B B ROT N #17 B A5 FRAE 42
BRI, BRI, RASE A SAR H Fra I 58 3
HAAEw EZEMEN, BRERE LN R KR
BE b5 SAR H A5 I 5 3k 1 SR MERE . AR SCA
207 SAR H br el 35 vk R F 0 R 2Rk 40 B
TR R KSR DT B P A 8] R, I B X
X ] B T — R R A el Ty B Gl R
L R S B R 2R A SR ) I IE T Bk
A s

2 EMBREEZNMIRREREST

2.1 Lincoln SAR ATR &£ &/
Lincoln SAR ATR B 3: 4 3 g4 4544 , % (R HE & 4
K1 s,

—>| Prescreener |—>| Discriminator |—=| Classifier —

THUBOGHR X b TR AGE TP

1 Lincoln SAR ATR Z % % R 4E [&]
Fig.1 Diagram of Lincoln SAR ATR system

THER H AT RS

Lincoln SAR ATR % ¥k 3 9% 45 #) 4 5l K
1 Classifier, H
Prescreener 25l i — > S 25016 2 ( f7j fk CFAR)
oz 5% o PR -8 ROT, Discriminator £ i it 4 H —
F I HARFHIE R Bk A SR F4 ik, T Classifier 2% 1 i
1 o3 S R B 3 A i, 52 PRSI B A 1 432

ZAR ST — WS H CFAR
Rz I 25 >k PR -8 ROL, XS4 CFAR K 25 1) 5k

Prescreener, Discriminator

(1) Prescreener

X, - u,
> Kepar (1)
g

A, X, MRe R AR R KA, o, (F A e 3
clutter) Jg Z% I IR BE W9 B ELAG T, o, 280K B 19 1)
I 2T, Kepan & o HE 8 ME 50 8 2 19 — > W 4
CFAR i iof A B AR 3 X (1) O ff o A 00 36F 5 9 J
P TR IR Z K BB 2 5K (1) I, 228 R AR
Dy HbRRCE L 2 MR 20 P 0. — BRI in
(52 PR 5 28 CFAR Al 45 21 — i XF b 19 0-1 — &
B h T BARE 2R R G, N T E T —
A1 H RS RAE £ 10, 75 24 SE Xt 0-1 Z(E KRt AT
RE NG5 — R IR L R RIEE SR
DT N B X (i 30m x 30m) 4 2 ROI

% %] Discriminator 2% .,
(2) Discriminator R #li Prescreener 2% 5 2| i1y
ROI, Discriminator 2§ ¢ S 1 2 H b 1) ELAK {7 & K A
XF TRAT 5 ) B R B0 E TR AN — MR E B
ROSFH /9 58 O fE A2 ROT P4 &R W] i 1 47 -7 % Al
JiE e , AR 4 R 5 HE PN R R e R B B U E i H
P 8 EL A7 W R £ o R TR A Y REDIE O HE N
R 4T H A5 FFAE 32 B, Discriminator % ¥ &z J5 — 4
S AT PRI B FRRe Ak 2H 8 — SRR 1) & R AR
] ARG (2) 7H 5 B AR K EE R 4, (X) (F
£ t {3 target)
40 = (X=X - (2)
Ao, X ATkl B bR R AE 7] &, n 32 BURFIE 3L,
M | 3l R U 5 B0 bR 2 R A 1
FVREAE [ 8 AH SCHE B, B AR 3 H 518 B0 0 H Ax —
WHEES d, (X)) FIWrAS I 4 i Jm 4

(3) Classifier A& XiTiE N A FE 5 Lincoln
SAR ATR 53 3 1 P A OC, I XT3 2L 45 f 1Y
Classifier A E A UL
2.2 ERNBLREZRHMESN

i E—#B0XF Lincoln SAR ATR B3k 00 ]
LA 25 b S R L& XS i CFAR £
MATE A 0-1 —(H KGR IEAT R KM LB AL T
—EEHEZNIEFSRR AR, IR —
AN 0y | Discriminator 2% % #2 3% Prescreener 2%
PRI R ZE 015 B AR 95 B ROT, Jf 78 itk ROT
W 5E B H FRRHIE S ORI S 5 . B — R RN M x N
(i SAR K% 2 CFAR Al 5 153 2 /19 0-1 (5 EI1E Ny
A = %al‘j} JHP =12, M;j=1,2,---,N, H]
TIPSR e T8 T R — H bR DX B B Y (E R
D, SAR H ARG i) 5532 5% 1 19 8 AL SR SR Bk D IR
W

(1) #Z KR 5P AR IR B2 A R A h 4% e R
Hoa,;:#a,; =0, WEFRF TR & a,; =15
AT — L #4E,

(2) I H o, , 5 LACHFHERED O [x,,
yioki 1o Loy ya ko Ty Lo,y b JF (AR [y, ]
HHERIE PO AR b, S I HER R PO ERITR
MO ZEMEE {d, dy, - d L = 080 d,,
dy, oo od, > DK FSRAER TR AE R — A A UE
REP LTI 2, =iy, =8, =iy, =
SR = {d,,dy, - d | ERPFE—NTES =



2134 B 4 DR 2R

B3 %

{slse RHs<D} WXF4S hi/NTEX N
%og MUERE LI — PR,
(3) X2 g MEREPOITITIBRH
, 1

x, =7 +1[xq><kq+i] (3)
q

, 1 P A

yq—k+1[y,,><,,+ﬂ (4)
q
kD= k41 (5)

TR EN S ¢ MERE P OILRITEK o, FHYHE
B, RG A L IR 1,

(4) X7 A T Ay e R 58 W IR ERAE S o B 2R
Bk A /N BB 43 FSE b O AR Sy kR R S Pl
F 3

DL Eh SAR H brder I 550 3 v B SR R R 1Y
FZL TR, AR AR R O R T A S HE R
e vy 22 [ B R 100 1L 1) K /N 5% R SR A A ] —
H AR XS4 & R R A B SRR sk
B P 35 1 05 2045 3 3R 26 0k e vh i T 3R 26 vl AR A
KA RO A by o RASTRVEALE B AR A I A Y
YEF & TE B R 20y LA J5 i Discriminator 2% fy 1475
] ROI, iy F ROT [y K/ B Hz2 8 5 25 5 b B Y
B, PR N R AT BRI /N ROL 2 42, 3wl 25K
LB S RPRITEA A Bl SR S S K (preg M E K s AN G
i X 8%, DA AR E Discriminator 2% DA 2 28 .t S /0y
SAE B ROT LU W] fig /N B AR (E AL & A B

RARF AR H ARA I A 52 Br v AR AE— G
SR AR — AN EE AR R, SCHEm SR T
B o A — H A DX SR 8 1 0% 3k 3B, 5 3 1) 0 L T
PLP= At R R 5 5 5 I 22, W 2R 30 5 19 15911 i K
—J7 T BOE 240k s B AR R I, (15
R ZAF RN MR L PO EA T EME . 55— Jrm, W
ARSI BFR IR 30 K T RE S R BIR B R 2K,
P B s R 2 — b T WA B brZ 8] 1y 2R 26
tty, BR P AS J7 T ER A {75 Discriminator 2% (19 7
5 A B3 PR T AT 5 G AR 3k ECAY R R /N, IR 4 A
HRELE P S2 A BmBRSH, h—1
HAn R A2 A RIE PO, X 23 5 201y Ak
BEILE o W A I R O A LIPS /i 2 7 RPN =
Prescreener ¢ 1Y) CFAR £ il 7] 38 i 1% & B ALY i %
WER K BR R 28040 B2 —Jr I, B R A g
i, B 24 B AR R A2 BIAR KB o) —Jr i,
RIS BOAS 22 09 2 AR 2R, AT DA 2R 2
SRLVE 0 SR 2R 5 R B R I, BT 2R 2 v ™ T i

25 H AR DX 87 B, O S B4 R A AR BRORITSE S i
JEAR R ANE

w1 b3 70 T ARG o SRR A A A R Y
A5 THI B ] AL -

(1) #RRFER PG A BB 3 UDUT H)
W LR R TIE X R A F B 1 15 A 3% BRI
AT B BN P MU 1 A, 70 IHe B0 1 DO e 19 B0 T
T AR R — AR DX 15 3R 5 R B, T
SE [ — A DX s A 13 0 10 RS o BOK 3 B H A Y
AR RS Sy 2R S AL, 3k ol B {EL i o A9 15 20 7T iE
BRI L 1™ i B FIAR 2B F AR B IR B R
P AH T 5 Se s 5 A BRAY HEAT , R I I X 3 LR 2
B R BN 32 A AT ek

(2) W LRI TRk v o 3R 26 vh s A A 19 3 5 1]
LR AA R L T CFAR A 75 21 /9 0-1
T AE PR I X [R]— F b DR A R O 2 89 07
AT IR IO AR B AeL, A I £ 3 RS Rk
e E T — F b X8R Y i AR R R SR 2
L NSE A PRSI 7 S i B S ol S U
il 2 % DA (] — H AR DX 1803 e, Hh % B 4
Pl 40 1K B8 L PR AN T e J) IR A5 3% i AR R B AN TR, HE
RO A AR B R R AL IS AN (] A SR 2 X 2 A
R, R TR 25 A, 2R 10 82 i )i 245 5 Ak
B FEAT , R AR T 3 SR IS s AR o I BT AR I 52 PR
155 B0 X ) 2 Sy [A)— H bR XN R 3R s AT G i
A Ak 2

3 ENREEZRHHI

X6 R B R S SR AR AE Y 3R WA [R) L, R DA
WA T T A SR Rk I Ay et - — R R AR R s
O P 00 0t 5 R X SR 2 b A bR TR TR
o TEVEAN AN 41 RISk oot B 2Z A0 e X AT
AR AT L, 'R —IR KN M x N () SAR E%
NS = s, b, & CFAR #5153/ 0-1 —{H B4
HA = fa;l, EBRAXELE SAR EIZR S 1) #AL
BN B = (b, |, Hdb,, =5, a,,i=12, M
J=1,2, N, FR3IFEEHLRS A B5rulinE 2(a) .
2 (b) El2 ()i,

TH4 A 2 8 X WA R AR, K 2(b),
Bl 2(c) T HMAE H R —RB7E BRH FR i 3l
FL 38 H Iz EORSE RN T B bR X RN, 3
Bl 1 BE RN T BE 3 R w, w2 AN S 4



%11

Pk I 45 SAR AT AR I Hh ) 2R 2 5 1k el gt 2135

q; 7R ER A TR R o R B b, I PEBEAL R
BRI R
Pi; = w, X w, Zj a, ., (6)

m

SN

wy 0
-5 n=i- =

©)B

2 CFAR KN AETJE Y 3 e 184
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Fig.3  Clustering results of different clustering algorithms against clutter disturbance
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Fig.4  Clustering results of different clustering algorithms against clustering mixture
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