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Region-Based GLRT Method for Vehicle Target Detection

Peng Rongkun, Zhou Xin, Wang Pei, Zhao Yonghui , Ju Yingyun

(College of Automation Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing, 210016, China)

Abstract: Automatic ground vehicle detection based on synthetic aperture radar (SAR) image is one of
the important military applications of SAR. A region-based generalized likelihood ratio test (GLRT)
method is proposed, which combines the GLRT detection theory and the image segmentation technolo-
gy. First, the SAR image is roughly segmented as land clutter region and potential target region
through the split and merge procedure often used for processing the original images. Then, based on the
segmentation results, the reasonable statistical models for the data in the two regions are built respec-
tively. Finally, with the knowledge of statistical characteristics of clutter and target, the GLRT detec-
tion method is applied to the each pixel in the potential target region to obtain more accurate detection
results. Experimental results based on real SAR data show that the proposed method can effectively de-
tect the ground vehicle targets from the land clutter with excellent accuracy and speed.

Key words: synthetic aperture radar image; vehicle target detection; image segmentation; statistical

model; generalized likelihood ratio test
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Fig. 1 Schematic diagram of 8-neighbor

SAR A & R MAG RO . 5k K
A3 A Fll Lognormal 43 A %o fili b 2% i X 385 #1145 J& H
Pl 7E X 38 SAR B4 # 57 G2 AL A K 4y A F
Lognormal 43 7 #5578 $ 2% 3% ik =0 R 2 80 fk 3 o7
%2 WCHRE3. 18], H i B S SAR 451
SR a3 A 00 HEAT B EC I BT A SRR I OE
P

2 2 SAR 1 50 5 H br DX 804 B i R
Bl R B 25 T — /N5t SAR BRI 4381 5241, 28
T DR A 20 R R 48 3k Ak B AT A4S B 8 OF
T N A5 A FLo B0 E AR T TR XU AT g
WAL E T HARE B . SIS A B T A S04
TR AR . AT S AR IR 2R R B
Pt B 7R T AR 5 S B A O [ B 9 4 30 40 vk Ak B
BEPE N 5n BSBUE . LR BN 105 Bor

INSARE %

e I

l

LA I B I

|

Bl 2 SAR 55 H AR X IUEUE d B R 1R
Fig. 2 Flow chart of background & target data modeling
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Fig.3 Detection results based on real SAR data
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A3r  VI-CFAR
WARES (K)
WE AR I E R 2L 12 12 12

IE BRI A B bR
%=

A4 2 10 12
T A A 0 0 0

FoM/ %

VI-CFAR

(Lognormal)

iR RS

891 898 889

85.71 54.55 50. 00
BATHE] /s 58.3 302. 4 100. 7

0.16 -

0.14

0.12

0.10

0.08

e

0.06

0.04

0.02

0.00

0.0 0.1 0.2 0.3 04
W AE
(a) Rty DX B 1
0.18
0.16
0.14
0.12
0.10

e

0.08
0.06
0.04
0.02
0.00

0.0 0.5 1.0 1.5 2.0
i B2 1B
(b) &) B b e X s 5 5 E
B4 Bl Ak XS 4 e H bR 18 18 X 8 e e
Fig. 4 Data modeling for region of land clutter and po-

tential region of metallic target

AR L3 P 5 vk AR AR I A I 2 52 B ) H bR R A
FAAE A, B 3 FhI7 Sk A 2 H AR R &= A KL
A A R R T A AR AR B R T2 T
Lognormal 73 4i #l K 73 Aii (5 VI-CFAR H #7546



936 Mo oM o= M

PNEPNIE S

5546

Ti A 5 7 A B B R L, BRI
FoM #IK AL AE 50 %6 ~55 240 Z [A] s A BE T 12 52 B g
FHRRE SR o AR SCIY T3 B A7 1 A 0] W 4 /b
B R B0 FoM K I BB L R B T
85.71% . X2 H T GLRT # I 55 k [7] b iz JH T
5 HARR ge AR B, AT S8 3 A iy DL i S e
Fs M CFAR AU T RS iHE & 2 —Fhik
DL DU e 3 . 3t SIS 56 Y A B BB T GL-
RT #3:% b CFAR 83 8 Bt

MBI [E] Ok . kT K 23 Al Al Lognormal
A ) VI-CFAR H Fp A I J7 ¥ #6643 5] O 302. 4
A 100. 7 5 MM A 3CJ7 ¥ 19 18 550 I [A] d PR A FE )
58.3 s, XJEH T VI-CFAR ¥ K 31 BBl (14 ¥ 1 7%
3 LR K 1A I 5 R R MR R
ZWRSH T E I, X R KRB 75 sk
35350 K A BB 2 5hl o 7 A F Log-
normal R ZHUMG T 5 8 S 2% . S8
WRERNTHE R, AXHIE 456 T W ER
18 3 R R 28 7 ¥ A A N 3 R AN X 3 B8 IS Y
DB AT — RO TR, ELACHG X 4 1 H bR
1 DR N AR R AT H0

LG R MO A SO B M 5 s A e T
F Lognormal 434 fl & F K 234 1) VI-CFAR J7
2 AR R IRS BE 0 B2 5 vE R4S 2 T AR B $R T
AR R T B AR AR

4 HERIF

ARSCHR Y 2R T X GLRT H A5 A i 75
kARG R > #7545 SAR ER A A il
IR o %7 R Sl R 1 R
ARG IR E 73 8 2% e DXIOR A T 7 X3
SRIG 53 DR P AS DX SAR Bl 7 4 U i 1)
AP AR, f 5 6 A GLRT B9 B bR & 5 2 %t B
PRI AE XN IR R G AT 8 — K, S 3wk o
B2 77 1 MR ROR 5 3% T Lognormal 73 i 2
T K3 A VI-CFAR KRR 24T HUA S HE 4G
RFW A SO 4R 1 J7 % M T2 T Lognor-
mal 3 A FI2E T K 0 A (i VI-CFAR J5 3, £ 42 T
R J3E 0 BE 7 T AR A B T — R B T L AT 356 W] AR
SCT5 i A Rk

S E 3k

[1] Oliver CJ, Quegan S. Understanding synthetic aper-

ture radar images[ M ]. Norwood: London Artech
House, 1998.

(2] k¥ T HIERAY SAR BR800 H 5 07 368 50

[D]. Kb FE BRI, 2005,
Zhang Qi. Research on detection methods of vehicle
target from SAR image based on statistical model
[D]. Changsha:National University of Defense Tech-
nology, 2005.

(3] EEHZE, &5t Bk, & n L2 ik B An ke i #ig

A K M. Kb < [ B BB 2%, 2007,
Kuang Gangyao, Gao Gui, Jiang Yongmei. Synthetic
aperture radar target detection theory algorithms and
applications[ M]. Changsha: National University of
Defense Technology, 2007.

[4] Novak L M, Owirka G J, William S, et al. The au-
tomatic target-recognition system in SAIP[J]. The
Lincoln Laboratory Journal, 1997,10(2):187-202.

(5] 4. TR, 4738, SAR B 1% CFAR K I i b ok &
ek ll]. AghfeA k. 2012,38(9)  1-11.

Zhao Mingbo, He Jun, Fu Qiang. Survey on fast
CFAR detection algorithms for SAR image targets
[I]. Acta Automatica Sinica, 2012,38(9):1-11.

[6] Rohing H. Radar CFAR thresholding in clutter and
multiple target situations[J]. IEEE Trans on AES,
2000,36(3) :608-621.

(7] Ak, csd, &2 00 7. &35 A 3 & 518 & % 438
[ML b5t il A K2 A, 2011,

He You, Guan Jian, Peng Yingning. Radar target
detection and CFAR processigl M. Beijing: Tsinghua
University Press, 2011.

[8] Smith M E, Varshney P K. Intelligent CFAR pro-
cessor based on data variability[ J]. TEEE Trans on
AES, 2000,36(3):837-847.

[9] Kreithen D E, Halversen S D, Owirka G J. Discrim-
inating targets from clutter[J]. The Lincoln Labora-
tory Journal, 1993,6(1):25-52.

[10] w5 5%, 940k M, Ik B , %5, 3 T ZARIE I A A& 4 e

SAR EEHLZ) H pr et 8 L) 1. i 7% 4k . 2006, 34
(9):1663-1667.
Gao Gui, Jiang Yongmei, Zhang Qi, et al. Fast ac-
quirement of vehicle targets from high resolution
SAR images based on combining multi-feature[J].
Acta Electronica Sinica, 2006,34(9):1663-1667.

C1L] THRAHSR . BRI bR, A8 M 07 . 55, —Fh B T M2 CFAR 1Y
SAR & AR A B b5 P £ I 8w (1], {5 5 ab 2,
2009,25(8) :256-259.

Xing Xiangwei, Chen Zhenlin, Zou Huanxin, et al.



56

WORIR 4 IR T XA GLRT 4240 B bR ae il 77

937

[12]

[13]

[14]

[15]

A fast algorithm based on two-stage CFAR for detec-
tion ships in SAR images []J]. Signal Processing,
2009,25(8) :256-259.

VR T RNE  EHE %, 2T GLRT W e% T A &
SRS B AR A [T ], 38 B AR 5 A, 2012, 27
(4):616-622.

Xu Junyi, Ji Kefeng, Lei Lin, et al. Ship target de-
tection from optical satellite remote sensing image
based on GLRT[J]. Remote Sensing Technology and
Application, 2012, 27(4):616-622.

LiJ, Zelnio E G. Target detection with synthetic ap-
erture radar[J]. IEEE Trans on AES, 1997,32(2):
613-627.

Perlovsky L I, Schoendorf B J. Model-based neural
network for target detection in SAR images [ J].
IEEE Transactions on Image Processing, 1997,6(1)
203-216.

Mantero P, Moser G, Serpico S B. Partially super-
vised classification of remote sensing images using

SVM-based probability density estimation[]J]. IEEE

[16]

[17]

(18]

[19]

Trans on GRS, 2005,43(3):559-570.

TRAT IR B 2 M AR R AR TR 20 58 25 L e I T
IR LT ik A 34k, 1998 (4) :48-50.

Zhang Shi, Zhang Hongxun, Li Shuyun. The mo-
ment-preserving algorithm and its application in the
analyzer of the cross-section image of the discharge
end[J]. Basic Automation, 1998(4) :48-50.

Xie K, Zhou X, Yang P. Assessment of statistical
models for clutter and target in SAR images[ C]//
Beijing, China;
Publishing

29th Chinese Control Conference.
China Journal
House, 2010:2997-3002.

Roberts W J J, Furui S. Maximum likelihood estima-

Academic Electronic

tion of K-distribution parameters via the expectation-
maximization algorithm [ J ]. IEEE Transactions on
Signal Processing, 2000,48(12):3303-3306.

Robertson N, Bird P, Brownsword C. Ship surveil-
lace using radarsat scan SAR images[ C]//Ship De-
tection in Coastal Waters Workshop 2000. NS, Can-

ada:[s. n.], 2000:41-45.



938 (I O GRS N S S ¢ 5546




