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Ship detection in compact polarimetric SAR imagery based on
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Abstract: Compact polarimetric Synthetic Aperture Radar(SAR) has a congenital advantage in marine
surveillance over full polarimetric SAR for its wider swath. A new ship detection method on compact
polarimetric SAR image based on weighted Support Vector Machine(SVM) and m-y decomposition is
proposed. Firstly, the proposed method constructs the weighted feature vectors by extracting the compact
polarimetric parameters. Then, the ship targets in compact polarimetric SAR image are detected by the
weighted SVM classifier. Finally, the false alarms are wiped off according to scattering mechanism strength
differences corresponding to the three components of m—y decomposition. The NASA/JPL AIRSAR airborne
full polarimetric data and the Radarsai-2 satellite-borne full polarimetric data are used to simulate the
compact polarimetric data in the Circular Transmit—Linear Receive(CTLR) mode, and the experimental
results show that the method performs well in detecting ship targets, and can remove the false alarms and
ambiguities effectively.
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Table2 ReliefF feature extraction method

begin
1.set all weight for 0;
2.for i=1 to m
1) choose a sample R from S randomly;

2) find the & nearest neighbors #,(j =1,2,---,k) of R from the same sample set, and find the & nearest neighbors M ,(C) from the

different sample set;
3.for4=1to N

for all features
calculate

k k
W(A) =W (4) =Y diff (4, R, H ;)1 (mx k p(C€) diff (4, R, M ;(C)) |/ (mx k
(D=w(4) /Z:I iff ( )/ (m )+C#%S(R) l—p(class(R))A/.gl iff ( O |/ (mxk)

4. end of the loop, sort the features according to the weight, make comparison with threshold, and choose the effective features.

end
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Fig.3 Flow chart of the proposed ship detection method
3 ARSI 5 v R



gat  EBKESE: BTN SYM M m—y S EHEGHERNL SAR Bl ALAR 559

3 XBWHERSHM

AR NASA/JPL AIRSAR #1258 4 M A6 0405 A &2 K Radarsat-2 A 28 2 W A6 504 A48 CTLR BT A9 a7 4
W ALK VAT S50 50 0E A M o SEI0 — B0 O B AR A X 8 AIRSAR K, AREUA A& 2000 4F 10 A 2 H, F
A 7] R 5 1) 43 BE 0 4300 R 13.5 m R 5.5 mo SIS R iR BF AR T Uk DX Bl Radarsat-2 A AloRE 40 BT Y SR
SRR, U BRI 2008 4E 5 H 6 H, BEES M M 010 40 HE I3 450 8 mo &l 4(a) F1IAl 5(a) 3 il Ry 2 20 52 55 K0 1)
Pauli & A& o F1 0 Bk B O S 3 v B, 3l o % 2 4 S XY Pauli A SR TR, RO H AR 4k 9 4
S A, SEEe— B R — A D A ) B RROR R (1A €8 T HE PN ) R — A 0 1Y 55 RO (1 i A A ), S5 A
H AT A DR 1 AR M 7

NS BB 1Y Pauli A B AT DL H AROR I s Al R, DR O O AROR E S E  — R E AT AR B L AR S04
TE UMM o U TE AT M S K 130 MEREERUIGFEA, RbSVM MR MILEREE NEK[Ho=4, RH
LIBSVM Sk FESEAT 5056 o X T AR A RRAE Ml &, ARPESE 3 1 P ik, #ad ReliefF 53 % i BERRAF ] 4 2E A7
PEHE, BT 2 41905 K SR A B B AE ST N f =(H, & A, .00 5 fy = (4,40 G| Col | Caal ) - FTFHTI
GRUFIY SVM 432648, MR Z AT 4025, KR TN B bR s 2 H AN, S B AR AR SE g 45 R
wE 4(b)FE 5(b)FTaR o XF 2 MR B H AR A 2= 50 0l AT S o

(a) Pauli composite figure in gray (b) detection figure of the weighted SVM

Fig.4 Experimental region of Tokyo bay
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FoM =N, / ( Ngt + Nfa) (15) Fig.5 Experimental region of Vancouver harbor
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Table3 Detected results on Tokyo bay and Vancouver harbor by different algorithms

method region detl::tzget;fgfets num‘Zgr;)nfsfalse time consumption/s detection rate FoM

Tokyo bay 9 1 4.54 o 0.900

SVM Vancouver harbor 5 3 3.28 100% 0.625

. Tokyo bay 9 0 4.04 o 1.000

proposed method Vancouver harbor 5 0 3.86 100% 1.000
quad-polarimetric data by Tokyo bay 9 0 3.42 100% 1.000
weighted SVM Vancouver harbor 5 0 3.48 ° 1.000




560 AMZBMFERFRERFER H14%

Wt X 6 MFE 3 BEATXT AT, W RIS B R &5 48

1) SVM J7 B FUA SCHE B A SVM J7 i #RBE W6 A6 00 Hh A0 A H B, (HJ2: SVML 7 BRI 45 51 H AR S5 A AN 52
B, LR HAES SRR BE ., 5 SVM FikM L, ARSUMAL SVM J5 ik k6 I 25 5 %47 %%, Jf
FLAR Y B b 25 4 R R e e B, 8 B D R AR S T X R AE ) R AT ORE L 2 B R DG v R A B /DN 0 R AE 1)
o, R TR RRAE [

2) R EEKG IS, S 5 A M A B A T &5 A L, BURS T A W AR B AT A 4 R . T4 AL SAR ZE R &
Wi, (FEREEA S SAR FEHER T, BEW BT WL M4 5, 50E T AR SO kA &k, [H
AT B 76T 400 A Ak 2R 8 AR T L I AR A I i R S o

3) ASZE R Matlab fURS, SCub 3B PCAHLECE M i3 3.1 GHz WUAZ AL FEES, 6 GB RAM, SCHy— 78 ot 15 (X J}
3 ML EAERT 3 5 4.54 s, 4.04's, 3.42 s, S TR ARG S X 3 RO IR SRAERT 2000k 3.28 s, 3.86's,
3.48 s, AJLLE M, ARSCHTFR AR A HAL I A 2, 38 O B AR B BRI

(c) results of quad-polarimetric data by weighted SVM
Fig.6 Comparison of different algorithms in Tokyo bay area(left) and Vancouver harbor area(right)
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