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Geometric Feature Extraction of Ship in High-resolution
Synthetic Aperture Radar Images
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Abstract: A new method for geometric features extraction of ship target in high-resolution Synthetic
Aperture Radar ( SAR) image was proposed, After detecting and locating ship targets from high-
resolution SAR images. The algorithm continues to acquire target slices to construct the process of the
ship target geometric feature extraction. Firstly, the algorithm obtained a saliency map. completed the
detection and positioning of ship targets, and obtained the ship target slices. Secondly, the algorithm
extracted the geometric features based on the resulting ship slices. The slices was estimated by the
azimuth to obtain the exact minimum bounding rectangle, then effective and accurate extraction of
geometric features can be completed. Finally, the algorithm appied to SAR image target detection, which
is efficient proved by experimental results. The experiments on TerraSAR-X and a large number of
satellite data demonstrate that the proposed algorithm can extract the geometric features with high
accuracy and good stability, Unlike traditional methods, the use of improved spectral residual visual
significant computational models to locate and segment ship targets can effectively reduce the false alarm

rates, and the detection speed increased by 25% to 50%. And it is suitable for practical requirements of
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ship target detection in high-resolution images.

Key words: Synthetic aperture radar; Feature extraction; Target detection; Visual saliency; Spectral
residual; Azimuth estimation; Minimum bounding rectangle
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Fig.1 The flow chart of feature extraction in high-resolution SAR images
1.1 EFMikikEM T EENG KGN E L
A SR TS G I B 5 © S U AR KR R T 3K T — R 50 U B AR TH A RE 18 56 AN HR A 5 4 3 R 46

0110001-2



R . 2 - v 0 B R B AR I R R A A LA SRR AT 5 007 %

X LS 5 B AT B A A S AR SRR T R 2 3 TS BT i 5 N IR A58 R 48, $ i1 T — S B2 SRR BN
AR A 52 3 T AL E R H B 00 R T SRR A TTTT A5 v AR Y, AT A5 v e A 75 TR0 % o 25 A0 3
TE AR

2 B T T S W T AR R Y T B A 2 R 3l A AN T PR SN R e A, U N T T
3 HER SAR MG I SR 1t 35 A G ARG I Bt e LA S s A 280 el A7 fnd 35 4.

T H NG 0T A5 B A S s A A S DX SR T 1 R 4 R A A T o S e R T R e T ) 4 R AR
A0 SCHERC11 42 T — b 35 45 450 Jai, A A0 3 (8 3 X 3l 4 B v L B4 3% 2% ¥ (Spectral Residual, SR).
5H BRI . SR J5 0 —Fh 4 Jmy 25 P DX IO ok B 1 el i+ Ak B, SR P P AR L i L e S R, L
A TSR BN 0 AL D 1 B A SRR Ry - R 2 E AR TR B R B R 5 BT AU [ AR R PR —
R A5 B W3 v A 3] 1R TR AR % 350 0 B 28 5 5 H AR AR R A 00 33 3% 2 88 4

fBBE T (o) Sy — i B8 PGS FETLT (o) o3 A e BE 3% A (O FMARBLIE P (O PRI

ACf) =Amp{FFTLI(2) ]} (D
P(f) =Pha{FFT[I(x) ]} (2)

3 ok IR 908 D A AR X BSOS T R AT A AR R 2R B T o AL L 5 TR A R R A 2%

SR AT 5 22 . 456 T A 0 493 3% 22 RURH A6 335 SR B PR B R o i 3 T A 4 22 1 T SR

L(f)=log[A(f)] 3
R(H=L()—h,(f)*L(f) €]
S(x)=g(x)* | FFT '"[exp(R(f) +i« P(f N ]|* (5

Hop FFT R FET 278 BR B9 f5 BL i 22 48 K FL B 7R 485 b, () 3R 708 A5 el ) A1 308 8 62 4 o 0 49 1 0 90 i
g (o) R 28 B AR DB Bl o AT R — D R - F AT B 2R s A () VP () VL () 2 i 2 i 1] 50 e i 2 3%
FAALTE B R BONR BE 1 s R (/)RR 5% 225 S () o 35 4.

TE ST 5 22 SR TR H A B R X X R R 9 A7 3 AR TR X T I 3 P R A S Bk A9 L
B I3 A X £ B P A0 9 A 2 R R A AT Y B R T SRR

Pu(f) =FFTLI(x)]/|[{FFT[I(x)]}| (6)
Ru(f) =BP(f) +« Py (f) (7

Horr BP0 46847 30 U8 DA » AR HY 8 % PO RO o BRUEBURO A f B9 8 DA 5 P () S JRUE R A
FL3E s R ()RR FE 2 5 S () 035 L OOk I A 9 38 % 22 0 35 VT SR A 1 A0 4 7 20 38 50 Dt 0 I

49 YA A Ak JHL R0 AT Sl 3 208

(a) The original image (b) The result of SR (c) The result of improved SR
(c) The original image®@ (d) The result of SR (e) The result of improved SR

M2 BHRERZENEFESET AL

Fig.2 Comparison of the details of saliency maps
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Fig.3 Comparison of gray difference of image slices
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Table 1 Comparison of three detection methods in sea surface TerraSAR image

) ) Missed number The number of The number Detection Figures of
Detection algorithm . .
of targets detected targets of false alarms time Merit (FoM)
Two-parameter CFAR 1 18 7 92.63 s 0.720
Log-normal CFAR 0 19 5 130.13 s 0.792
The proposed algorithm 0 19 4 46.24 s 0.826
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Table 2 Comparison of results of azimuth estimation

Method of estimation Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Method based on spindle acquisition 60.505 0 55.945 1 124.458 4 —11.580 8 64.589 4
Method based on MBR 57.362 4 55.560 3 128.900 4 —13.041 3 65.405 1

The proposed method. 53.544 9 54.208 6 125.320 0 —9.568 1 66.546 1
Actual azimuth 54.020 6 53.463 8 126.248 1 —10.521 0 66.405 1

7 Bk T MBR 32 R 8CR , 8 HOUARAE DO B B9 AR U1 T AR 7R L UREAR 2 FIREAR 5 4T MBR 3R
YR T Ca) Sy D i PR 5 R 2 A7 5 ) SAR AR A X388, (o) S 931 3 4k 22 W 25 P Y LA L A DX, (o) MBR

N

-

(a) Original image of ship region (b) Saliency map of the reigon (c) Extraction of the MBR
W7 MBR#ER%E
Fig.7 The results of MBR extraction
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Table 3 The results of geometric features extraction by MBR method (Unit: pixel)

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7

Length 57 139 60 91 87 65 118
Actual length 60 134 56 85 89 56 120
Error 1 3 5 4 6 2 9 2
Width 25 25 24 20 28 14 32
Actual width 20 28 26 23 24 16 30
Error 2 B 3 4 3 4 2 2

R4 AXEFENMMBILMHFERNE R (B HEH)

Table 4 The results of geometric features extraction by our method (Unit: pixel)

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7
Length 63 135 59 88 90 59 120
Actual length 60 134 56 85 89 56 120
Error 1 3 1 3 3 1 3 0
Width 21 28 30 26 28 19 31
Actual width 20 28 26 23 24 16 30
Error 2 1 0 4 3 4 3 1
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