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Fig.1 Flow chart of the method for non-homologous SAR ship matching and tracking based

on global and local two-stage feature matching
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ARICHM 2 X TerraSAR-X Al RadarSat-2 TL 2 B4 IF Ji& [ 44 12 2 fiy K H b 19 DU BC B8R 22 AF 5 BT T 1Y
SARZE IR 1 ran, ALEFEEHFIT SAR A4 /5 30 min A9 AIS(Automatic Identification System)
Bt . A AIS 45 SAR @& VEFEC 7 357 5 th 2 XF SAR S48 b 1 TR 44 il 2B AR L DR TG 19 7] 44 il 2 H A
IZI u\ﬁ[]%% 2 F)]"/j_‘o

F 1 ASCHTAH TerraSAR-X #1 RadarSat-2 B TIES#
Table 1  The parameters of TerraSAR-X and RadarSat-2 used in the study

T HER ) UTC I i) N PR eyt W B Vi
RadarSat-2 2012-01-07T22:51:10  30.44°~33.83° B KG H vV C 2.50 mX2.50 m
BT 3 Vg B
TerraSAR-X 2012-01-07T22:53:46  33.88°~36.62° b3t Vv X 2.00 mX2.00 m
RadarSat-2 2018-12-12T09:19:27  39.78°~42.18° E i HH X 1.95 mx1.95 m
FE 1 ¥ 3,
TerraSAR-X 2018-12-12T10:01:20  45.11°~46.88° RS 4N HH C 2.08 mX2.08 m
F2 MBASHKEMEZMEMNERRHE
Table 2 The types and status of the ships with the same name obtained according to AIS
1k R iZEf R W U
iy K2k
1# 2# 1# 24 1% 2#
s /g 84 8 6 2 90 10
e/ 42 25 9 3 51 28
LRI/ 18 34 20 8 7 42 27
HoAlb iy K/ 50 25 10 2 60 27
St/ 210 78 33 14 243 92

TE A LA S A5 /N RO B8 s 1 48 TS IR e 3, 2 2 48 S 1L R B BRI Ve

B — X R B S oS gk (R 2 b 18, ERXXTEdE b, TerraSAR-X Hll RadraSat-2 %4 9 4K
BT 22298 3 min, BIRFZAR YR VV k. #RIE AIS %ﬁ?)ﬁi’&ﬁ/@iﬁn/\fglﬁJLTnik%TTiﬂﬂ(Marltlme
Mobile Service Identify , MMSD) , 24 22 11 33 XF[] 44 i 2l fiff HR1 210 X [a] 44 # Ak R, b g g iy 2 3
BEULNAR LAY O A R A H o L R R FE DO £

S5 PR SR B A LD B AR (3R 2 P 28 ) 0 TR X BUHE P, TerraSAR-X Al RadarSat-2 %48 14
AU ] 22 292 40 min, MRS A HH itk MR4E ATS s &2 MMSI 5, SE a5 i 14 ) [A) 44 32 gl iy R
DL K 78 a4 d ki 2. Horh i@ iy R R DU AR AR O L # R R R D . AR SR
X & 2 s .
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The main activity areas of ships with the same name in the sea areas of Malacca and Zhoushan Islands

AR R S B B R i 1E 8 VT B2 0 (Number of Correct Matches, NCM) A1 UC it 45 B (Matching Precision,
MP) B A F8 b5 ok PEAS A 7 2 i Rg L, Horp , MP iR R .

NCM

MP=_——"X100%,

NTM

5

. H , NTM(Number of total matches) &3 IR A B VCEC X5, T 2 B An B e 3= 2 A U i) 21z sh it
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FUE b i B DE C () 2L, RLA SCIE T iRz g i L & 3 A A5 S Harris B35 PCA-SIFT 8% 70 SURF
HArIF s, B4y HIAE 12 F 2 £ £ B e B4 3k EXMEBMEERERTENHFCTESEENILE

33 XA 14 % (Eeit 47 %) R4 52 2 2 H AR 4T 52 Table 3 Comparison of the correct number and accuracy of
ok . [FEF, R A S 2 5 SCER[20 1 A9 Harris the ship target matching obtained by using the method of this
%:/ZE\I@([le Hii PCA-SIFT 8 3 Al SURE 2 3 fif study and the algorithms of Harris, PCA-SIFT and SURF
13 DC RS BE (MP) BEAT X 5286, Horp, R MAT- B NCM/ MP/ %

LAB R2017a %f Harris 53 ,PCA-SIFT 53% il SURF

R TFIESC 3 T Python 3.7 % SCH R 1 F b v e
FRESEY . T A A L DG I B 4 3 SURE 1 56.2
3 N, 126 3 BT 50, 7F 1F B DT Bc 403 DG B PR B Harris 2"/ 13 21.7
B 7 T o A SCR W T AR A R A ok R A S PCA-SIFTI] . -

P rAs MP ik 83 %0, 3 e T A0SR

AR Rl ATS B8 B2 4L G458 v 4 2 2R A M L DA L At dm v 5 /N ROSE R L 3R 2) X R
A 11 DG e B S 5 i 25 R N 6 4 TR . R 4 AT EL AR SO R I AR R A A 2R A A X = 28 R R A R
H s Y U T B K B 430 87.5 94 .83.3 Y0 Fil 93.3 %0 , BB ik 80 o 5 Xof ¥ My A5 RUST /iy L A i) D I R B
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Table 4 Statistics of the tracking results of different ship targets obtained by using the 4 algorithms

- W "M B BEHA A HoAb
o S/ ONCM/E MP/% S/ ONCM/E MP/% MU/ NCM/E MP/% BB/ NCM/E MP/ %
EN'S 8 7 87.5 12 10 83.3 15 14 93.3 12 9 66.7
SURF 8 5 62.5 12 6 50.0 15 4 26.7 12 2 16.7
Harris'2] 8 4 50.0 12 3 25.0 15 5 33.3 12 1 8.3
PCA-SIFT!21 8 4 50.0 12 2 16.7 15 5 33.3 12 0 0.0

3 LA AR X iz gl i H DC e #R R A 52 T

R 2 [A) 44 i 2B A ZEAS [ 3 Be ik SAR S8 L 2 B 0 i A 25 5, 0 X B BOARER T C B
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RS H S5 40 Rp AR R I BN B35 . e Ah AN TR 23 BEAR AT SAR 528 H BRI R/ R U W AR R 22 5 . BT
PLL AR SCHE 3 iz sh i R B ARTEAE [F] IR SAR IR i JUAAT R AE 22 5 B ilt B PP A A SO 5 Harris \PCA-
SFIT Ml SURF 3% 18 2B Am JLAAT R AR 28 AL BRI 9 35 A

WG /N IME SR R Canny S0 204G, 2 BUIR] 4% 32 sl R AE TerraSAR-X fil RadarSat-2 #5415 %}
o B AR RN T8 5 SRR TS 21 A4 A R 58 SR IBONE R AR A R R AR T 44 ds s R7E 2 R DAL
TR BOUREE AR AR WL 5 UOh
T:.— Tk
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K, Te ATy 43514 RadarSat-2 Fl TerraSAR-X P~ % B 09 [7] 24 fifs HULT R AE =, W 43 W<<10% .
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16.7% HAE W . >20 Y% B} ,PCA-SIFT 53k MP WAL K 17.4% , r Lk MP 3T 2 b, 7 =R AFREZEY
W. T .SURF 5k MP JE A 502 FREZE 41.7% 5 b % 26.1% ., B4R AHK T PCA-SIFT 5%, SURF #
P09 MP B W A 380 U /N AR S T B S, T L, SURF 5092 D e B B RG J3 7E — e F2 % b 2 i R K
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Fig.3 The distribution of the accuracy of ship target matching and tracking at different perimeter change rates (W.)
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Fig.6 Results of the ship matching and tracking in the SAR images obtained by different algorithms
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Non-Homologous SAR Ship Matching and Tracking Method Based
on Two-Stage Feature Matching

WANG Yan'?*, ZHANG Xi*, MENG Jun-min*, LIU Gen-wang®, BAO Meng®, CAO Cheng-hui*
(1. College of Geodesy and Geomatics, Shandong University of Science and Technology, Qingdao 266590, China;
2. First Institute of Oceanography, MNR, Qingdao 266061, China)

Abstract: Study on satellite-borne SAR ship matching and tracking is an important part of maritime ship
monitoring and has great significance for improving the ability of maritime target monitoring and control.
However, when SAR satellite is used for the ship target matching and tracking, geometric distortions may
possibly be generated in the SAR images due to the small size and movement of the ship target, which
makes it difficult to accurately match and track the ship target in the SAR images. For this reason, a
method for SAR ship target matching and tracking based on global and local two-stage feature matching is
proposed. This method can make it possible to realize the ship target matching and tracking on the SAR
images of different bands such as TerraSAR-X and RadrarSat-2 and different platforms (non-homologous).
In order to verify the performance of the algorithm proposed in the paper, two pairs of TerraSAR-X and
RadarSat-2 SAR data are used for comparing the method proposed in the paper with the classic algorithms
such as SURF (Speeded Up Robust Features), Harris and PCA-SIFT (Principal Component Analysis-
Scale Invariant Feature Transform). The results show that the method proposed in the paper can make the
tracking performance for moving ships reach to 83% , while by using SURF, Harris and PCA-SIFT algo-
rithms the accuracy are only 36.2%, 27.7% and 23.4% , respectively. It can be seen that the algorithm of
this study is much better than those classic algorithms. In addition, the differences in geometric features
(e.g. perimeter, area, aspect ratio, etc.) of the ship target motion in the non-homologous SAR images are
analyzed and the applicability of the ship target matching and tracking algorithm in the non-homogeneous
SAR images is evaluated. The results indicate that by using the method of this study, the ship target
matching and tracking can also be achieve better, even when the geometric characteristics of the ship un-
dergo a larger deformation.

Key words: SAR (Synthetic Aperture Radar) ; ship tracking; feature matching; multi-level features
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