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Review of Ship Surveillance Technologies Based on High-Resolution
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Abstract: Synthetic Aperture Radar (SAR) is widely used in ship surveillance. High-Resolution Wide-Swath
(HRWS) SAR data are simultaneously collected, which introduces challenges and offers new research opportunities.
SAR-based ship-surveillance technologies and the performance requirements of SAR systems are reviewed and
summarized. Furthermore, the characteristics of HRWS SAR imaging and ship surveillance technologies are
considered in tandem, and preliminary research results on ship detection, feature extraction, and classification are
discussed. Finally, we point out issues to be addressed in future work.
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Fig. 4 Framework of the ship detection algorithm on SAR imagery in case of complex background

(a) HHISAR G
(a) Real SAR image

(b) CA-CFAREN&TH
(b) Detection result of CA-CFAR

(c) VI-CFARFMI&5 %
(¢) Detection result of VI-CFAR

(d) ASCETikR g R

(d) Detection result of the proposed method

5 TerraSAR-X SAR EG ML E FrA i g5
Fig. 5 Ship detection results on TerraSAR-X SAR imagery

BUE, RIGHIN SVM 23R8I Zrar K88 1S40
TEMRI B, MR U 25 2 A5 A AN IR A 25 TR R AE
) AT IR R R INBL, SR JE A NZRLF ) SVM 43
2%, A e %A R L T E T H bR

P EIRFVLN TS ) ATRSAR $dis, Wil
7HiR. B 7(a)h C BB MALEE Pauli &R,
S N T A, a9 AN HFRF 1SR,

Kl 7(b) 4 HH At foi i £icdfs 1 1) CA-CFAR £l
gi0L, KR 9 MRS H AR, AFBSIANT 9 M
o B T(c) AARSCEREIIR NG R, A R Dl A I
9 AN B AR HA S0 22 58 T 07 7 T AR i 2
4.3 B9 ¥ SAR ERALAR B FR$FAE IR AN

FRAESE IS SAR BB i RSP, 2
HRWS SAR EI G H b AT 50 1) OGB4 oR



1M JRAHARSE:  HRWS SAR BGMLNT H br AL AT 5% 27id 115

o TP SAR FRALMT HARIAH RS, —
JrA] LAt 2B A N A R P I R gy
I I SR IURAE P A an Kl A 4E R, I s AN R H AR
(KA FEAS TR, NI B0 FAREEA T 20 S0

FER o HER SAR KB, MLAT H RS LA R
JE IXIAREAE 52 M U D8l g O AR . idR 5%

TSN FHAR B AR TR 2 s, R4 E
FRUER o AE 3 F ST T S5 R AR I E B I
%, P BT Radon 284 R B 77 B 20 W25 7 vk
SGEMUAT B AR UATREE BRI P fE . SRR i
8 FiRo FI SN 2 MR AT A PR i S 45
FaE 9 iR,

Y

ST RISV MR 7 5

—> R AT A

A 4

v

g A ) ik > Vi

flf 8 l ' TAUHRAE ) ik SVMrEd 24

s L

v

A 4

AT HEPE AT R

v

—> UZRRRE

FFIEIEFR

V5 o & 4t

v

6 FETHFEEB B SVM IR AL SAR ML H Ax R I sk i i

Fig. 6 Flowchart of the SAR ship detection algorithm based on feature selection and weighted SVM

P 7 T AR R BRI 2 A SAR FRALAT H ARAeril 4 5

Fig. 7 Remove of ambiguities for ship detection using multi polarimetric SAR data

SARALAG

H ¥ 8

Pl 41l
Randon

Randoni® i

Randon# 43 #1)

HL 7 P 4
JLAPHE A HEERL

o b By
[ERZIIRDE T

L

8 MLME FUAR JL TR 5 BURRE R 1]

Fig. 8 Framework of the precise extraction method of ship’s geometric features



116 A 42

SAR HURHARKIKE N SAR FIBALMT H b5 H
BETUH AL SR AL 17 460 URABT 1L SAR
P& b LA H RS IRAS ORI, #8781 LA H bs 2
FRAL AT LR, AT 5 T B AT FLUL ) BE R S
EFR T BB B FRAL /A T SAR Hudlab 3
RIFRA, SAR P H Ax L REHCR FF RS BT
WA

FERGER AR, EEES. ThRerE s ss
5 R 5 P A i 1) ST [ PO 1 P 2 B PR 5 4
AL H AR RA AR LA E5 R, ) 2k 2L
UG, MEAZL RE D BV SEEIEAE SAR IR L
TR SR R IXLEHR AT Sk 1 LA H b b o Y
SYE R o3 A, fE T AR HARAE SAR BRI
MU 5 DIEARZ b 2 S R T R . VR B

SHE . AR BOMAE 3 RO H AR, A
GrHT R0 G AL S B RR R o, R R AL R
K75 SAR B HR I T EATT I 2 S R R I
SRR R O 2 B 10 From . S5 M H
B IR 2 A T HIUR R AE SR 28 A P 11 o
4.4 B SAR EUSALAR B #r 5> FKIRA

FERT AT A3AS I B A R R N AIE 5 A0 S ]
o RTARESAR BEGMAT H b5 KU MBFITIE
WTEAWB. BT, EAMFFIHU I R A H
P R 3 28 030 N R e 4 b S SR H Ak 1) 43 28 30
o AEIE FAS K — BEIRHRI Py, 5200 2 1 B
SAR MG ML H b5 23 28 UM B 3 B T 07 LA
Wi L SAR LU ISAR(Inverse SAR) £
TP SAR EHEMLMT H b5 o3 2P0 s iligefs 1 2

(a) FREEG (b) &R

(c) FEEREIN G R (d) $EHE 5 [ s P 4% % I Ao

(a) Initial images (b) Segmentation results (e) Extraction results of contours  (d) Superposition of the contour

and initial images

9 + 7SRRI ARIT H AR H AR ) 20 F 4 2R

Fig. 9 Segmentation results of the ship target with cross side-lobe ambiguities and neighbors

EE?M
I 1 5 - —
FEHL
: i L T BEH
SARMLA H H BRI 8 Sl e
b fap 25l s WETE S
brpa 1R W44 X skt i
Hirke I
T

10 AR BUN R AL SR U TR

Fig. 10 Framework of the algorithm for super-structure scattering feature extraction



1 TRARREEE -

HRWS SAR E1EMLAT H b BERH AR S LR A

117

JE T FMBAERIT FC (1 73 S UM LS R T RFAEASCAR G
P SR Rl . 5 R T BRI A b, 2
TR TR Sy, R K 2 Bk s s G AE 5
THRALTE B AR S S C AT, il
MK SAR. G H bn 7 SSUHUHIHEZL &) 12 o

HbR D) R Bt e (K S 2 S BL R 20 #F SAR ]
BT H AR R0 AT SR 26 1 5250 FR A 0w 70
SAR KB AR A GE S (BRI, H i IR 2 5k
TSN H AR 3 4E CAD BERUAR S AR )
GBS HRRSEEF AT AR, K5
WP PV 45 AT SAR BUBALER, @A I

(a) P {8

(a) Initial image

(b AL B 53Tl 45 LB
(b) Segmentation result of
ship area

(c) A R4 E
{c) Non-close super-
structure image

SAR ALY B A=Y 28 P

BEA =70 SAR R G I I FI B ANAL T,
w7 SAR FEMEIRERELRE ) RIS 58, AT AT LA
LM R HE SAR G TSRO AL A H br )
s FRRRAE ATS 5 M 5630 B0 15 212060 WY, AR
A SRS FL S B B dAL S 2 U SAR
AL B bR DR Bl BE o AR SO T 3R I s
TerraSAR-X ZEARF =70 #F SAR EGE s, @ar
TASH 50 HAEREFM. 150 HETMTR 50 Hilhfe
S 3 RIS B AR R B . 38 V) v il
WK 13 Fis.

(d) H& L e
(d) Closed super-structure
image

(¢) WAL HIRIE R
(e) Gray image of the
close super-structure

11 SRR SR R IR AN LBR . SRR e, B

Fig. 11 Segmentation results of several typical ship’s super-structure image (From top to bottom: Container ship, Oil tanker, Bulk)

A4

SARE{8453T

'

( AR 24

( L i)

3
O‘— S

G b

Hiat e

r

:‘ ‘;I| IS |
B

=T T AR

-I il |

LR fEH2HR

A4

WA Sl GrAea

WA FEASARE &

Bl 12 SAR BB H br o R AIHESE
Fig. 12 Framework of the SAR ship classification



118 o

o Atk

TEHRESL 3 SAR G B AR ) B
(PR b, 7 AR 5% SAR EHGMERS H br oy
FPUNPEREM LN 2R . AR R S DL T
WS B AT FEAL o SR RE AN 1 1) 23 SR U ST
K. I, YE#45A SAR EHGMAL H As 02K 8
GHAFAEM ) SRS i, SI AR R B, et —
P THRAE 7 e AR R R s 2 R, BN T
TerraSAR-X SAR K& 3 FEMARAR H #5 0J5 10

A, BAF T iRm0 I5%F SAR RIS A H k2
WA e . SRR E 14 s, 2R R
% 2 FIF 3 iR,

5 HERIE

HRWS SAR G H AR AL IS B AT
A& SAR VI BGREARE Y HT R PR VRS, BAT B
(RYBEAR A EL AN e (K A5 o BLARAR SO % ) il

(a) DM
(a) Bulk

L U

(b) BRI

(b) Container ship

(c)

(e} Oil tanker

13 TerraSAR-X SAR ML F A5 517 0 7~ 4
Fig. 13 Ship samples of TerraSAR-X SAR image

dg ik 2
L

Ltoe )——[ AR KA ] I[?ﬁuwm-mﬁ;] (

\
I E I HILAE A 55 IR

14 FETRHIL A MR R s 1 SAR UG F AR 2> 8553

Fig. 14 Ship classification method on SAR imagery with feature space based sparse representation



1 TRARREEE -

HRWS SAR E1EMLAT H b BERH AR S LR A

119

& 2 5 MIARE ARG B B 5 2HBE (%) FAET B £ RE ()

Tab. 2 Comparison on the classification accuracy(%) and speed(s) of five methods in image space in image space
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