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Abstract: As an active microwave imaging sensor, Synthetic Aperture Radar (SAR) has become one of the
main means of Earth observation owing to its unique technical advantages of all-day, all-weather operation and
long working distance. As such, it plays a very important role in military and civilian fields. With the
development of SAR remote-sensing technology, high-resolution, high-quality SAR images are produced
continuously. However, manual detection and recognition of targets of interest is time-consuming and laborious,
so the development of Automatic Target Recognition (ATR) technology is a matter of urgency. The typical
SAR ATR system primarily comprises three stages: detection, discrimination, and classification/recognition.
The detection and discrimination stages are the basis of the SAR ATR system, and research on SAR
applications in the radar field has been conducted by researchers around the world. For single-channel SAR

images, target detection and discrimination from simple scenes yield good results. However, in complex scenes,
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the clutter scattering intensity is relatively high, the clutter background is heterogenous, the target scattering

intensity is relatively weak, and the target distribution is dense. These factors continue to make accurate SAR

target detection and discrimination difficult. In this paper, we summarize the recent research progress on single-

channel SAR target detection and discrimination methods for complex scenes, analyze the characteristics and

problems associated with various methods, and consider the future development trend of single-channel SAR

target detection and discrimination methods for complex scenes.
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Fig. 4 Example of image in miniSAR dataset
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Fig. 5 Example of image in GF-3 ship target dataset
in the port area
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BEX 4, gk aedt AT Hbs kil . R EAE T
H A 3 28 A Tl AN H sk, AR AR AN
SN AR B AR RO B, R R E LA
VA 0 [ [l i A - e ik, T LR [ o P 6 55
1) H brt A T ge g kI 2], A] DU IR CF ARAKHS T
H A5 -5 4 i 0] BC RS Bk iU 19994F Arnaud ™A
PR+ fLAE EHE AT T3 A T (3 — 4 1 52 20
T4 ) FEAT AT H ARSI . Souyris®E A 102003
R TWAHTER T EH— e FERRERE R E
&, KEIMERERRZE, R AR R P e T FLAR AR 3k
ATHE A — 4 B9 52 B0 T A BRI JE KRR N AR (Internal
Hermitian Product, THP)ZEATALAR B FrAill. 2004
FOuchiZf N2 K4 IHP N T Radarsat-1 845
AR HARR I b, R 3218 7 FL AR R 1) U T
S5 ST AR ME DA X 23 ARG E AR A iR, DR A2 HE )
24N FFLARS AR A 1R B2 /56 B T A 2 5 8080
HATHT, B2 REG, FBEHEE S
A 25 53 BORH T 45 A 22 1) D (R AT R A RS B 1] (A A
iz shit ARG R AL . N TR SR H LR ENE
SHHT 720 B AR AL RE 7, 20124 Wang
S N I AR R 2 S FLAR R AR DL K
K FALE G B 9 AT B e ORI, 8 A T i T AN
A B AR, S2E8 BRI E G EE R e, H

b 5 26t L FE A T e . (HE T P g a
2 G PR ORI, R 75 S on) b A gy
HERREFAIERTLESEE -
2.3.2 SRS RIS E

A& A0 B A v 32 AL 22 TRD B E BR A
FPEHEAT MM B AR . SCHR([82) 4 T L B T
AN — R M7, AT PLE N CFARKR
ML H)— PN T B, AP AR AN AN 5 (055 EL B2 AT
SRS . N T 7 FI B 5E, —Suhf
FUE N B HURS AR G AT et e BRI E 8 50 4 o
FEAL G5 (1 BRI Ar HESAR B b R F R b b, 0 H
B 240 s HARFEAT AL, BN J9 S BS AR KR (I AH
P AEREHLI BRI 51504, AL B EH, Rt
AR FH S B B0 HEAT S AR G AL BRI H AR I
P El-Darymli%i NS A & 43 #E R SAR K%
HbRE N —FP & Hbs, ZEEERE AR S B3R
WEE, [KItKhalidss AR HE BSAREWE X & 5
PERSAREUG AT A Gt . B, El-
Darymli%e A\ B H—Fp L M A2 (5 SRR AE AL 1)
BRTE . Leng N3t iR EHSAR B &
B SR AR R S EUAG T FER . AN EERERA T
W, PR PR IR S R k. DR
J7 15 F R E BS ARG 47 G tH d A A s 4



14

k2% G RC R RIBIESAR HARKS I B % A 7T ik e 5k 43

A BT T A A R R AT B AR, Rk
Leng®5 NP5 SRS AR IR Ge i+ @R 2 1 R
i ARSI L R P AR A S R e R R AT A A A
W, w1 T2 G B A B R T ST
Pov TINS5 SR R

i ERNAETTLEH, HATSAREE 28k 1
TN AR 5T IO B AR i TR
HSARBMR I H RO 75 BRI BEALER
EARAERA 2 A0 NI B AR T PUR I 3 57 T 1 H AR
0 7 T R AR 2248 . 20174 Zhang %6 N BT H
— R T R A2 MBI ACSAR BIR 73 2875 1%,
X G SEER B 2 N 2 AT SR s, R4
FEMALS AR BB 70 2R I P S T AN RICR o 30
R SRR U A 4 B e W 2% (Y S BT SR L B
HSARKGZ M AR T %, B HASAREIEE
At B 205 2 SAR MR H x5 28 B R 23 PR B
FFIE

NEFAFSAR H bR A R, K151
7 L EFTIR3SES AR H ARSI 5 92 (D0 R A

3 SARB#RERGE

SAR G H AR 50F NS AR H brter Il i) J AL 2E
DYR, KBRS RARE H AR XIKFER, T
REML I PR K B 2 b R e, BT P A 8 F AR 70 2R/
WRITHSEAE . H ARSI A B ARG T 20804
o SSARENME H Rl (w7 — Rt 2 o S
FRAITIRHATH, KdHTHENERE, CamN
SARR F &I — N E B 7350, EBIR M 1Y
WA 7 RERIFEF SR . w50 T20094F A |
K~ FHIRPIREE A FEXTSAR H AR5 ikt AT 1
PEARRIR P B4, 20094 2 Hi A 40 SR T4
e PR A SCAS L 2 55 0R

NHEASC T JLAEIISAR H bR % L I A
AR T A B A R AN, X SRR
NEUTFPIRE: (1)F T 2B 2%,
(2)2 T IE . BB A S k.

3.1 ET2HEFINEMNEE
FEA M 2 0, RRIESRIBOR 4 I B 2 ST

AR I R, SRICRE S A 2R 2 S )R] 4y
PERFAEXS T8 B 22 ) BRI B R EH . X T
SARKEE HAR4ERIK UL,  HFAE AT 73 PR AF o0 HoAk
RE I REM f K, AT 23 PEAF e A1E RIS FH 7 B8 P AR AE
e 1% DL S0 45 5P ASRAS B (0 20 VERE, T AT 20
P22 IR RIS 205 5 2 52 % (R AR AIE 126 R R 4 )
WARMESR S MEfe . DRI,  HATOC T2 TR AIE )
SAR H b %0 % 09T 58 2 4R v 7E S0 R AE 3R
kb

19894F, M 5250 %= Burl 5 NS QIS H T
PRAEZE . o3 TR YE R HE S e B 3N SO AR, AR
SARH bR %5 SLB h 3R AT, JT e T %A RESE
BRI 560 o Ja MR SEER % 1) U 23 BA
ERIME ML IR PR 2R, 1B R 1 A T S B
PP EZE SR N Z SR IER R, &
DL X SRR HEAT T VEA T BT AN EL IR . 2013
FParkFE N H T —Fp T B AR X8 2 M Y
S AR AE, O BEAL B AR D) 2 BIE 0 B bR X 35
fE0°~180°77 il EREAT R, w] LU H AR A9 K
FE. . KWHEER, £ EBE EX 5 Bix
HE SRR o

SR ) &P I RHAIE 22 02 B ER) . AL
FRFAE, BEMRIEA AR S L, ke
JEMIBhanuwFfiE, X SEHFAE AT LUMAS 5] 1) £ 2 5 ke
HPRFIZR BRI 5 2 5%, EAE—ERRE LA
X 7> HFR A . SR, FESEPRR A, RE R
TERT RE 21 ARFAETUAR , S %0 P RE, PRI, 1X
L B TR AR A N 1) 4 1 8 2 I R AT R R i
£, EEHBES T 4 ATSAR H AR S 04F 55 Rk
THEIATEN . T HEREHESAR H bR % 5 RHE
WREEE AT LRGN R L FHEHR T ReiEiL
5 R E MR (D) RIER E %K
e R 5 5 Ao o4 D00 AN DR b oo B DU AE T AR EAT R
M T 1EA 184 (Genetic Algorithm, GA)&iZ% .
¥ B B HG ) 1 #F (Sequential Floating Forward
Selection, SFFS)&H L. KT HLtb (Particle
Swarm Optimization, PSO)% %, B & (Rank
Search, RS)#1E%% . (L4 3T GARIE I LRI FHIE

R 1 TEISARBArEM 5 A LR
Tab. 1 Comparison of different SAR target detection methods

SARH btz il 7575 A

B

Rl ER Tk, 53R T LIRS RIFERE

SRR A AR AR A @ I A B Ge T EL AL PR AR Y A B Ak i
55T B E ARG 1] AR By 7 AR 2 i R

T R 2 A TR ﬁgﬁ‘
TEFUIEERBUE Yo o e 00 b, 5 RIS 28 L

bR, BRI AT DUl SN E R B SRR B SN T AR BRI T, X T AEIR

AT 55 7 R 5 2 TR i S

HTHEB

HIFHSAR HARMIZ% P AU Rtk LR SR HUBEEAT HARte % BRI R ES ARG EAE,  H AN NG AT PRI
I, ADEEHLEE b B RE Sk N id H AR B AR A D). NiE HARIN X 70 BE T30 A IR IE




44 %Ok

¥k

ERE

PR IE B BRI A 5 R T R IR BN R L R
AN, LR SEBR R, B R B AR R EA
RANEE, T0RVEA A RA, FH, Gao®
F201 VAEBETE T BT HIE NI R E, 1238 B P bR $ (A
I B8 T HRRAE T AEAN B, BERRAN . IR
TR, fRIEAE—ERR SR IERRT, KE
AN R ATREAR . XIEF SR NP SCHR [89) 32 H 1
ESCE A3 I R B P R e AN BX — T AT o5 ) e
R, JEI I B DUSREAE SR RN T B
MR AE O & I R BB R, GRAIE T AR IR AE
FEHI S RE, IR T I8 VA R IRSIGEE . N
TIRTHEGISFFSHItERE, 2AL0 £ S SFFS 32
Hh G B R AAE 1 SR o 2R AT 7 kgt o AR EE TR A6
SFFSHE¥E, il G MSFRSE AL & T 18 Bk i,
B TR 2, 17 7T RIS IERIZR . SFFS
LB ERCR R, (HERARRIESE R 2R
fR. 20144F, AmoonZE NP H —FhE TPSOK
RIS ARSE IS AE L RS VE . S B 45 SR %
W, MIEEFGASR:, 3T PSSO £ 5 %H
TSARH bR SR MM RER mr, (HRWAFTE 5 7= R R
S AR AR ) R Ak GA B S R AT R 4 BV )
SHEURK ), Park® ANP1F-20134E 2 HRSH
RIFNHTFSARE bR R o Z 5 MR G AE 48
P SN GRRE A 7 22 50 MR RR B S5 (R AE T 21
N IEE BRI AR B, B IE TR i, WH
FROAETU A, EAFRERATC S (2)FIEHT
T DA ol o U 467 8 BN AE RO AT o, SRR AE 38
FTHER, 3R AT TUAN T2 PR e 0 R AR A et
TERA . BRSO S MR B 2 N D3I 244N %)
AIE B 2 P9 8 18] Bl /N GRS AIE 1) 2 T P R AT B
B, BARMERRHE. 2R, R BT 55
FEARRIE, (DA F BRI MR EPE. (3)RF
HE IR 5 43 2R AR AR 45 B B 7 1 R A AE S Bk 2 31
Ny RHEZE A, S SR AR A 1) TR B S BILARY
HEIE AN 2 H R . 76 22 B RHR R 2 3R PURRE
— b 45 A LR 0E 38 R 1 B A ) e T R O N
SAR HFR% 5. %5 A8 Fisher&e P 3] g 23 #r iy 7]
VAREAS rp, SR P AR BRI AR R 20 o, it >R
fR A 1) A B AT N B P, A
RS U AE B B AT B A e, 19 3 B AFAE
W5 I R IB R AL LR VR 4L A AR ZE B AL, e
K BGL Ay T e e A Ve, TR RSB A
Fay 2 H e

BT BT B 235 B bR S B H R E K 2 4R
Fe— AN E BRI B AR, DR AR A, RS IE L $E
SR AT IR B ORI AN AR, FREEE K

WAL S 217 i AR SRR IO 1ok T H Aw
MZPREL # f R, H— SRl AL X BEAL
H bR X3 AT 70 1 A Atk 52, DRl AE — 2 i
IR N RCRARR A, SRR R IR AR HAT
fE2 HAr. &5 Hbsrsm st M ERERE, ik, o
FEENGE T ARZE S TR T B i
FFE. 20184F Wang s A IT03E Tl 27 38 R AU 1
BEE A RIERAE, 45 A SARBIMGRARE, et
TIEA T SAR H bR 45 (0 chuish ) S 25 PR A0 4 Ry R
ik, X BEARL H FR UL R 24T J5 8 LA R 4 JR) R 45 4 4
B, BRX T BRI R E . N Tl RA
JERRAEE SUAE B AL M, Dufs A9IZ45 & SAR-
SIFT A= AR L 1k IR A g, S T 2 HFAE,
JEFFIEA LUAR R R A BE = HE UE ., AT
BAFHI X5 HARRURHR 20 28 BEXT R 23757 T 1)
P Bk, e N T R R AR
B, Wang® NV T 2302 GRG0
AEAR T, %07 iR AR Z AR 2R 1 250 o
76, XEBRER NG 2 R & TR
HIUR SIEAT 4t f i ad ,  AORAIE R AR IR 4T 45 1 H
PSR ARAIEIIBE 1. WangS5 NPTR T —FhJE
THERMAM B KISAR HARER T, VEE R
B BUAS 2 ATEAE H AR D) P SR U B R AL 1 AIA 245
ML, N E R S RSN, SRR AE
e P A X 2% R BEAT AR AR . B SR AL
T DX F RS AT S I8 R S )RR AL o
3.2 ETHIE. SHREFINENEEL

FE_EIRFEFHRFAL I H AR A TES, XS
MAF 2N BEACL B ARV AT hRC LI 2Ry e, il
HH N TARCKERIFEA LRIE 2 R PR RE, 28
MAESEPRR I o, ARiC KR SARFEARFERT FE 77
FERIR SR, mT . BirRE. BIrfdm
FER 555 R, AEAS 0 SR ABL H AR A AR 1T 58 9 1R 5,
N, AN TERE . SIREMSARHARE
BITiE, AR N TARICHE A S48 B [ B CRALE 2 531
MIRERE . Forpr, S M A STt it /b & 20 Ul 2R B 1
pRic s, KE D IR AR iC R, R —A
BRESANE, RN R CRRIC AR FI bR 1 ot 2t
115250, R AN B BIbR L A S g9l
YAt CRI R AN R sS AR, IR — R RE
Bk, R N EE WU B — 4B SR (AR L L R
PRCHIRS TR AR LA S HEE RN 2D, i
Xt FAE B AT B AR IR 55 169 B bR 2 br i ok
B, BBREIONIARIC I S9RIC.

Wang N SIFE X% ek 1 9256 5 52 1) 4531
FAEBEAT 70 A 2EA B, SR T 56T W3 R ZRIN



14

B 25 BRSBTS AR H AR K S IR 7T R LRk 45

W HARSER Tk, A R x> B S H
PRV AT RIS, KRB T N TARC I 4.
VbR RS ATERE, 20194FDuiE NPHRH T
2 B JC IR BSCR 50 TR IO SAR H AR5 1 7
%, BRI SR> A8 5 S G0 —AE A — DU AE
BT, D EARCHEA ST BIAT SRS BT R 25
ITERE. [, N 1t — Db BRI RIS bRl i
AR R, DufE AR T —Fh T 59 M B o2 )
W U5k, R B SR (BB RS &
) B AT ep s 00 45 20 ) 5B A0L B Fn U1 R 2847 4 5
G T 5B IR AR RITERE, B b
T ATARERI .
NEFTAFISAR H AR A LR, K251
17 LA E PR PIZES AR H RS T RO s AR R

4 BT REZIHBFRENER— KL

Bk

B ATIR BE 5 SR R — Tl (R i B AT HREAIE 2 2 R0 4y
R HEAREAZEG BN 2RSS
RS T A ANBEH R, SR T ZRRE. A
A FSAR ATR 3ZACFRRFE, 15— b 2o 1)
AEFRTTE, TRPESE I AT DS I . KA. R/
PRSI B — AL . {E3ZACHRAEF, Kl fE
AR EG AT R & B AR XS bR, AR AL
HARX I, SR fE g it — 20 X BE el H b X 3833t
TS0, 4325 /IR R 2 o H b DX 482 0 fl gk —
BRIy o KTIUBY Bl E AR, S R4 2 AR
BBy A . TR I IR R
FE S 55 500 R0 4328 /AR ) 34N 25 BB e sk R R Y 4% 58
B BRSSP B I s g — B TR — AMHEZE
FFAI . %A R T H bR A4 — 2K @, SAR
H ARAS DU T 45 501 — PR AL TR 2 9 28 K AR TR AR ONSAR H
FRAGI R 2%, AHEESE %87k R 5E sk T H bR
A 1 % AT 5

R, IRES I H/EREA VR ICNAFEART
T, Pl EEAEE T AT F SR 7R/
MNIST! ¥ 44 600005k F1%, AFFHICIFAR-
10 EEA 500005 EE . A FF I ImageNet!0?
HHaEP A 1400 55K KR . AT, ATFRISAREE
i, THREERRICHISARKBIGE . AR
ARG 95 4 MiniSAR H A5 9ME 0, & 7 B 25495

HARMISAREUE T, T H AR HARicrEAE, EIR
W) B AR e R A A N TAnid, A5 T IR
SIHISARENE H b il A 40055k 1 ER BBk AR -

FE 53 BT SAR PG A R I FR B2 27 ST BRI KRR
AL b, AR R IR R 2 21 07 0 N H #
SARENE HArfrilir . A F AN DES RS 2. 1T
2 2] SRR fi BE 2105 10O (R IR TR B 9 2%
22 SIS 3 T DR AIE X 4% RS RS B o T TR
XPR FE 27 2] AR R T SAR B Gt T AN H brAs il
R T 25695 ) B A P 15 00 2 Sl A T AR

VT ARAES B ARSI T T, BT RHR Gealr A A i
JR A FARR 22 ) 2 Z 40 22 1T 75 2R B 2R dE 1)
7]/, 20174 CozzolinoF NI —FhJk T 445
FERHZ X 2 (P LA E bRAS N 7V, 1207 V8K F 5
HWH 77 AR E EIGRH, SR 5 I B R\
AR 200 kAT HAR 525 =20 38, i
2P TS B ARk . X SAR UG E R = A
FEFR I 5 10 SO FE 2 ) B 1) S R HE P 1)
A, M KRS N T 20184 g T
—ANERERE AN ATFRISARE GRS B Akl £ s £
SSDD, SSDDWE AR R R il A&
MRTEZATIMASARKE G, —HH2456 7M1
Ry E bR, 1EHZETHY IS0l T M Faster-RCNN
HAESSDDE 4 FoR T AR . A, %
TSSDDHHELE, JiaoS5E NS 2 REAM 2 17 5
SARE G AN HE&L, 2t T Faster-RCNNAE H
g B it PRSI DX 285 o AT 11 S TR A
H AR R 4 2 (0 1) R, Liu%s ANUO H —
TR BEAP S 2% 1R P 1 XS H An il 77 v, %
TIEREE T 2 RPE 425 AR 22 I 28 SR Rl J) 35 A
2 EFSUE R, IR iR B PRAEXHE X
HARSEATAS I E A, R RE TN ERE R T
FOLAE B FRAS I RS B . 20194 2R (g AT 55 N OFE
HSSDDE A JE Ak b, B B RS & X £
AR AT I o) 5, 2 — o 8 T A ot 470
%% (Generative Adversarial Networks, GAN) (4
P AL EXERFZHE (Online Hard Example
Mining, OHEM)¥ISAR MG ALY B FrAs I (1 5k
Hh R} 2% B 2 R AS BB HT I AL B 0 R S NS
15 73 HEAR S AR LA AS I i dfs 5 ATR-SARShip-1.0,

% 2 SARBFRERNFERLE

Tab. 2 Summary of SAR target discrimination methods

SAR H s %50 751 Pess

B

BT A ST R

ETEIE. SEYY HEANTHCIE SR, WA TR,

RN TARC I 2R -
FOEBONE R, AR S A B VRIS AR — B I 22 B




46 H O

¥k

ERE

ZHAREA T35 m S = FSAREIE, Wsiif
THO, B AEGONEIL RS, SRR
RN S Z MY 5, B EHSSDD# ¥4
K, BEGIRE S S HEORESAR H FrAs I o i
o [RIRE, AR5 f8 F 20 SR ) 50V R R FE 2 2
BOERAT TSR0, 8 2 T A 0 v ) i P R 4%
TR . E X Faster R-CNN I Z44AY F)
B — ROBE B REAE B3 B Aw i 3k XK A 2
20194 Zhao%s N2 T Faster R-CNN#H T
Coupled CNN H AnAil 25, HApEsZ2FHZ R
FEE (R RFAE P B HCH bRk X 38, 78 H br RST 2 R0
YT H ARl ERAS TR AR . BRI S
% B bR PRSI R, 20194 R E u S NI
T — PP T RIS R 48 I 25 11 K37 s B R
LA H bR A I 77, 2 E e AR E
R B ARSI G AR, XK s A RE ) B
FREAT UL, SR 5 450 BRAs AR ] 4 o5 AR K 2%
X FRBAT R E AL, 27T LUR S B AR
Mg, Ay sEIloR Yy serg R R H bR bR il o
R85 H ARSI T 1, B SARSE BUD 2
G A B, 20164F AL 24 2 AN N03IgE & 3T
R 2 IR B RS H T — PR T B2
ZHISAR Hbrarill 7%, &k e H e A e &5
PN GAT BG4 7 AR, A5 2 A
FIST I T Faster R-CNN B fa il (X 4% 347 2 HT
o, TR 58 £ 2O B0 I SREE (™ 700 X 48 33
17520, FERARRY R A miniSAREE AT PSR
1FHAE R CFAREAF (R P AE . miniSAREE 5
7&20064F 3 [F Sandia [ 5 SL50 % A TFH) — N AR 2%
WX 5oy ER S s, LA 20ESARENE,
B RS 91638%2510, EEHME3H#%50.1 mx0.1 m.
miniSAREG 5t B S R AW, 25y, 8
PRy BETHL. EHONIRORSE, FERTIN . S N
TR R A N O H AR, Chens A2
IREEW 25 (S HOEAT AR, R T —MEE T 2B
PP 2% (SAR B H bRkl 732, 205 R i
w7 Ui BArY) R EXHMERER A
W 2% 2B L2, 19 BRI 20 e 1k B AR
FHEAT A AR, B XA B AR AR, SO
PE# R X&) 53 50 F FIMSTAR K BT 1
SIS, s E A SRE. O T — R
e FSAR B AR BB, 20194F Wang®%
N T — R I F-SSDAR R I SAR MG B br ks
W73k, %7585 A SAR B I RR I v 1 18 )
SAREIG MR mAT % ) ik, ERAEH
Y5 miniSAREIRE 315t HE T Faster R-CNN

R 0 2 B0 R I R . RS, BdEd A, 1T
23], BRSO E NI TIRE A E
PR 5 ik R AL B F B, fESRARA B, ATk
— BN B PR ESAR H ARG PERE, 20194E
DufE NP T —FhR 25 M 5] S /ISSD H FrAs il
ik, FHEGHEEREE, 5| RIREERME
WX 28 e H AR DI 5 Se 443, $E SR iE R AIE R
73, M SRAS B4 1) H ARl M e

DL _F R 2 R0 4 A 7 9 3404 P ) s 4 M B 2
3, FHEX A NESARBG AT A &brid, A
Thric+ o kent 98 1. AT Wb N ThRiC i e,
BaEAEG DX 28 o) A 1 54 AR AR AR P, 20204 41 22 %%
NIOIR 7 — R T2 B 2 S IS AR H bR I
W2%, %7V S A YR BARIEFISARE G
R B PRI LS, SR 5 1 H BUE S brit (SAR K
BN LS, SRS R o) i TPk,
MNAEEDI 4, S5 158 BB 5 I I U0 i SR XA
PR 28 BRI, Fade 1) 7 AR Zar I I 4% 22 Ik ik
REZIWSL, ZEN V) BbR e FISAREIG 7 =K
w0, 5AaUIGFEAREEHT U Sbsic i 4 R
JE M PEREAR ZE A K, KORBEAK TN TARic i T
e,

RIEIA AT SCWRE . Bl RAAREE R AT
12240 B AR M SAR G B £ Gl =, 3540
T K FHMSTAREHE 0\ 2 44 9% 15 5% 8 min-
ISAR MG N TARE 15 200 2 b 1 4249 H Ar il
B . Sebr BT 5 N R RO R
By A AESE, SHBNERMEREE =Xy
EEE, NTAREEFRE P SRR 2 TRk E 2R
RZERHEFRAIES, DR AN T 38 G ) 2 A7 — Al
TRARERIE DL, R BEAR 2 X2 B 2R3 0 1 HE
¥ o WELE RS e AR R, WS ATTRT BASE L bl
R E R EE RN E R E TS = T EMH
FRASI AT RS, HESHSARKG I TS 5 F 4240
SO H PRSI B AR R FE .

F3XFSAR H AR . SRR FE SAGI . %
A VEBEAT T Ee g . FESZERN A, R
YN TV I R R AR Y, KSR T —
BB AL G5 7 VEAEI 0E ERES . TE LR, X
FIBREHCE, BN, HATMRE %I IER
AR R E R GPU L HHTE S, £% )71
—MAECPU LTI, RE¥JHTGPUIEH
PIINERE,  HRE (] — M2 e g7t (HRTE
SERR TAER A A, T IhEERR S, BEFE AT
S REA AT AN Ry, EIRXMPRE SR, LR RN
CFARMAY, 3 M 5 R Ay il B AR L b,



14

k2% G RC R RIBIESAR HARKS I B % A 7T ik e 5k 47

= 3 SAREEN, £A2RRESETREF I, E5]— LA

Tab. 3 Comparison of SAR target detection and discrimination based on two stage process with detection

and discrimination integration method based on deep learning

SAR HARGI . %5777 P

R

S SAREMEG Hbry A BRI S URHE BT 43 26408

2R

. RFEAIR AR BT, T ATRERID, SN RZE
PERE.

— BB GRINRAE AT RN, FEMERF R, 12

SRR E R, MEESHBED, BHT TREEA.

TR Al AT LB HRER 2 8%, Rl BB

HERRAIFCOBICHE, TSAREZAT LA
MAFHEEIRRD . AS S, M. fE
VR, BEFECGPUFA.

PR AR T2 R A b, (HAE X T ax sk 40 07 7%,
DREES: 21T E IR (R > b, A . A
o, HEEXN T R R R R, JCH XS
WIREIRNMESITIEN S, LR B AR IR AR
5, FARE—WINE .

5 XE#EH

XTI R 423 50 N BIEESAR B An ke A s
MITERIA R, ST TAER LA B LU R 54
i) i«

(1) E & LA E 44 9 8 B RN 24 A A B E A
TR FSAREE, A S AFAE 2 R
HY (P A0t DX 38, T AS 7] DX 33k R 2% 98 8 TR 1 78 L
K, DRI EE EIE N HU e e B R, kRS
&R GBI R EE GE N IE R CF AR
TN BIFEREA, B2 HAR X, 8555
TS SR I R e DA S I e R, O A R AR SR
A PEAEA NS T-F2 5 2 T CFARRY B Anka Il 77 75 1
For 4 e ELA BB N

(2) SARBEUGFFPEIEIR BEZS IR : I
P4 5 T IR P 25 T PO ARG IR 245 531) 5 v2 i P ) 2% 448K %2
B N UG Gk ot R 1), T SAR B A
IR BIIR 22 ) rh, R s E SAR EUZ )
S5 EX TR Mg AR S 2, it
EFXTS AR EUE BTR BE X 2 B AT B2 5 S

(3) F: TP MB35 B 5 ST S 0 T VR R
ANBFTE: HT PR 59IREIE R D20 &
EREBRIAT 225, 7R SRR B H A B A O K i
71, BRI B SRR AL ) g T R
55 W B B 0 7 VA B R E X

(4) M= L T XEZEENGEAEFAH: R3¢
BT, (P EREGE 243 IR EE R, HUH
BRI H bR, O SEMCFAR. ML
IR GRIH B AR Z i RS TR DA R s
SEEEANEEE T HAEI . SREE. HE,
st BN SUE BAESAREUGAL I . %00 It 7Lk A
o, WHTZER AR A S LI SCHEE . RF. B

Ry GO, FHARE 2 FE BT Bk i Tt
HAHREZ L,

(5) PUEBIVEMAFFL: (ESEPRBI A F, A
I K3 S SAR B G E R, 0 b & H A A
SN T B SRAR . R BOUR B A S R A
THHZEH(GPU. f7i655) 78 & M EAR G 6L T iz s
ERAMRS, HEIERA T e 2 ik
B, KLU, —pitICFAR. B A ME
JiZH WS, Fih, XS EREEENIEHE
RORSTFSAR ATRAG NS EA BEE
6 ZERIG

AL E R 8 50 H HUBITESAR KGR H AR
Rl 5 % i) SRR K AT TR, i TR
S REMIL R A, IR X ORSR B I T Rl E
SARENE H ARl 55850 SRR it T e S . i
TAER 235 N SAR B G AFAE 2% BN 5 5 A X
i A AR SR H AR SR AR 55 0 A
RSO, LG RISAREIER H AR 5 % 5]
BRI LPrT R, HIZE L0 7T 238 Re g xt
HAATIRNONFE, LR E 25 T SARHAnta
I 2 55 30 PR

2 % X

(1] Wik 2EORREREES HARRA: Ml r v

HRE[J). FHILEH, 2019, 8(6): 710-716. doi: 10.12000/
JR19083.
JIN Yaqiu. Multimode remote sensing intelligent
information and target recognition: Physical intelligence of
microwave vision[J]. Journal of Radars, 2019, 8(6):
710-716. doi: 10.12000/JR19083.

2] NOVAK L M, OWIRKA G J, and NETISHEN C M.
Radar target identification using spatial matched filters[J].
Pattern Recognition, 1994, 27(4): 607-617. doi:
10.1016,/0031-3203(94)90040-X.

(3] NOVAK L M, OWIRKA G J, and NETISHEN C M.
Performance of a high-resolution polarimetric SAR

automatic target recognition system|[J]. The Lincoln


http://dx.doi.org/10.12000/JR19083
http://dx.doi.org/10.12000/JR19083
http://dx.doi.org/10.12000/JR19083
http://dx.doi.org/10.12000/JR19083
http://dx.doi.org/10.1016/0031-3203(94)90040-X
http://dx.doi.org/10.12000/JR19083
http://dx.doi.org/10.12000/JR19083
http://dx.doi.org/10.12000/JR19083
http://dx.doi.org/10.12000/JR19083
http://dx.doi.org/10.1016/0031-3203(94)90040-X

48

ERE

4]

5]

(6]

(7]

(8]

[9]

(10]

(11]

(12]

(13]

Laboratory Journal, 1993, 6(1): 11-24.

NOVAK L M, HALVERSEN S D, OWIRKA G J, et al.
Effects of polarization and resolution on the performance of
a SAR automatic target recognition system[J]. The Lincoln
Laboratory Journal, 1995, 8(1): 49-68.

vt SARENME HARROIH SR EBCARBT 7L (D). [ i8],
[ B AR K 22, 2007.

GAO Gui. The research on automatic acquirement of
target’s ROI from SAR imagery[D]. [Ph.D. dissertation],
National University of Defense Technology, 2007.

FRIE. SAR HARSE A FED L [D]. (Wit 3], P2 iF R
K, 2012.

XU Heng. Research on algorithms of SAR target
discrimination[D]. [Master dissertation], Xidian University,
2012.

GREENSPAN M, PHAM L, and TARDELLA N.
Development and evaluation of a real time SAR ATR
system[C]. IEEE Radar Conference, RADARCON’98.
Challenges in Radar Systems and Solutions, Dallas, USA,
1998: 38-43.

DAI Hui, DU Lan, WANG Yan, et al. A modified CFAR
algorithm based on object proposals for ship target
detection in SAR images[J]. IEEE Geoscience and Remote
Sensing Letters, 2016, 13(12): 1925-1929. doi: 10.1109/
LGRS.2016.2618604.

WANG Yinghua and LIU Hongwei. A hierarchical ship
detection scheme for high-resolution SAR images[J]. IEEE
Transactions on Geoscience and Remote Sensing, 2012,
50(10): 4173-4184. doi: 10.1109/TGRS.2012.2189011.
SOUYRIS J C, HENRY C, and ADRAGNA F. On the use
of complex SAR image spectral analysis for target
detection: Assessment of polarimetry[J]. IEEFE
Transactions on Geoscience and Remote Sensing, 2003,
41(12): 2725-2734. doi: 10.1109/TGRS.2003.817809.
OUCHI K, TAMAKI S, YAGUCHI H, et al. Ship
detection based on coherence images derived from cross
correlation of multilook SAR images[J]. IEEE Geoscience
and Remote Sensing Letters, 2004, 1(3): 184-187. doi:
10.1109/LGRS.2004.827462.

CHEN Sizhe, WANG Haipeng, XU Feng, et al. Target
classification using the deep convolutional networks for
SAR images[J]. IEEE Transactions on Geoscience and
Remote Sensing, 2016, 54(8): 4806-4817. doi: 10.1109/
TGRS.2016.2551720.

PARK J I, PARK S H, and KIM K T. New discrimination

features for SAR automatic target recognition[J]. IEEE

[14]

[15]

[16]

[17]

[18]

[19]

[20]

21]

22]

Geoscience and Remote Sensing Letters, 2013, 10(3):
476-480. doi: 10.1109/LGRS.2012.2210385.

T, EHEN, K. RS SIFESAR H AR 53t 7 2K
HRIRLH [J). TR IA %R, 2017, 6(2): 136-148. doi: 10.12000/
JR16130.

XU Feng, WANG Haipeng, and JIN Yaqiu. Deep learning
as applied in SAR target recognition and terrain
classification[J]. Journal of Radars, 2017, 6(2): 136-148.
doi: 10.12000/JR16130.

i, B, SO, %, SAREHMZ F R LR ).
S5 A EE, 2008, 24(6): 971-981. doi: 10.3969/j.issn.1003-
0530.2008.06.018.

GAO Gui, ZHOU Diefei, JIANG Yongmei, et al. Study on
target detection in SAR image: A survey[J]. Signal
Processing, 2008, 24(6): 971-981. doi: 10.3969/j.issn.1003-
0530.2008.06.018.

m 5. SAREME BAR K 5IRT AL LRR [J). 155 42, 2009, 25(9):
1421-1432. doi: 10.3969/j.issn.1003-0530.2009.09.018.

GAO Gui. Study on target discrimination in SAR images:
A survey[J]. Signal Processing, 2009, 25(9): 1421-1432. doi:
10.3969/j.iss1.1003-0530.2009.09.018.

EL-DARYMLI K, MCGUIRE P, POWER D, et al. Target
detection in synthetic aperture radar imagery: A state-of-
the-art survey[J]. Journal of Applied Remote Sensing,
2013, 7(1): 071598. doi: 10.1117/1.JRS.7.071598.

FIeRK, B, A2, 55 BT RS ARBEHERIMLM H Arie
W5 5055 [3). BHE S, 2017, 35(20): 86-93. doi:
10.3981 /j.issn.1000-7857.2017.20.009.

WANG Zhaocheng, LI Lu, DU Lan, et al. Ship detection
and classification baser on single-polarization SAR
images[J]. Science & Technology Review, 2017, 35(20):
86-93. doi: 10.3981/j.issn.1000-7857.2017.20.009.

HHEE. RTHAYFSARKBKZ H br 8 ae A il 5L
FE[D]. (W13, B M MR, 2017,

NIE Chunxia. Research on multi-target intelligent
detection algorithm based on SAR image of complex
scene[D]. [Master dissertation], Nanjing University of
Aecronautics and Astronautics, 2017.

K. A5 R FHISAR HARD). (W65, et
TRECR, 2015.

YU Wenyi. SAR target detection in the complex scene[D].
[Master dissertation], Xidian University, 2015.

WARD K D. Compound representation of high resolution
sea clutter[J]. Electronics Letters, 1981, 17(16): 561-563.
doi: 10.1049/el:19810394.

OLIVER C and QUEGAN §. Understanding Synthetic


http://dx.doi.org/10.1109/LGRS.2016.2618604
http://dx.doi.org/10.1109/LGRS.2016.2618604
http://dx.doi.org/10.1109/LGRS.2016.2618604
http://dx.doi.org/10.1109/TGRS.2012.2189011
http://dx.doi.org/10.1109/TGRS.2012.2189011
http://dx.doi.org/10.1109/TGRS.2003.817809
http://dx.doi.org/10.1109/TGRS.2003.817809
http://dx.doi.org/10.1109/LGRS.2004.827462
http://dx.doi.org/10.1109/TGRS.2016.2551720
http://dx.doi.org/10.1109/TGRS.2016.2551720
http://dx.doi.org/10.1109/TGRS.2016.2551720
http://dx.doi.org/10.1109/LGRS.2012.2210385
http://dx.doi.org/10.1109/LGRS.2012.2210385
http://dx.doi.org/10.12000/JR16130
http://dx.doi.org/10.12000/JR16130
http://dx.doi.org/10.12000/JR16130
http://dx.doi.org/10.12000/JR16130
http://dx.doi.org/10.3969/j.issn.1003-0530.2008.06.018
http://dx.doi.org/10.3969/j.issn.1003-0530.2008.06.018
http://dx.doi.org/10.3969/j.issn.1003-0530.2008.06.018
http://dx.doi.org/10.3969/j.issn.1003-0530.2008.06.018
http://dx.doi.org/10.3969/j.issn.1003-0530.2008.06.018
http://dx.doi.org/10.3969/j.issn.1003-0530.2009.09.018
http://dx.doi.org/10.3969/j.issn.1003-0530.2009.09.018
http://dx.doi.org/10.1117/1.JRS.7.071598
http://dx.doi.org/10.1117/1.JRS.7.071598
http://dx.doi.org/10.3981/j.issn.1000-7857.2017.20.009
http://dx.doi.org/10.3981/j.issn.1000-7857.2017.20.009
http://dx.doi.org/10.3981/j.issn.1000-7857.2017.20.009
http://dx.doi.org/10.1049/el:19810394
http://dx.doi.org/10.1049/el:19810394
http://dx.doi.org/10.1109/LGRS.2016.2618604
http://dx.doi.org/10.1109/LGRS.2016.2618604
http://dx.doi.org/10.1109/LGRS.2016.2618604
http://dx.doi.org/10.1109/TGRS.2012.2189011
http://dx.doi.org/10.1109/TGRS.2012.2189011
http://dx.doi.org/10.1109/TGRS.2003.817809
http://dx.doi.org/10.1109/TGRS.2003.817809
http://dx.doi.org/10.1109/LGRS.2004.827462
http://dx.doi.org/10.1109/TGRS.2016.2551720
http://dx.doi.org/10.1109/TGRS.2016.2551720
http://dx.doi.org/10.1109/TGRS.2016.2551720
http://dx.doi.org/10.1109/LGRS.2012.2210385
http://dx.doi.org/10.1109/LGRS.2012.2210385
http://dx.doi.org/10.12000/JR16130
http://dx.doi.org/10.12000/JR16130
http://dx.doi.org/10.12000/JR16130
http://dx.doi.org/10.12000/JR16130
http://dx.doi.org/10.3969/j.issn.1003-0530.2008.06.018
http://dx.doi.org/10.3969/j.issn.1003-0530.2008.06.018
http://dx.doi.org/10.3969/j.issn.1003-0530.2008.06.018
http://dx.doi.org/10.3969/j.issn.1003-0530.2008.06.018
http://dx.doi.org/10.3969/j.issn.1003-0530.2008.06.018
http://dx.doi.org/10.3969/j.issn.1003-0530.2009.09.018
http://dx.doi.org/10.3969/j.issn.1003-0530.2009.09.018
http://dx.doi.org/10.1117/1.JRS.7.071598
http://dx.doi.org/10.1117/1.JRS.7.071598
http://dx.doi.org/10.3981/j.issn.1000-7857.2017.20.009
http://dx.doi.org/10.3981/j.issn.1000-7857.2017.20.009
http://dx.doi.org/10.3981/j.issn.1000-7857.2017.20.009
http://dx.doi.org/10.1049/el:19810394
http://dx.doi.org/10.1049/el:19810394

F1H B 25 BRSBTS AR H AR K S IR 7T R LRk 49

(23]

24]

25]

[26]

[27]

28]

29]

30]

(31]

(32]

Aperture Radar Images[M]. Boston, London: Artech
House, 1998.

FRERY A C, MULLER H J, YANASSE C C F, et al. A
model for extremely heterogeneous clutter[J]. IEEE
Transactions on Geoscience and Remote Sensing, 1997,
35(3): 648-659. doi: 10.1109/36.581981.
ANASTASSOPOULOS V, LAMPROPOULOS G A,
DROSOPOULOS A, et al. High resolution radar clutter
statistics[J].
Electronic Systems, 1999, 35(1): 43-59. doi: 10.1109/
7.745679.

TISON C, NICOLAS J M, TUPIN F, et al. A new

IEFEE Transactions on Aerospace and

statistical model for markovian classification of urban areas
in high-resolution SAR images[J]. IEEE Transactions on
Geoscience and Remote Sensing, 2004, 42(10): 2046-2057.
doi: 10.1109/TGRS.2004.834630.

A, B RTYAE ST & SAREUG 4% B br s I 77 20k
FE[D]. (i3], LA @R, 2017.

DAI Meng. Research on vehicle target detection method
for high resolution SAR images with backgrund
disturbances[D]. [Master dissertation], Shanghai Jiao Tong
University, 2017.

WEISS M. Analysis of some modified cell-averaging CFAR,
processors in multiple-target situations[J]. IEFEE
Transactions on Aerospace and Electronic Systems, 1982,
AES-18(1): 102-114. doi: 10.1109/TAES.1982.309210.
ROHLING H. Radar CFAR thresholding in clutter and
multiple target situations[J]. JEEE Transactions on
Aerospace and Electronic Systems, 1983, AES-19(4):
608-621. doi: 10.1109/TAES.1983.309350.

ik, ReE, FAEfh, 5. Tk B AR 5 1E iR b 2 (M)
2R AL TR H AR, 2011,

HE You, GUAN Jian, MENG Xiangwei, et al. Radar
Target Detection and CFAR Processing[M]. 2nd ed.
Beijing: Tsinghua University Press, 2011.

MEZIANI H A and SOLTANI F. Performance analysis of
some CFAR detectors in homogeneous and non-
homogeneous pearson-distributed clutter[J]. Signal
Processing, 2006, 86(8): 2115-2122. doi: 10.1016/j.sigpro.
2006.02.036.

RITCEY J A and DU H. Order statistic CFAR detectors
for speckled area targets in SAR[C|. Proceedings of
Conference Record of the Twenty-Fifth Asilomar
Conference on Signals, Systems & Computers, Pacific
Grove, USA, 1991: 1082-1086.

SMITH M E and VARSHNEY P K. VI-CFAR: A novel

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

CFAR algorithm based on data variability[C]. 1997 IEEE
National Radar Conference, Syracuse, USA, 1997: 263—268.
SMITH M E and VARSHNEY P K. Intelligent CFAR
processor based on data variability[J]. IEEE Transactions
on Aerospace and Electronic Systems, 2000, 36(3):
837-847. doi: 10.1109/7.869503.

LI Jian and ZELNIO E G. Target detection with synthetic
aperture radar[J]. IEEE Transactions on Aerospace and
FElectronic Systems, 1996, 32(2): 613—-627. doi: 10.1109/
7.489506.

LOMBARDO P, SCIOTTI M, and KAPLAN L M. SAR
prescreening using both target and shadow information|C].
2001 TEEE Radar Conference, Atlanta, USA, 2001: 147—
152.

LEUNG H, DUBASH N, and XIE N. Detection of small
objects in clutter using a GA-RBF neural network[J].
IEEE Transactions on Aerospace and Electronic Systems,
2002, 38(1): 98-118. doi: 10.1109/7.993232.
LAMPROPOULOS G A and LEUNG H. CFAR detection
of small manmade targets using chaotic and statistical
CFAR detectors[C]. SPIE 3809, Signal and Data
Processing of Small Targets, Denver, USA, 1999: 292-296.
NOVAK L M, OWIRKA G J, BROWER W S, et al. The
automatic target-recognition system in SAIP[J]. The
Lincoln Laboratory Journal, 1997, 10(2): 187-202.

GREIG D W and DENNY M. Knowledge-based methods
for small object detection in SAR images[C|. The SPIE
4883, SAR Image Analysis, Modeling, and Techniques V,
Crete, Greece, 2003: 121-130.

HALVERSEN S D, OWIRKA G J, and NOVAK L M.
New approaches for detecting groups of targets[C]. 1994
28th Asilomar Conference on Signals, Systems and
Computers, Pacific Grove, USA, 1994: 137-140.

OWIRKA G J, HALVERSEN S D, HIETT M, et al. An
algorithm for detecting groups of targets[C]. The
International Radar Conference, Alexandria, USA, 1995: 641-643.
GAO Gui, KUANG Gangyao, ZHANG Qi, et al. Fast
detecting and locating groups of targets in high-resolution
SAR images[J]. Pattern Recognition, 2007, 40(4):
1378-1384. doi: 10.1016/j.patcog.2006.01.019.

CUI Yi, ZHOU Guangyi, YANG Jian, et al. On the
iterative censoring for target detection in SAR images[J].
IEEE Geoscience and Remote Sensing Letters, 2011, 8(4):
641-655. doi: 10.1109/LGRS.2010.2098434.

WRie, #MR, 3L, 5. FET CFARZIKAISAREIG AT H
FREIM B[], BARTE X, 2012, 34(9): 50-54, 58. doi: 10.3969/


http://dx.doi.org/10.1109/36.581981
http://dx.doi.org/10.1109/36.581981
http://dx.doi.org/10.1109/7.745679
http://dx.doi.org/10.1109/7.745679
http://dx.doi.org/10.1109/7.745679
http://dx.doi.org/10.1109/TGRS.2004.834630
http://dx.doi.org/10.1109/TGRS.2004.834630
http://dx.doi.org/10.1109/TAES.1982.309210
http://dx.doi.org/10.1109/TAES.1982.309210
http://dx.doi.org/10.1109/TAES.1983.309350
http://dx.doi.org/10.1109/TAES.1983.309350
http://dx.doi.org/10.1016/j.sigpro.2006.02.036
http://dx.doi.org/10.1016/j.sigpro.2006.02.036
http://dx.doi.org/10.1016/j.sigpro.2006.02.036
http://dx.doi.org/10.1109/7.869503
http://dx.doi.org/10.1109/7.869503
http://dx.doi.org/10.1109/7.489506
http://dx.doi.org/10.1109/7.489506
http://dx.doi.org/10.1109/7.489506
http://dx.doi.org/10.1109/7.993232
http://dx.doi.org/10.1109/7.993232
http://dx.doi.org/10.1016/j.patcog.2006.01.019
http://dx.doi.org/10.1016/j.patcog.2006.01.019
http://dx.doi.org/10.1109/LGRS.2010.2098434
http://dx.doi.org/10.1109/LGRS.2010.2098434
http://dx.doi.org/10.3969/j.issn.1004-7859.2012.09.011
http://dx.doi.org/10.1109/36.581981
http://dx.doi.org/10.1109/36.581981
http://dx.doi.org/10.1109/7.745679
http://dx.doi.org/10.1109/7.745679
http://dx.doi.org/10.1109/7.745679
http://dx.doi.org/10.1109/TGRS.2004.834630
http://dx.doi.org/10.1109/TGRS.2004.834630
http://dx.doi.org/10.1109/TAES.1982.309210
http://dx.doi.org/10.1109/TAES.1982.309210
http://dx.doi.org/10.1109/TAES.1983.309350
http://dx.doi.org/10.1109/TAES.1983.309350
http://dx.doi.org/10.1016/j.sigpro.2006.02.036
http://dx.doi.org/10.1016/j.sigpro.2006.02.036
http://dx.doi.org/10.1016/j.sigpro.2006.02.036
http://dx.doi.org/10.1109/7.869503
http://dx.doi.org/10.1109/7.869503
http://dx.doi.org/10.1109/7.489506
http://dx.doi.org/10.1109/7.489506
http://dx.doi.org/10.1109/7.489506
http://dx.doi.org/10.1109/7.993232
http://dx.doi.org/10.1109/7.993232
http://dx.doi.org/10.1016/j.patcog.2006.01.019
http://dx.doi.org/10.1016/j.patcog.2006.01.019
http://dx.doi.org/10.1109/LGRS.2010.2098434
http://dx.doi.org/10.1109/LGRS.2010.2098434
http://dx.doi.org/10.3969/j.issn.1004-7859.2012.09.011

50

ERE

[45]

[46]

[47]

(48]

[49]

[51]

j-issn.1004-7859.2012.09.011.

CHEN Xiang, SUN Jun, YIN Kuiying, et al. An algorithm
of ship target detection in SAR images based on cascaded
CFAR[J]. Modern Radar, 2012, 34(9): 50-54, 58. doi: 10.3969/
j.issn.1004-7859.2012.09.011.

RICTE, Ik, QRS W PrSAREME B 3h X80k H bx
LT, BT 515 B2, 2016, 38(5): 1017-1025. doi:
10.11999/JEIT150808.

SONG Wenging, WANG Yinghua, and LIU Hongwei. An
automatic block-to-block censoring target detector for high
resolution SAR image[J]. Journal of Electronics &
Information Technology, 2016, 38(5): 1017-1025. doi:
10.11999/JEIT150808.

DING Tao, ANFINSEN S N, and BREKKE C. Robust
CFAR detector based on truncated statistics in multiple-
target situations[J]. IEEE Transactions on Geoscience and
Remote Sensing, 2016, 54(1): 117-134. doi: 10.1109/
TGRS.2015.2451311.

YU Wenyi, WANG Yinghua, LIU Hongwei, et al.
Superpixel-based CFAR target detection for high-
resolution SAR images|J]. IEEE Geoscience and Remote
Sensing Letters, 2016, 13(5): 730-734. doi: 10.1109/
LGRS.2016.2540809.

AO Wei, XU Feng, LI Yongchen, et al. Detection and
discrimination of ship targets in complex background from
spaceborne ALOS-2 SAR images[J]. IEEE Journal of
Selected Topics in Applied Earth Observations and Remote
Sensing, 2018, 11(2): 536-550. doi: 10.1109/JSTARS.
2017.2787573.

LENG Xiangguang, JI Kefeng, XIANG Xiangwei, et al.
Area ratio invariant feature group for ship detection in
SAR imagery[J]. IEEE Journal of Selected Topics in
Applied Earth Observations and Remote Sensing, 2018,
11(7): 2376-2388. doi: 10.1109/JSTARS.2018.2820078.
GAO Gui, LIU Li, ZHAO Lingjun, et al. An adaptive and
fast CFAR algorithm based on automatic censoring for
target detection in high-resolution SAR images[J]. IEEE
Transactions on Geoscience and Remote Sensing, 2009,
47(6): 1685-1697. doi: 10.1109/TGRS.2008.2006504.

B, PhEE, E306. 2T ofiE A MSAREME H ARk il
Bik[J]. FEEREESM®, 2009, 14(1): 25-29. doi:
10.11834/3ig.20090105.

HU Rui, SUN Jinping, and WANG Wenguang. Target
detection of SAR images using o stable distribution[J].
Journal of image and Graphics, 2009, 14(1): 25-29. doi:
10.11834/jig.20090105.

[53]

[54]

[55]

[57]

[58]

[59]

[60]

[61]

QIN Xianxiang, ZHOU Shilin, ZOU Huanxin, et al. A
CFAR detection algorithm for generalized gamma
distributed background in high-resolution SAR images[J].
IEEE Geoscience and Remote Sensing Letters, 2013, 10(4):
806-810. doi: 10.1109/LGRS.2012.2224317.

GAO Gui. A parzen-window-kernel-based CFAR algorithm
for ship detection in SAR images[J]. IEEE Geoscience and
Remote Sensing Letters, 2011, 8(3): 557-561. doi:
10.1109/LGRS.2010.2090492.

TKEL, FAEH, XU, 5. SO KT Parzen W SULISAR K
1% B AR, THEHLRY, 2015, 42(11A): 151-154.
ZHANG Hao, MENG Xiangwei, LIU Lei, et al. Improved
parzen window based ship detection algorithm in SAR
images[J]. Computer Science, 2015, 42(11A): 151-154.
LENG Xiangguang, JI Kefeng, YANG Kai, et al. A
bilateral CFAR algorithm for ship detection in SAR
images[J]. IEEE Geoscience and Remote Sensing Letters,
2015, 12(7): 1536-1540. doi: 10.1109/LGRS.2015.2412174.
HUANG Yong and LIU Fang. Detecting cars in VHR SAR
images via semantic CFAR algorithm[J]. IEEE Geoscience
and Remote Sensing Letters, 2016, 13(6): 801-805. doi:
10.1109/LGRS.2016.2546309.

W, FE R, R, & BT RIS RrEAH R LK
SARHFRAEMI[J]. B2, 2017, 6(2): 177-185. doi:
10.12000/JR16114.

ZENG Li'na, ZHOU Deyun, LI Xiaoyang, et al. Novel SAR
target detection algorithm using free training[J]. Journal of
Radars, 2017, 6(2): 177-185. doi: 10.12000/JR16114.
KANG Miao, LENG Xiangguang, LIN Zhao, et al. A
modified faster R-CNN based on CFAR algorithm for SAR
ship detection[C]. 2017 International Workshop on Remote
Sensing with Intelligent Processing, Shanghai, China, 2017:
1-4.

WALTHER D. Interactions of visual attention and object
recognition: Computational modeling, algorithms, and
psychophysics[D]. [Ph.D. dissertation|, California Institute
of Technology, 2006.

ITTI L, KOCH C, and NIEBUR E. A model of saliency-
based visual attention for rapid scene analysis[J]. IEEE
Transactions on Pattern Analysis and Machine
Intelligence, 1998, 20(11): 1254-1259. doi: 10.1109/
34.730558.

BORJI A and ITTI L. State-of-the-Art in visual attention
modeling[J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2013, 35(1): 185-207. doi: 10.1109/
TPAMI.2012.89.


http://dx.doi.org/10.3969/j.issn.1004-7859.2012.09.011
http://dx.doi.org/10.3969/j.issn.1004-7859.2012.09.011
http://dx.doi.org/10.3969/j.issn.1004-7859.2012.09.011
http://dx.doi.org/10.3969/j.issn.1004-7859.2012.09.011
http://dx.doi.org/10.11999/JEIT150808
http://dx.doi.org/10.11999/JEIT150808
http://dx.doi.org/10.1109/TGRS.2015.2451311
http://dx.doi.org/10.1109/TGRS.2015.2451311
http://dx.doi.org/10.1109/TGRS.2015.2451311
http://dx.doi.org/10.1109/LGRS.2016.2540809
http://dx.doi.org/10.1109/LGRS.2016.2540809
http://dx.doi.org/10.1109/LGRS.2016.2540809
http://dx.doi.org/10.1109/JSTARS.2017.2787573
http://dx.doi.org/10.1109/JSTARS.2017.2787573
http://dx.doi.org/10.1109/JSTARS.2017.2787573
http://dx.doi.org/10.1109/JSTARS.2018.2820078
http://dx.doi.org/10.1109/JSTARS.2018.2820078
http://dx.doi.org/10.1109/TGRS.2008.2006504
http://dx.doi.org/10.1109/TGRS.2008.2006504
http://dx.doi.org/10.11834/jig.20090105
http://dx.doi.org/10.11834/jig.20090105
http://dx.doi.org/10.1109/LGRS.2012.2224317
http://dx.doi.org/10.1109/LGRS.2012.2224317
http://dx.doi.org/10.1109/LGRS.2010.2090492
http://dx.doi.org/10.1109/LGRS.2015.2412174
http://dx.doi.org/10.1109/LGRS.2015.2412174
http://dx.doi.org/10.1109/LGRS.2016.2546309
http://dx.doi.org/10.12000/JR16114
http://dx.doi.org/10.12000/JR16114
http://dx.doi.org/10.12000/JR16114
http://dx.doi.org/10.1109/34.730558
http://dx.doi.org/10.1109/34.730558
http://dx.doi.org/10.1109/34.730558
http://dx.doi.org/10.1109/TPAMI.2012.89
http://dx.doi.org/10.1109/TPAMI.2012.89
http://dx.doi.org/10.1109/TPAMI.2012.89
http://dx.doi.org/10.3969/j.issn.1004-7859.2012.09.011
http://dx.doi.org/10.3969/j.issn.1004-7859.2012.09.011
http://dx.doi.org/10.3969/j.issn.1004-7859.2012.09.011
http://dx.doi.org/10.3969/j.issn.1004-7859.2012.09.011
http://dx.doi.org/10.11999/JEIT150808
http://dx.doi.org/10.11999/JEIT150808
http://dx.doi.org/10.1109/TGRS.2015.2451311
http://dx.doi.org/10.1109/TGRS.2015.2451311
http://dx.doi.org/10.1109/TGRS.2015.2451311
http://dx.doi.org/10.1109/LGRS.2016.2540809
http://dx.doi.org/10.1109/LGRS.2016.2540809
http://dx.doi.org/10.1109/LGRS.2016.2540809
http://dx.doi.org/10.1109/JSTARS.2017.2787573
http://dx.doi.org/10.1109/JSTARS.2017.2787573
http://dx.doi.org/10.1109/JSTARS.2017.2787573
http://dx.doi.org/10.1109/JSTARS.2018.2820078
http://dx.doi.org/10.1109/JSTARS.2018.2820078
http://dx.doi.org/10.1109/TGRS.2008.2006504
http://dx.doi.org/10.1109/TGRS.2008.2006504
http://dx.doi.org/10.11834/jig.20090105
http://dx.doi.org/10.11834/jig.20090105
http://dx.doi.org/10.1109/LGRS.2012.2224317
http://dx.doi.org/10.1109/LGRS.2012.2224317
http://dx.doi.org/10.1109/LGRS.2010.2090492
http://dx.doi.org/10.1109/LGRS.2015.2412174
http://dx.doi.org/10.1109/LGRS.2015.2412174
http://dx.doi.org/10.1109/LGRS.2016.2546309
http://dx.doi.org/10.12000/JR16114
http://dx.doi.org/10.12000/JR16114
http://dx.doi.org/10.12000/JR16114
http://dx.doi.org/10.1109/34.730558
http://dx.doi.org/10.1109/34.730558
http://dx.doi.org/10.1109/34.730558
http://dx.doi.org/10.1109/TPAMI.2012.89
http://dx.doi.org/10.1109/TPAMI.2012.89
http://dx.doi.org/10.1109/TPAMI.2012.89

14

k2% G RC R RIBIESAR HARKS I B % A 7T ik e 5k 51

(62]

(63]

[64]

[66]

[67]

(68]

[69]

[70]

[71]

[72]

KOCH K, MCLEAN J, SEGEV R, et al. How much the
eye tells the Brain[J]. Current Biology, 2006, 16(14):
1428-1434. doi: 10.1016/j.cub.2006.05.056.

BRUCE N D B and TSOTSOS J K. Saliency based on
information maximization[C]. The 18th International
Conference on Neural Information Processing Systems,
Montreal, Canada, 2005: 155-162.

ITTI L and BALDI P. Bayesian surprise attracts human
attention[J]. Vision Research, 2009, 49(10): 1295-1306.
doi: 10.1016/j.visres.2008.09.007.

HOU Xiaodi and ZHANG Liqing. Saliency detection: A
spectral residual approach[C]. 2007 IEEE Conference on
Computer Vision and Pattern Recognition, Minneapolis,
USA, 2007: 1-8.

YU Ying, WANG Bin, and ZHANG Liming. Pulse discrete
cosine transform for saliency-based visual attention[C]. The
IEEE 8th International Conference on Development and
Learning, Shanghai, China, 2009: 1-6.

CHENG Mingming, MITRA N J, HUANG Xiaolei, et al.
Global contrast based salient region detection[J]. IEEE
Transactions on Pattern Analysis and Machine
Intelligence, 2015, 37(3): 569-582. doi: 10.1109/TPAMI.
2014.2345401.

WANG Zhaocheng, DU Lan, and SU Hongtao. Target
detection via bayesian-morphological saliency in high-
resolution SAR images[J]. IEEE Transactions on
Geoscience and Remote Sensing, 2017, 55(10): 5455-5466.
doi: 10.1109/TGRS.2017.2707672.

FEIRR. A5 N SAREIR H ArAa il & %51 77 VLWt 7L (D).
(M), VLB TR KA, 2018.

WANG Zhaocheng. Study on target detection and
discrimination for SAR images in complex scenes[D].
[Ph.D. dissertation], Xidian University, 2018.

YU Ying, WANG Bin, and ZHANG Liming. Hebbian-
based neural networks for bottom-up visual attention and
its applications to ship detection in SAR images[J].
Neurocomputing, 2011, 74(11): 2008-2017. doi:
10.1016/j.neucom.2010.06.026.

LIU Shuo, CAO Zongjie, and LI Jin. A SVD-based Visual
Attention Detection Algorithm of SAR Image[M]. ZHANG
Baoju, MU Jiasong, WAMG Wei, et al. The Proceedings of
the Second International Conference on Communications,
Signal Processing, and Systems. Cham: Springer, 2014:
479-486.

ZHAO Juanping, ZHANG Zenghui, YU Wenxian, et al. A

cascade coupled convolutional neural network guided

(73]

[74]

[75]

[76]

(7]

(78]

[79]

[80]

[81]

[82]

visual attention method for ship detection from SAR
images[J]. IEEE Access, 2018, 6: 50693-50708. doi:
10.1109/ACCESS.2018.2869289.

WANG Haipeng, XU Feng, and CHEN Shanshan. Saliency
detector for SAR images based on pattern recurrence[J].
IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, 2016, 9(7): 2891-2900.
doi: 10.1109/JSTARS.2016.2521709.

NI Weiping, MA Long, YAN Weidong, et al. Background
context-aware-based SAR image saliency detection[J].
IEEE Geoscience and Remote Sensing Letters, 2018, 15(9):
1392-1396. doi: 10.1109/LGRS.2018.2838151.

HOU Biao, YANG Wei, WANG Shuang, et al. SAR image
ship detection based on visual attention model[C]. 2013
IEEE International Geoscience and Remote Sensing
Symposium, Melbourne, Australia, 2013: 2003-2006.
WANG Zhaocheng, DU Lan, ZHANG Peng, et al. Visual
attention-based target detection and discrimination for
high-resolution SAR images in complex scenes[J]. IEEE
Transactions on Geoscience and Remote Sensing, 2018,
56(4): 1855-1872. doi: 10.1109/TGRS.2017.2769045.

ZHAI Liang, LI Yu, and SU Yi. Inshore ship detection via
saliency and context information in high-resolution SAR
images[J]. IEEE Geoscience and Remote Sensing Letters,
2016, 13(12): 1870-1874. doi: 10.1109/LGRS.2016.2616187.
LI Lu, DU Lan, and WANG Zhaocheng. Target detection
based on dual-domain sparse reconstruction saliency in
SAR images[J]. IEEE Journal of Selected Topics in
Applied Earth Observations and Remote Sensing, 2018,
11(11): 4230-4243. doi: 10.1109/JSTARS.2018.2874128.
TU Song and SU Yi. Fast and accurate target detection
based on multiscale saliency and active contour model for
high-resolution SAR images[J]. IEEE Transactions on
Geoscience and Remote Sensing, 2016, 54(10): 5729-5744.
doi: 10.1109/TGRS.2016.2571309.

MARINO A, SANJUAN-FERRER M J, HAJNSEK I, et
al. Ship detection with spectral analysis of synthetic
aperture radar: A comparison of new and well-known
algorithms[J]. Remote Sensing, 2015, 7(5): 5416-5439. doi:
10.3390/rs70505416.

ARNAUD A. Ship detection by SAR interferometry[C].
IEEE 1999 International Geoscience and Remote Sensing
Symposium, Hamburg, Germany, 1999: 2616-2618.

LENG Xiangguang, JI Kefeng, ZHOU Shilin, et al. Ship
detection based on complex signal kurtosis in single-

channel SAR imagery[J]. IEEE Transactions on


http://dx.doi.org/10.1016/j.cub.2006.05.056
http://dx.doi.org/10.1016/j.cub.2006.05.056
http://dx.doi.org/10.1016/j.visres.2008.09.007
http://dx.doi.org/10.1016/j.visres.2008.09.007
http://dx.doi.org/10.1109/TPAMI.2014.2345401
http://dx.doi.org/10.1109/TPAMI.2014.2345401
http://dx.doi.org/10.1109/TPAMI.2014.2345401
http://dx.doi.org/10.1109/TGRS.2017.2707672
http://dx.doi.org/10.1109/TGRS.2017.2707672
http://dx.doi.org/10.1016/j.neucom.2010.06.026
http://dx.doi.org/10.1109/ACCESS.2018.2869289
http://dx.doi.org/10.1109/JSTARS.2016.2521709
http://dx.doi.org/10.1109/JSTARS.2016.2521709
http://dx.doi.org/10.1109/LGRS.2018.2838151
http://dx.doi.org/10.1109/LGRS.2018.2838151
http://dx.doi.org/10.1109/TGRS.2017.2769045
http://dx.doi.org/10.1109/TGRS.2017.2769045
http://dx.doi.org/10.1109/LGRS.2016.2616187
http://dx.doi.org/10.1109/LGRS.2016.2616187
http://dx.doi.org/10.1109/JSTARS.2018.2874128
http://dx.doi.org/10.1109/JSTARS.2018.2874128
http://dx.doi.org/10.1109/TGRS.2016.2571309
http://dx.doi.org/10.1109/TGRS.2016.2571309
http://dx.doi.org/10.3390/rs70505416
http://dx.doi.org/10.1016/j.cub.2006.05.056
http://dx.doi.org/10.1016/j.cub.2006.05.056
http://dx.doi.org/10.1016/j.visres.2008.09.007
http://dx.doi.org/10.1016/j.visres.2008.09.007
http://dx.doi.org/10.1109/TPAMI.2014.2345401
http://dx.doi.org/10.1109/TPAMI.2014.2345401
http://dx.doi.org/10.1109/TPAMI.2014.2345401
http://dx.doi.org/10.1109/TGRS.2017.2707672
http://dx.doi.org/10.1109/TGRS.2017.2707672
http://dx.doi.org/10.1016/j.neucom.2010.06.026
http://dx.doi.org/10.1109/ACCESS.2018.2869289
http://dx.doi.org/10.1109/JSTARS.2016.2521709
http://dx.doi.org/10.1109/JSTARS.2016.2521709
http://dx.doi.org/10.1109/LGRS.2018.2838151
http://dx.doi.org/10.1109/LGRS.2018.2838151
http://dx.doi.org/10.1109/TGRS.2017.2769045
http://dx.doi.org/10.1109/TGRS.2017.2769045
http://dx.doi.org/10.1109/LGRS.2016.2616187
http://dx.doi.org/10.1109/LGRS.2016.2616187
http://dx.doi.org/10.1109/JSTARS.2018.2874128
http://dx.doi.org/10.1109/JSTARS.2018.2874128
http://dx.doi.org/10.1109/TGRS.2016.2571309
http://dx.doi.org/10.1109/TGRS.2016.2571309
http://dx.doi.org/10.3390/rs70505416

52

ERE

(83]

(84]

(85]

(86]

(87]

(88]

(89]

[90]

[91]

Geoscience and Remote Sensing, 2019, 57(9): 6447-6461.
doi: 10.1109/TGRS.2019.2906054.

EL-DARYMLI K, MOLONEY C, GILL E W, et al.
Nonlinearity and the effect of detection on single-channel
synthetic aperture radar imagery[C]. Proceedings of Oceans
14, Taipei, China, 2014: 1-7.

EL-DARYMLI K, MCGUIRE P, GILL E W, et al.
Characterization and statistical modeling of phase in
single-channel synthetic aperture radar imagery[J]. IEEE
Transactions on Aerospace and Electronic Systems, 2015,
51(3): 2071-2092. doi: 10.1109/TAES.2015.140711.

LENG Xiangguang, JI Kefeng, ZHOU Shilin, et al. Fast
shape parameter estimation of the complex generalized
gaussian distribution in SAR images[J]. IEEE Geoscience
and Remote Sensing Letters, (in press). doi: 10.1109/
LGRS.2019.2960095.

LENG Xiangguang, JI Kefeng, ZHOU Shilin, et al.
Discriminating ship from radio frequency interference
based on noncircularity and non-gaussianity in Sentinel-1
SAR imagery[J]. IEEE Transactions on Geoscience and
Remote Sensing, 2019, 57(1): 352-363. doi: 10.1109/
TGRS.2018.2854661.

ZHANG Zhimian, WANG Haipeng, XU Feng, et al.
Complex-valued convolutional neural network and its
application in polarimetric SAR image classification|[J].
IEEE Transactions on Geoscience and Remote Sensing,
2017, 55(12): 7177-7188. doi: 10.1109/TGRS.2017.2743222.
BURL M C, OWIRKA G J, and NOVAK L M. Texture
discrimination in synthetic aperture radar imagery|[C]. The
Twenty-Third Asilomar Conference on Signals, Systems
and Computers, Pacific Grove, USA, 1989: 399-404.

GAO Gui. An improved scheme for target discrimination
in high-resolution SAR images[J]. IEEE Transactions on
Geoscience and Remote Sensing, 2011, 49(1): 277-294. doi:
10.1109/TGRS.2010.2052623.

XUEF, ERL, BB, 55, B EIRESAREME H br 4 4
fiEE B LRI [I]. PR, 2014, 27(5): 140-144. doi:
10.3969/j.issn.1007-7820.2014.05.041.

LIU Xuan, WANG Weihong, TANG Xiaobin, et al.
Feature selection for target discrimination in SAR images
based on genetic algorithm[J]. Electronic Science and
Technology, 2014, 27(5): 140-144. doi: 10.3969/j.issn.1007-
7820.2014.05.041.

AL, SAR H AR & %5 EOEDE A S A ik (D). [Ridzig
3, T RERS, 2013,

LI Li. Research on SAR target detection and

[92]

(93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

discrimination algorithms and software design[D]. [Master
dissertation], Xidian University, 2013.

AMOON M, REZAI-RAD G A, and DALIRI M R. PSO-
based optimal selection of zernike moments for target
discrimination in high-resolution SAR imagery[J]. Journal
of the Indian Society of Remote Sensing, 2014, 42(3):
483-493. doi: 10.1007/s12524-013-0344-6.

WREL, FEZE, E98, 55, —FhETSAR MR S0 i 1 X380
MR EARFTIRI]. NI, 2011, 32(12): 2582-2588. doi:
10.3873/j.issn.1000-1328.2011.12.017.

CHEN Qi, LU Jun, WANG Na, et al. An SAR images-
based new method for ship discrimination in harbor
region[J]. Journal of Astronautics, 2011, 32(12): 2582-2588.
doi: 10.3873/j.issn.1000-1328.2011.12.017.

TR A e 0 R AR S AR H AR %5 5 RIS (D). [+
W], P2 TRHOREE, 2014

WANG Fei. Feature transformation with applications to
SAR target discrimination[D]. [Master dissertation], Xidian
University, 2014.

DU Lan, DAI Hui, WANG Yan, et al. Target
discrimination based on weakly supervised learning for
high-resolution sar images in complex scenes[J]. IEEE
Transactions on Geoscience and Remote Sensing, 2020,
58(1): 461-472. doi: 10.1109/TGRS.2019.2937175.

WANG Zhaocheng, DU Lan, and SU Hongtao. Superpixel-
level target discrimination for high-resolution SAR images
in complex scenes|J]. IEEE Journal of Selected Topics in
Applied Earth Observations and Remote Sensing, 2018,
11(9): 3127-3143. doi: 10.1109/JSTARS.2018.2850043.
WANG Ning, WANG Yinghua, LIU Hongwei, et al.
Feature-fused SAR target discrimination using multiple
convolutional neural networks[J]. IEEE Geoscience and
Remote Sensing Letters, 2017, 14(10): 1695-1699. doi:
10.1109/LGRS.2017.2729159.

WANG Yan, DU Lan, and DAI Hui. Target discrimination
method for SAR images based on semisupervised co-
training[J]. Journal of Applied Remote Sensing, 2018,
12(1): 015004.

DU Lan, WANG Yan, XIE Weitong, et al. A
semisupervised infinite latent Dirichlet allocation model for
target discrimination in SAR images with complex
scenes|J]. IEEE Transactions on Geoscience and Remote
Sensing, 2020, 58(1): 666-679. doi: 10.1109/TGRS.
2019.2939001.

DENG Li. The MNIST database of handwritten digit
images for machine learning research[Best of the Web][J].
IEEE Signal Processing Magazine, 2012, 29(6): 141-142.
doi: 10.1109/MSP.2012.2211477.


http://dx.doi.org/10.1109/TGRS.2019.2906054
http://dx.doi.org/10.1109/TGRS.2019.2906054
http://dx.doi.org/10.1109/TAES.2015.140711
http://dx.doi.org/10.1109/TAES.2015.140711
http://dx.doi.org/10.1109/LGRS.2019.2960095
http://dx.doi.org/10.1109/LGRS.2019.2960095
http://dx.doi.org/10.1109/LGRS.2019.2960095
http://dx.doi.org/10.1109/TGRS.2018.2854661
http://dx.doi.org/10.1109/TGRS.2018.2854661
http://dx.doi.org/10.1109/TGRS.2018.2854661
http://dx.doi.org/10.1109/TGRS.2017.2743222
http://dx.doi.org/10.1109/TGRS.2017.2743222
http://dx.doi.org/10.1109/TGRS.2010.2052623
http://dx.doi.org/10.3969/j.issn.1007-7820.2014.05.041
http://dx.doi.org/10.3969/j.issn.1007-7820.2014.05.041
http://dx.doi.org/10.3969/j.issn.1007-7820.2014.05.041
http://dx.doi.org/10.3969/j.issn.1007-7820.2014.05.041
http://dx.doi.org/10.1007/s12524-013-0344-6
http://dx.doi.org/10.1007/s12524-013-0344-6
http://dx.doi.org/10.3873/j.issn.1000-1328.2011.12.017
http://dx.doi.org/10.3873/j.issn.1000-1328.2011.12.017
http://dx.doi.org/10.3873/j.issn.1000-1328.2011.12.017
http://dx.doi.org/10.1109/TGRS.2019.2937175
http://dx.doi.org/10.1109/TGRS.2019.2937175
http://dx.doi.org/10.1109/JSTARS.2018.2850043
http://dx.doi.org/10.1109/JSTARS.2018.2850043
http://dx.doi.org/10.1109/LGRS.2017.2729159
http://dx.doi.org/10.1109/TGRS.2019.2939001
http://dx.doi.org/10.1109/TGRS.2019.2939001
http://dx.doi.org/10.1109/TGRS.2019.2939001
http://dx.doi.org/10.1109/MSP.2012.2211477
http://dx.doi.org/10.1109/MSP.2012.2211477
http://dx.doi.org/10.1109/TGRS.2019.2906054
http://dx.doi.org/10.1109/TGRS.2019.2906054
http://dx.doi.org/10.1109/TAES.2015.140711
http://dx.doi.org/10.1109/TAES.2015.140711
http://dx.doi.org/10.1109/LGRS.2019.2960095
http://dx.doi.org/10.1109/LGRS.2019.2960095
http://dx.doi.org/10.1109/LGRS.2019.2960095
http://dx.doi.org/10.1109/TGRS.2018.2854661
http://dx.doi.org/10.1109/TGRS.2018.2854661
http://dx.doi.org/10.1109/TGRS.2018.2854661
http://dx.doi.org/10.1109/TGRS.2017.2743222
http://dx.doi.org/10.1109/TGRS.2017.2743222
http://dx.doi.org/10.1109/TGRS.2010.2052623
http://dx.doi.org/10.3969/j.issn.1007-7820.2014.05.041
http://dx.doi.org/10.3969/j.issn.1007-7820.2014.05.041
http://dx.doi.org/10.3969/j.issn.1007-7820.2014.05.041
http://dx.doi.org/10.3969/j.issn.1007-7820.2014.05.041
http://dx.doi.org/10.1007/s12524-013-0344-6
http://dx.doi.org/10.1007/s12524-013-0344-6
http://dx.doi.org/10.3873/j.issn.1000-1328.2011.12.017
http://dx.doi.org/10.3873/j.issn.1000-1328.2011.12.017
http://dx.doi.org/10.3873/j.issn.1000-1328.2011.12.017
http://dx.doi.org/10.1109/TGRS.2019.2937175
http://dx.doi.org/10.1109/TGRS.2019.2937175
http://dx.doi.org/10.1109/JSTARS.2018.2850043
http://dx.doi.org/10.1109/JSTARS.2018.2850043
http://dx.doi.org/10.1109/LGRS.2017.2729159
http://dx.doi.org/10.1109/TGRS.2019.2939001
http://dx.doi.org/10.1109/TGRS.2019.2939001
http://dx.doi.org/10.1109/TGRS.2019.2939001
http://dx.doi.org/10.1109/MSP.2012.2211477
http://dx.doi.org/10.1109/MSP.2012.2211477

14

k2% G RC R RIBIESAR HARKS I B % A 7T ik e 5k 53

[101]

[102]

[103]

[104]

[105)

[106]

[107]

[108]

CARVALHO E F and ENGEL P M. Convolutional sparse
feature descriptor for object recognition in CIFAR-10[C].
2013 Brazilian Conference on Intelligent Systems,
Fortaleza, Brazil, 2013: 131-135.

DENG Jia, DONG Wei, SOCHER R, et al. ImageNet: A
Large-Scale Hierarchical Image Database[C]. 2009 IEEE
Conference on Computer Vision and Pattern Recognition,
Miami, USA, 2009: 248-255.

=, XM, EHE, S R T BB S MERSARKEIE B ik
WEET]. BT E5EE%IR, 2016, 38(12): 3018-3025. doi:
10.11999/JEIT161032.

DU Lan, LIU Bin, WANG Yan, et al. Target detection
method based on convolutional neural network for SAR
image[J]. Journal of Electronics & Information Technology,
2016, 38(12): 3018-3025. doi: 10.11999/JEIT161032.
WANG Zhaocheng, DU Lan, MAO Jiashun, et al. SAR
target detection based on SSD with data augmentation
and transfer learning[J]. IEEE Geoscience and Remote
Sensing Letters, 2019, 16(1): 150-154. doi: 10.1109/LGRS.
2018.2867242.

ERW, mEE, A, & RTERMAEMSK R HEE
SAREME ML H AW 7k [T]. HIE%M, 2017, 6(2):
195-203. doi: 10.12000/JR17009.

WANG Siyu, GAO Xin, SUN Hao, et al. An aircraft
detection method based on convolutional neural networks
in high-resolution SAR images[J]. Journal of Radars, 2017,
6(2): 195-203. doi: 10.12000/JR17009.

COZZOLINO D, DI MARTINO G, POGGI G, et al. A
fully convolutional neural network for low-complexity
single-stage ship detection in Sentinel-1 SAR images[C].
2017 IEEE International Geoscience and Remote Sensing
Symposium, Fort Worth, USA, 2017: 886-889.

P, MK, ZHH, & BT ERMAEMEKSAREIE
AAR B ARREI[T]. R&E LRSS ETHA, 2018, 40(9):
1953-1959. doi: 10.3969/j.issn.1001-506X.2018.09.09.

LI Jianwei, QU Changwen, PENG Shujuan, et al. Ship
detection in SAR images based on convolutional neural
network[J]. Systems Engineering and Electronics, 2018,
40(9): 1953-1959. doi: 10.3969/j.issn.1001-506X.2018.09.09.
JIAO Jiao, ZHANG Yue, SUN Hao, et al. A densely
connected end-to-end neural network for multiscale and
multiscene SAR ship detection[J]. IEEE Access, 2018, 6:
20881-20892. doi: 10.1109/ACCESS.2018.2825376.

[109]

[110]

[111]

[112]

[113]

[114]

[115]

LIU Lei, CHEN Guowei, PAN Zongxu, et al. Inshore ship
detection in SAR images based on deep neural
networks[C]. 2018 IEEE International Geoscience and
Remote Sensing Symposium, Valencia, Spain, 2018: 25-28.

g, M0, AR, S BT AR R B g A2 B
ZHEFISAR MG ALA H bra Il [J]. BT 5105 2424k, 2019,
41(1): 143-149. doi: 10.11999/JEIT180050.

LI Jianwei, QU Changwen, PENG Shujuan, et al. Ship
detection in SAR images based on generative adversarial
network and online hard examples mining[J]. Journal of
Electronics & Information Technology, 2019, 41(1):
143-149. doi: 10.11999/JEIT180050.

L, ERAE, A, % AIR-SARShip-1.0: = 4#%
SARMUM R AR EE )], Bk %4k, 2019, 8(6): 852-862. doi:
10.12000/JR19097.

SUN Xian, WANG Zhirui, SUN Yuanrui, et al. AIR-
SARShip-1.0: High-resolution SAR ship detection
dataset[J]. Journal of Radars, 2019, 8(6): 852-862. doi:
10.12000/JR19097.

ZHAO Juanping, GUO Weiwei, ZHANG Zenghui, et al. A
coupled convolutional neural network for small and densely
clustered ship detection in SAR images[J]. Science China
Information Sciences, 2019, 62(4):
10.1007/s11432-017-9405-6.

MR T, XIS, FRkkh, & BT QG R E M 4% K R
SO EMEAUNS H AR PRIE RN VD). Tk, 2019, 8(3):
413-424. doi: 10.12000/JR19041.

CHEN Huiyuan, LIU Zeyu, GUO Weiwei, et al. Fast

42301. doi:

detection of ship targets for large-scale remote sensing
image based on a cascade convolutional neural network[J].
Journal of Radars, 2019, 8(3): 413-424. doi: 10.12000/
JR19041.

DU Lan, LI Lu, WEI Di, et al. Saliency-guided single shot
multibox detector for target detection in SAR images[J].
IEEE Transactions on Geoscience and Remote Sensing, (in
press). doi: 10.1109/TGRS.2019.2953936.

AR, B, BHE, S FE TR SIRISAR H AR I M
417). BT 515 2R, 2020, 42(1): 154-163. doi: 10.11999/
JEIT190783.

DU Lan, WEI Di, LI Lu, et al. SAR target detection
network via semi-supervised learning[J]. Journal of
Electronics & Information Technology, 2020, 42(1):
154-163. doi: 10.11999/JEIT190783.


http://dx.doi.org/10.11999/JEIT161032
http://dx.doi.org/10.11999/JEIT161032
http://dx.doi.org/10.11999/JEIT161032
http://dx.doi.org/10.1109/LGRS.2018.2867242
http://dx.doi.org/10.1109/LGRS.2018.2867242
http://dx.doi.org/10.1109/LGRS.2018.2867242
http://dx.doi.org/10.12000/JR17009
http://dx.doi.org/10.12000/JR17009
http://dx.doi.org/10.12000/JR17009
http://dx.doi.org/10.3969/j.issn.1001-506X.2018.09.09
http://dx.doi.org/10.3969/j.issn.1001-506X.2018.09.09
http://dx.doi.org/10.3969/j.issn.1001-506X.2018.09.09
http://dx.doi.org/10.1109/ACCESS.2018.2825376
http://dx.doi.org/10.1109/ACCESS.2018.2825376
http://dx.doi.org/10.11999/JEIT180050
http://dx.doi.org/10.11999/JEIT180050
http://dx.doi.org/10.11999/JEIT180050
http://dx.doi.org/10.12000/JR19097
http://dx.doi.org/10.12000/JR19097
http://dx.doi.org/10.1007/s11432-017-9405-6
http://dx.doi.org/10.12000/JR19041
http://dx.doi.org/10.12000/JR19041
http://dx.doi.org/10.12000/JR19041
http://dx.doi.org/10.12000/JR19041
http://dx.doi.org/10.1109/TGRS.2019.2953936
http://dx.doi.org/10.1109/TGRS.2019.2953936
http://dx.doi.org/10.11999/JEIT190783
http://dx.doi.org/10.11999/JEIT190783
http://dx.doi.org/10.11999/JEIT190783
http://dx.doi.org/10.11999/JEIT190783
http://dx.doi.org/10.11999/JEIT161032
http://dx.doi.org/10.11999/JEIT161032
http://dx.doi.org/10.11999/JEIT161032
http://dx.doi.org/10.1109/LGRS.2018.2867242
http://dx.doi.org/10.1109/LGRS.2018.2867242
http://dx.doi.org/10.1109/LGRS.2018.2867242
http://dx.doi.org/10.12000/JR17009
http://dx.doi.org/10.12000/JR17009
http://dx.doi.org/10.12000/JR17009
http://dx.doi.org/10.3969/j.issn.1001-506X.2018.09.09
http://dx.doi.org/10.3969/j.issn.1001-506X.2018.09.09
http://dx.doi.org/10.3969/j.issn.1001-506X.2018.09.09
http://dx.doi.org/10.1109/ACCESS.2018.2825376
http://dx.doi.org/10.1109/ACCESS.2018.2825376
http://dx.doi.org/10.11999/JEIT180050
http://dx.doi.org/10.11999/JEIT180050
http://dx.doi.org/10.11999/JEIT180050
http://dx.doi.org/10.12000/JR19097
http://dx.doi.org/10.12000/JR19097
http://dx.doi.org/10.1007/s11432-017-9405-6
http://dx.doi.org/10.12000/JR19041
http://dx.doi.org/10.12000/JR19041
http://dx.doi.org/10.12000/JR19041
http://dx.doi.org/10.12000/JR19041
http://dx.doi.org/10.1109/TGRS.2019.2953936
http://dx.doi.org/10.1109/TGRS.2019.2953936
http://dx.doi.org/10.11999/JEIT190783
http://dx.doi.org/10.11999/JEIT190783
http://dx.doi.org/10.11999/JEIT190783
http://dx.doi.org/10.11999/JEIT190783
http://dx.doi.org/10.11999/JEIT161032
http://dx.doi.org/10.11999/JEIT161032
http://dx.doi.org/10.11999/JEIT161032
http://dx.doi.org/10.1109/LGRS.2018.2867242
http://dx.doi.org/10.1109/LGRS.2018.2867242
http://dx.doi.org/10.1109/LGRS.2018.2867242
http://dx.doi.org/10.12000/JR17009
http://dx.doi.org/10.12000/JR17009
http://dx.doi.org/10.12000/JR17009
http://dx.doi.org/10.3969/j.issn.1001-506X.2018.09.09
http://dx.doi.org/10.3969/j.issn.1001-506X.2018.09.09
http://dx.doi.org/10.3969/j.issn.1001-506X.2018.09.09
http://dx.doi.org/10.1109/ACCESS.2018.2825376
http://dx.doi.org/10.1109/ACCESS.2018.2825376
http://dx.doi.org/10.11999/JEIT180050
http://dx.doi.org/10.11999/JEIT180050
http://dx.doi.org/10.11999/JEIT180050
http://dx.doi.org/10.12000/JR19097
http://dx.doi.org/10.12000/JR19097
http://dx.doi.org/10.1007/s11432-017-9405-6
http://dx.doi.org/10.12000/JR19041
http://dx.doi.org/10.12000/JR19041
http://dx.doi.org/10.12000/JR19041
http://dx.doi.org/10.12000/JR19041
http://dx.doi.org/10.1109/TGRS.2019.2953936
http://dx.doi.org/10.1109/TGRS.2019.2953936
http://dx.doi.org/10.11999/JEIT190783
http://dx.doi.org/10.11999/JEIT190783
http://dx.doi.org/10.11999/JEIT190783
http://dx.doi.org/10.11999/JEIT190783

54

Hif

Ej 4 FEoL

g3

£ & & N

o 22(1980-), Zo, ALIREAN,
&, B 2007HAEVE L TR
ML TR 22 B 3k L2, 20074
8 H E 200949 H 1E 3% M AL 7 K2 15
THENL TR R L 5 Ui A AL, Bi4E
Nl N (LU TR R T TR R
o TEMFATAEEERRG. FEESLHE., Pl
#2>], fEIEEE Trans. SP, JMLR, ESWA, IS, PR, IEEE
Trans. GRS, IEEE Trans. AES, IEEE J-STARSHINIPS%:
B A AT s E PR W DU —EE BOBEEEE KRR
B0AR G, B K/ H G EF20R5, £ RAEEBR. EHA
SUHRRBIR Y, JFZ RIS Sl k.
E-mail: dulan@mail.xidian.edu.cn

IR (1990-), 55, WWRBOEAN,

+, PRI 2018FEAEVE Z T RHE K
HIAAE T AT [ X SR AR L

A BURERTE Tk TR T
‘ . BT, £ TR ) NSAR K&
BRI, SAR FARKSII S L.

E-mail: zcwang@hebut.edu.cn

* #M(1990-), Z, WPEEFEAN, 1F
dro 2019FAEVE % B T RHER R TR
BILRSHRA M 20, S TAETH
i 2 ok B T O ) R FL T ORI
Bro FEMFITANSARBIGAE, H
PRI Hldsss )4

E-mail: wangyanpx@163.com

Bo(1995-), 5, BREDURA. Fiw
LT RHEOR 2 R K15 5 A B K sk
o LR AR, FEBEA TN
SAREIM& HAstarll, Blds:>I55.
E-mail: xdweidi@126.com

% B(1992), L, RGN, Pis
HL PR R 2 R 15 5 A 3 ] 5K B K
WL, W55 MvSAREME
= NI 2= I NI s AN S A S
RbPRAE,

E-mail: 1uli710071@163.com




