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Abstract: Wide-swath Synthetic Aperture Radar (SAR), represented by TopSAR and ScanSAR acquisition
modes, can observe a vast area of ocean scenes. However, achieving wide-swath reduces the quality of imaging
resolution, which causes the ships captured in wide-swath SAR images to not have clear structural
characteristics. This phenomenon brings a great challenge to the identification of large maritime ships. Further,
the lack of wide-swath SAR sample data of large critical ships, such as moving aircraft carriers and amphibious

ships, makes the identification of maritime moving ships difficult. To solve this problem, we construct a wide-
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swath SAR large maritime moving ships dataset, which includes 2291 samples. The dataset is divided into the

following categories: large military ships, large civilian ships of lengths greater than 250 m, and large civilian

ships of lengths between 150~250 m. The construction process of the dataset is as follows: first, the sample

data of large military ships in the port area are obtained from prior knowledge; second, the sample data of large

civilian ships are obtained via the length screening of OpenSARShip dataset with attribute information; finally,

the imaging results of moving ships at sea are simulated by adding quadratic phase error in a range-Doppler

domain. This study also analyzes the recognition performance of the constructed dataset and motion simulation

of the processed data using classical recognition algorithms and deep learning methods. Experimental results

show that using SAR image complex information at low resolution can improve the recognition rate of the

algorithm to a certain extent, and the defocusing problem of the moving ship target has a considerable impact

on the recognition accuracy.

Key words: Synthetic Aperture Radar (SAR); Wide-swath; Motion simulation; Large ship
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Fig. 1 Comparison of major aircraft carriers and amphibious ships in the world

(1) ¥ E A H AngicE D B DUAERf T3,
/Rl ) SEIRS AR oRBGE BN B br B EdE .

(2) HE O HEA RBLEEMM H AR, (B L
LA AL T2 3RS T 2 S SARBUZ 45 R 7= A
£, WO TS A AN B AR BOE H AN IE A Tl B
i B AR .

(3) TETMESARE G BUG » Hr BARHIE LT,
g EORBAE B br A BN ARG =m0 R T F
B anE R, FEREEEGSEEED.

XFt, ARSCHIE T SRS ARG K ALIE B
HAr EUG SR 4, 1 Eg R T 7. EE W
BT S TR R 25 R

(1) HEHE 2556 %0 IR 7E Sentinel-1 TWHE 20 11 18]
B EIREUF AR KRB SRS B ARFEA (WIRE, PR
R) o FIF @ PESCE E X OpenSARShip B di 48 i3t
TKEE, IRIFEE>150 mi I HAAR B ARFEA

(2) K AL R 8- 22 W B s n — AR AL R 22 1)

Jrid, WSRO HARFEAS AT 30 5 HoR
Rl Bigah TR R AR

(3) A FH 28 i VR 3 S0 R 2 2 > T 10 n ey 2
UTE MRS ARG B RALZ ST H Ax G K SR 3E 4T
TRy, JF i T HAR R HUE LR LR
HfE BB R RE A2 o

ASCN B RGALIRS NN AT R IT: 527 %8
MESARME E XA SN H AR B BB, 1F
PN ERIE DN e SIS R R ik SR SR
KA AU B b R R B AR & 1230 H bRk
G BL A f iz 30 17 B 5 AR SRR . B3 N3
FERARAITERE BT, VEAR AL . LG
BRI R G M. AT AN FBEAT 245

2  FIESARE L ARZEMABREIGE
EERME

AT SRS AR E KR IE sh LA H A o #cs JF



350 H

B

¥k

11k

Wb, UH ARG KRB ZEHAA H bR XA g
FSentinel-1 4 M OpenSARShipE i £ 2 T —
MRS ARG KA E s B As RS RE. &
2, ISR AR FE Sentinel-1 TWHR 2 1) 11 [X 45
AT B R B ZEH AN B As (T2 BEAL . PO A

ROFEA; Hk, HFIHE M SCHHE EXTOpenSARShip
BT KERL, FEKE>150 mi R M
MY EFRREA; )5, 7E0EE- 2888 — kAl
PR 22 AT 18 B F R AL 12 20N H bR ik
BAER . E2NBIEEMERE.

PV L ZE S ) AR A T
Hi TR £ [E kA
Alaska Satellite Facility R AR i KB AL B AR AR 7 i
(ASF) DAAC 35 A R IR T OpenSARShip Bk
A 11 7
v o K E=150 mALA
S22 P & S B AR T
v
A B AR (LE S JhRee
AT E A7 (LR, AL RARIMSE RIS W)

v

B
£ B - 22 BN I — IR AR R 22

v

FIESARME B RTLIZ A B b B G Hdm g

2 B

Fig. 2 Dataset construction process
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Tab. 2 Experimental setup for the influence of complex

information on recognition performance
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Tab. 3 Experimental results of the effect of complex

information on recognition performance
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Tab. 4 Experimental results of civilian ship recognition
k2% Hdiw HET R (%) ol HERER (%) Ko HEREE (%)
SVM+GLGM ¢ 66.33 D 65.66 E 64.70
VGG16Net ¢ 69.10 D 68.51 E 67.26
GoogLeNet C 69.96 D 68.38 E 68.18
ResNet18 C 71.28 D 70.42 E 68.18
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Tab. 5 Mixed data F recognition experimental results

X &% HER (%)
SVM+GLGM 47.17
VGG16Net 74.43
GoogLeNet 74.36
ResNet18 77.05
B ResNet 78.29
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Tab. 6 Experimental setup of the influence of motion simulation

on recognition performance
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Tab. 7 Experimental results of the influence of motion simulation on recognition performance

A5 SER TR SLIGHAE JunOFE#%(%) min LRI (%) min2AE 1 % (%) HERR (%)
SVM+GLGM A2 97.96 68.81 73.39 55.13
VGG16Net A2 98.64 82.36 83.24 87.59
1 GoogLeNet A2 99.80 77.96 82.68 86.13
ResNet18 A2 99.60 82.98 83.80 88.35
i ResNet A2 100 90.60 83.44 90.75
SVM+GLGM B2 98.98 62.39 75.23 53.37
VGG16Net B2 98.44 72.72 76.28 81.77
2 GoogLeNet B2 99.40 78.38 81.66 85.94
ResNet18 B2 99.60 83.80 79.36 86.89
M ResNet B2 100 78.72 86.40 87.02
SVM+GLGM G2 97.96 61.47 71.56 52.75
VGG16Net G2 95.74 72.28 72.60 79.11
3 GoogLeNet G2 100 76.68 82.06 85.31
ResNet18 G2 99.60 77.40 83.88 85.94
i ResNet G2 100 76.54 85.50 86.26
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Fig. 14 Large ship target motion simulation image

RS LA H br B GBS 1 AT T, B AR
ER(SPSEPSE

s v AL SRS R AT
1.0 | =jun0 1.0 w2 = jun0
=minl F‘ =minl
= min2 = ¢ gt = min2
0.8 0.8 | =" é
» el E
N o~ i e
\)'\l:]_ :\l:l_ - ‘o:-':.
i 0.6 #* 0.6 ¥
:ﬂ‘:\l & e
& &> L
2 ) s d
Z. 04 3 z. 04 :‘_-‘\-P
<z R .
) 0.2 ) 0.2 i
2t 2t rE
of
0 F 0k .?“‘
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
t-SNEFFAERFEL t-SNEFFAERFAIEL
(a) HHE A2FT AL B BS0# ResNet J7 25 AR 51 25 SLARFAIE AT AL
(a) Data A2 visualization and improved ResNet method’s recognition result visualization
Hd T ML KIS R AT
1.0 F «jun0 1.0 « jun0
=minl % =minl
= min2 *min2
08 f . 08 | 3
] N -}I
& i '
# 0.6 i 0.6 "& (!
& > = 3
& & % ‘*.
= Ea ,
z 04 r z 04 r ]
0.2 f 0.2 f ¥
4
4
0 -I 1 1 1 1 1 0 -I 1 l 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0

t-SNEFF4ERFEL

t-SNERF4EREEL

(b) FIEB2AT MY K B3 R esNet J5 925 (1) 1R 51 45 FLAFAE AT ARLAK

(b) Data B2 visualization and improved ResNet method’s recognition result visualization

15 HHfs X R S5 RAFIE W LA

Fig. 15 Visualization of data and recognition result



360 %Ok

2
¥

Ej 4 F11%

(1) EFxtHb 5 IES AR EG KBRS B A Z s
A A B AR A ), AR SCAE317 5 Sentinel-1
W VR AR e 38 JR SR E 1 45 9 1 R 2R S B Al
M EARAEA (UEE. PIAAL), FE/EOpenSARShip%k
Pr AR AT B 0 0 OR BE K BE>150 m i) K 2 IR A AR
i B AR

(2) HRIESAR T EXTIZE H A g i 2 7= Ak —
AN USRS R 2 A AR ) B R
AR I AE R BN H bw i R 5 - 22 38 S e s n —
UABAL R 22 AT I8 s Bk B EALAE B bRz 3)
IR S5 R . MR T TEIES AR L R AZ Zh AT H
AR, R 22014 KRN H FREEAR .

(3) ad e A FH 8 B3R ) SV FNR B 2 =) T vxd
MR 1) IR S AR K BLIZ S MG H br B G B s 4
BEAT TR RE o, JE R S B 5 SR mT RN AEAR o
FIEH T KHSARKGEEE B I —EfE % -
FEEEIEN BN, I HIiEsh B bR A8 s )
x}) \tﬂxﬁz LH— e, FEE HraCERE I
FCAT R Ak 2

Iﬁlﬁﬁﬂiiiﬁ?ﬂé\fﬁitﬁiﬂﬁﬂﬁ“ H AR E S Ay
AR E AR AR T 2 5 o) .

2 & M

(1] ARG, tERHE, BERIES, 5. HRWS SAR BRI H AR AL

FRBFFGIR[T]. THEZIR, 2015, 4(1): 107-121. doi: 10.
12000/JR14144.
XING Xiangwei, JI Kefeng, KANG Lihong, et al. Review of
ship surveillance technologies based on high-resolution wide-
swath synthetic aperture radar imaging[J]. Journal of
Radars, 2015, 4(1): 107-121. doi: 10.12000/JR14144.

(2] . BTG SARK H AR EERI D). (ML), 7
ZHRTRHHCRE, 2018: 15-21.

LI Jian. Study on spaceborne SAR with wide swath and
target detection[D]. [Ph. D. dissertation], Xidian University,
2018: 15-21.

[3] RANEY R K, LUSCOMBE A P, LANGHAM E J, et al
RADARSAT (SAR imaging)[J]. Proceedings of the IEEE,
1991, 79(6): 839-849. doi: 10.1109/5.90162.

4] E#%, ZFx, FTH, % RADARSAT PEM[]]. BRELR,
2007(2): 82-85, 27. doi: 10.3969/].issn.1000-3177.2007.02.
019.

KUANG Yan, LI An, LI Ziyang, et al. RADARSAT
satellite overview[J]. Remote Sensing Information, 2007(2):
82-85, 27. doi: 10.3969/j.issn.1000-3177.2007.02.019.

[5]  HKIKE. o= PESRBIT S RBEOR[T]. WL MK,
2017, 46(3): 269-277. doi: 10.11947/j.AGCS.2017.20170049.
ZHANG Qingjun. System design and key technologies of the
GF-3 satellite[J]. Acta Geodaetica et Cartographica Sinica,

[10]

[11]

[12]

[13]

[14]

[15]

2017, 46(3): 269-277. doi: 10.11947/j.AGCS.2017.20170049.
SUN Zhongzhen, DAI Muchen, LENG Xiangguang, et al.
An anchor-free detection method for ship targets in high-
resolution SAR images[J]. IEEE Journal of Selected Topics
in Applied FEarth Observations and Remote Sensing, 2021,
14: 7799-7816. doi: 10.1109/JSTARS.2021.3099483.
KANKAKU Y, SUZUKI S, and OSAWA Y. ALOS-2
mission and development status[C]. 2013 IEEE
International Geoscience and Remote Sensing Symposium-
IGARSS, Melbourne, Australia, 2013: 2396-2399. doi: 10.
1109/IGARSS.2013.6723302.

VAN WIMERSMA GREIDANUS H and SANTAMARIA S C.
First analyses of Sentinel-1 images for maritime
surveillance[R]. JRC92666, 2014. doi: 10.2788/132810.
SANTAMARIA C, ALVAREZ M, GREIDANUS H, et al.
Mass processing of Sentinel-1 images for maritime
surveillance[J]. Remote Sensing, 2017, 9(7): 678. doi: 10.
3390/rs9070678.

GEUDTNER D, TORRES R, SNOELJ P, et al. Sentinel-1
system capabilities and applications[C]. 2014 IEEE
Geoscience and Remote Sensing Symposium, Quebec City,

Canada, 2014: 1457-1460. doi: 10.1109/IGARSS.2014.

6946711.
TE=E, KEH, T, F B ERSARRKRE T2l
23 B AR UG EET AT, BT 51E B 5k, 2020, 42(3)

541-546. doi: 10.11999/JEIT190211.

WANG Yuying, ZHANG Zhimin, LI Ning, et al. A moving
target imaging approach for the multichannel in azimuth
high resolution wide swath SAR system[J]. Journal of
Electronics & Information Technology, 2020, 42(3):
541-546. doi: 10.11999/JEIT190211.

Wi, T, ZER, S5 T A U 46 R NI e o R
SARZ) Hbr G A ], Fik %4k, 2020, 9(1): 166-173. doi:
10.12000/JR19060.

PAN Jie, WANG Shuai, LI Daojing, et al. High-resolution
wide-swath SAR moving target imaging technology based
on distributed compressed sensing[J]. Journal of Radars,
2020, 9(1): 166-173. doi: 10.12000/JR19060.

MY, B, 5k, 5. ARERSARTEAR EEH[I]. &
kAR, 2020, 9(1): 1-33. doi: 10.12000/JR20008.
DENG Yunkai, YU Weidong, ZHANG Heng,
Forthcoming spaceborne SAR development[J]. Journal of
Radars, 2020, 9(1): 1-33. doi: 10.12000/JR20008.

LI Jianwei, QU Changwen, and SHAO Jiagi. Ship detection
in SAR images based on an improved faster R-CNNJ[C].
2017 SAR in Big Data Era: Models, Methods and
Applications (BIGSARDATA), Beijing, China, 2017: 1-6.
doi: 10.1109/BIGSARDATA.2017.8124934.

WANG Yuanyuan, WANG Chao, ZHANG Hong, et al. A
SAR dataset of ship detection for deep learning under

et al.


https://doi.org/10.12000/JR14144
https://doi.org/10.12000/JR14144
https://doi.org/10.12000/JR14144
https://doi.org/10.12000/JR14144
https://doi.org/10.1109/5.90162
https://doi.org/10.1109/5.90162
https://doi.org/10.3969/j.issn.1000-3177.2007.02.019
https://doi.org/10.3969/j.issn.1000-3177.2007.02.019
https://doi.org/10.3969/j.issn.1000-3177.2007.02.019
https://doi.org/10.3969/j.issn.1000-3177.2007.02.019
https://doi.org/10.11947/j.AGCS.2017.20170049
https://doi.org/10.11947/j.AGCS.2017.20170049
https://doi.org/10.11947/j.AGCS.2017.20170049
https://doi.org/10.1109/JSTARS.2021.3099483
https://doi.org/10.1109/JSTARS.2021.3099483
https://doi.org/10.1109/IGARSS.2013.6723302
https://doi.org/10.1109/IGARSS.2013.6723302
https://doi.org/10.1109/IGARSS.2013.6723302
https://doi.org/10.2788/132810
https://doi.org/10.2788/132810
https://doi.org/10.3390/rs9070678
https://doi.org/10.3390/rs9070678
https://doi.org/10.3390/rs9070678
https://doi.org/10.1109/IGARSS.2014.6946711
https://doi.org/10.1109/IGARSS.2014.6946711
https://doi.org/10.1109/IGARSS.2014.6946711
https://doi.org/10.11999/JEIT190211
https://doi.org/10.11999/JEIT190211
https://doi.org/10.11999/JEIT190211
https://doi.org/10.12000/JR19060
https://doi.org/10.12000/JR19060
https://doi.org/10.12000/JR19060
https://doi.org/10.12000/JR20008
https://doi.org/10.12000/JR20008
https://doi.org/10.12000/JR20008
https://doi.org/10.1109/BIGSARDATA.2017.8124934
https://doi.org/10.1109/BIGSARDATA.2017.8124934
https://doi.org/10.12000/JR14144
https://doi.org/10.12000/JR14144
https://doi.org/10.12000/JR14144
https://doi.org/10.12000/JR14144
https://doi.org/10.1109/5.90162
https://doi.org/10.1109/5.90162
https://doi.org/10.3969/j.issn.1000-3177.2007.02.019
https://doi.org/10.3969/j.issn.1000-3177.2007.02.019
https://doi.org/10.3969/j.issn.1000-3177.2007.02.019
https://doi.org/10.3969/j.issn.1000-3177.2007.02.019
https://doi.org/10.11947/j.AGCS.2017.20170049
https://doi.org/10.11947/j.AGCS.2017.20170049
https://doi.org/10.11947/j.AGCS.2017.20170049
https://doi.org/10.1109/JSTARS.2021.3099483
https://doi.org/10.1109/JSTARS.2021.3099483
https://doi.org/10.1109/IGARSS.2013.6723302
https://doi.org/10.1109/IGARSS.2013.6723302
https://doi.org/10.1109/IGARSS.2013.6723302
https://doi.org/10.2788/132810
https://doi.org/10.2788/132810
https://doi.org/10.3390/rs9070678
https://doi.org/10.3390/rs9070678
https://doi.org/10.3390/rs9070678
https://doi.org/10.1109/IGARSS.2014.6946711
https://doi.org/10.1109/IGARSS.2014.6946711
https://doi.org/10.1109/IGARSS.2014.6946711
https://doi.org/10.11999/JEIT190211
https://doi.org/10.11999/JEIT190211
https://doi.org/10.11999/JEIT190211
https://doi.org/10.12000/JR19060
https://doi.org/10.12000/JR19060
https://doi.org/10.12000/JR19060
https://doi.org/10.12000/JR20008
https://doi.org/10.12000/JR20008
https://doi.org/10.12000/JR20008
https://doi.org/10.1109/BIGSARDATA.2017.8124934
https://doi.org/10.1109/BIGSARDATA.2017.8124934

% 33 R

FEMES AR RALE S AL H R Edis 4ot i SRR 1 RE 20 BT 361

[16]

(17]

(18]

(19]

20]

21]

(22]

23]

24]

complex backgrounds[J]. Remote Sensing, 2019, 11(7): 765.
doi: 10.3390/rs11070765.

R, TEE, hu#, &, AIR-SARShip-1.0: &4 #%
SARMUMAT I HHEE [T]. T 23R, 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.

B, KA, BRE, . SO PERSARM A A RHE
ST IR, 2019, 34(6): 789-T97. doi: 10.13443/
j.cjors.2019043008.

BAO Meng, ZHANG Jie, MENG Junmin,

Construction and feature analysis of high resolution SAR

et al.

ship sample set[J]. Chinese Journal of Radio Science, 2019,
34(6): 789-797. doi: 10.13443/j.cjors.2019043008.

HOU Xiyue, AO Wei, SONG Qian, et al. FUSAR-ship:
Building a high-resolution SAR-AIS matchup dataset of
Gaofen-3 for ship detection and recognition[J]. Science
China Information Sciences, 2020, 63(4): 140303. doi: 10.
1007/s11432-019-2772-5.

HUANG Langing, LIU Bin, LI Boying, et al. OpenSARShip:
A dataset dedicated to Sentinel-1 ship interpretation[J].
IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, 2018, 11(1): 195-208.
doi: 10.1109/JSTARS.2017.2755672.

LI Boying, LIU Bin, HUANG Lanqing, et al. OpenSARShip
2.0: A large-volume dataset for deeper interpretation of ship
targets in Sentinel-1 imagery[C]. 2017 SAR in Big Data Era:
Models, Methods and Applications (BIGSARDATA),
Beijing, China, 2017: 1-5. doi: 10.1109/BIGSARDATA.
2017.8124929.

ZUHLKE M, FOMFERRA N, BROCKMANN C, et al.
SNAP (sentinel application platform) and the ESA sentinel
3 toolbox[C]. Proceedings of Sentinel-3 for Science
‘Workshop, Venice, Italy, 2015: 21.

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, 2020, 17(11): 1933-1937.
doi: 10.1109/LGRS.2019.2960095.

FRart, RIRiE, N, 5. PG T X0EE 2 HSARKIB)
BRI IBA[T). HBF2ER, 2007, 35(9): 1794-1798. doi: 10.
3321/j.issn:0372-2112.2007.09.037.

ZHANG Xujin, ZHU Zhaoda, DENG Haitao, et al. A
moving target detection method for dual-aperture
spaceborne SAR[J]. Acta Electronica Sinica, 2007, 35(9):
1794-1798. doi: 10.3321/j.issn:0372-2112.2007.09.037.

FIBY, EIR, WA, & AT 4R EHSARIZS) H R
REFVE [T, BT 55 8%, 2019, 41(6): 1287-1293.

[25]

[26]

[27]

(28]

[29]

[30]

[31]

32]

[33]

doi: 10.11999/JEIT180663.

YAN He, WANG Jue, HUANG lJia, et al. A moving-targets
detection algorithm for spaceborne SAR system based on
two-dimensional velocity search method[J]. Journal of
Electronics & Information Technology, 2019, 41(6):
1287-1293. doi: 10.11999/JEIT180663.

TRIE K, HKIERR. 123 HARKTSARMAR KISEM [J]. MM B
1, 2014, 37(1): 49-52, 67. doi: 10.3969/].issn.1673-9167.
2014.01.012.

ZHANG Daocheng and ZHANG Zhengcheng. Influence of
moving targets on SAR imaging[J]. Shipboard Electronic
Countermeasure, 2014, 37(1): 49-52, 67. doi: 10.3969/j.issn.
1673-9167.2014.01.012.

Rk, WaT, WA, & T TS S LRREY I
SARZIETE MR HFR4E1[J]. #ik2#4k, 2021, 10(1): 159-172.
doi: 10.12000/JR20106.

MA Lin, PAN Zongxu, HUANG Zhongling, et al.
Multichannel false-target discrimination in SAR images
based on sub-aperture and full-aperture feature learning[J].
Journal of Radars, 2021, 10(1): 159-172. doi: 10.12000/
JR20106.

BEY, ube, AR, & B PR 2 RSARERIEE H iR
WA RS S Hh T[] BIA AR, 2017, 6(2): 213-220.
doi: 10.12000/JR17005.

WEN Xuegjiao, QIU Xiaolan, YOU Hongjian, et al. Focusing
and parameter estimation of fluctuating targets in high
resolution spaceborne SAR[J]. Journal of Radars, 2017,
6(2): 213-220. doi: 10.12000/JR17005.

HARTIGAN J A and WONG M A. Algorithm AS 136: A k-
means clustering algorithm[J].
Statistical Society. Series ¢ (Applied Statistics), 1979, 28(1):
100-108. doi: 10.2307/2346830.

THORNDIKE R L. Who belongs in the family?[J].
Psychometrika, 1953, 18(4): 267-276. doi: 10.1007/
bf02289263.

BURGES C J C. A tutorial on support vector machines for

Journal of the Royal

pattern recognition[J]. Data Mining and Knowledge
Discovery, 1998, 2(2): 121-167. doi: 10.1023/A:
1009715923555.

SMOLA A J and SCHOLKOPF B. A tutorial on support
vector regression[J]. Statistics and Computing, 2004, 14(3):
199-222. doi: 10.1023/B:STCO.0000035301.49549.88.
SIMONYAN K and ZISSERMAN A. Very deep
convolutional networks for large-scale image recognition[C].
3rd International Conference on Learning Representations,
San Diego, USA, 2014.

SZEGEDY C, LIU Wei, JIA Yangqing, et al. Going deeper
with convolutions[C]. The 2015 IEEE Conference on
Computer Vision and Pattern Recognition, Boston, USA,

2015: 1-9. doi: 10.1109/CVPR.2015.7298594.


https://doi.org/10.3390/rs11070765
https://doi.org/10.3390/rs11070765
https://doi.org/10.12000/JR19097
https://doi.org/10.12000/JR19097
https://doi.org/10.12000/JR19097
https://doi.org/10.12000/JR19097
https://doi.org/10.13443/j.cjors.2019043008
https://doi.org/10.13443/j.cjors.2019043008
https://doi.org/10.13443/j.cjors.2019043008
https://doi.org/10.13443/j.cjors.2019043008
https://doi.org/10.1007/s11432-019-2772-5
https://doi.org/10.1007/s11432-019-2772-5
https://doi.org/10.1007/s11432-019-2772-5
https://doi.org/10.1109/JSTARS.2017.2755672
https://doi.org/10.1109/JSTARS.2017.2755672
https://doi.org/10.1109/BIGSARDATA.2017.8124929
https://doi.org/10.1109/BIGSARDATA.2017.8124929
https://doi.org/10.1109/BIGSARDATA.2017.8124929
https://doi.org/10.1109/LGRS.2019.2960095
https://doi.org/10.1109/LGRS.2019.2960095
https://doi.org/10.3321/j.issn:0372-2112.2007.09.037
https://doi.org/10.3321/j.issn:0372-2112.2007.09.037
https://doi.org/10.3321/j.issn:0372-2112.2007.09.037
https://doi.org/10.3321/j.issn:0372-2112.2007.09.037
https://doi.org/10.11999/JEIT180663
https://doi.org/10.11999/JEIT180663
https://doi.org/10.11999/JEIT180663
https://doi.org/10.3969/j.issn.1673-9167.2014.01.012
https://doi.org/10.3969/j.issn.1673-9167.2014.01.012
https://doi.org/10.3969/j.issn.1673-9167.2014.01.012
https://doi.org/10.3969/j.issn.1673-9167.2014.01.012
https://doi.org/10.3969/j.issn.1673-9167.2014.01.012
https://doi.org/10.12000/JR20106
https://doi.org/10.12000/JR20106
https://doi.org/10.12000/JR20106
https://doi.org/10.12000/JR20106
https://doi.org/10.12000/JR17005
https://doi.org/10.12000/JR17005
https://doi.org/10.12000/JR17005
https://doi.org/10.2307/2346830
https://doi.org/10.2307/2346830
https://doi.org/10.1007/bf02289263
https://doi.org/10.1007/bf02289263
https://doi.org/10.1007/bf02289263
https://doi.org/10.1023/A:1009715923555
https://doi.org/10.1023/A:1009715923555
https://doi.org/10.1023/A:1009715923555
https://doi.org/10.1023/B:STCO.0000035301.49549.88
https://doi.org/10.1023/B:STCO.0000035301.49549.88
https://doi.org/10.1109/CVPR.2015.7298594
https://doi.org/10.1109/CVPR.2015.7298594
https://doi.org/10.3390/rs11070765
https://doi.org/10.3390/rs11070765
https://doi.org/10.12000/JR19097
https://doi.org/10.12000/JR19097
https://doi.org/10.12000/JR19097
https://doi.org/10.12000/JR19097
https://doi.org/10.13443/j.cjors.2019043008
https://doi.org/10.13443/j.cjors.2019043008
https://doi.org/10.13443/j.cjors.2019043008
https://doi.org/10.13443/j.cjors.2019043008
https://doi.org/10.1007/s11432-019-2772-5
https://doi.org/10.1007/s11432-019-2772-5
https://doi.org/10.1007/s11432-019-2772-5
https://doi.org/10.1109/JSTARS.2017.2755672
https://doi.org/10.1109/JSTARS.2017.2755672
https://doi.org/10.1109/BIGSARDATA.2017.8124929
https://doi.org/10.1109/BIGSARDATA.2017.8124929
https://doi.org/10.1109/BIGSARDATA.2017.8124929
https://doi.org/10.1109/LGRS.2019.2960095
https://doi.org/10.1109/LGRS.2019.2960095
https://doi.org/10.3321/j.issn:0372-2112.2007.09.037
https://doi.org/10.3321/j.issn:0372-2112.2007.09.037
https://doi.org/10.3321/j.issn:0372-2112.2007.09.037
https://doi.org/10.3321/j.issn:0372-2112.2007.09.037
https://doi.org/10.11999/JEIT180663
https://doi.org/10.11999/JEIT180663
https://doi.org/10.11999/JEIT180663
https://doi.org/10.3969/j.issn.1673-9167.2014.01.012
https://doi.org/10.3969/j.issn.1673-9167.2014.01.012
https://doi.org/10.3969/j.issn.1673-9167.2014.01.012
https://doi.org/10.3969/j.issn.1673-9167.2014.01.012
https://doi.org/10.3969/j.issn.1673-9167.2014.01.012
https://doi.org/10.12000/JR20106
https://doi.org/10.12000/JR20106
https://doi.org/10.12000/JR20106
https://doi.org/10.12000/JR20106
https://doi.org/10.12000/JR17005
https://doi.org/10.12000/JR17005
https://doi.org/10.12000/JR17005
https://doi.org/10.2307/2346830
https://doi.org/10.2307/2346830
https://doi.org/10.1007/bf02289263
https://doi.org/10.1007/bf02289263
https://doi.org/10.1007/bf02289263
https://doi.org/10.1023/A:1009715923555
https://doi.org/10.1023/A:1009715923555
https://doi.org/10.1023/A:1009715923555
https://doi.org/10.1023/B:STCO.0000035301.49549.88
https://doi.org/10.1023/B:STCO.0000035301.49549.88
https://doi.org/10.1109/CVPR.2015.7298594
https://doi.org/10.1109/CVPR.2015.7298594

362

g

Ej 4 F11%

(34]

[35]

HE Kaiming, ZHANG Xiangyu, REN Shaoqing, et al. Deep
residual learning for image recognition[C]. The 2016 IEEE
Conference on Computer Vision and Pattern Recognition,
Las Vegas, USA, 2016: 770-778. doi: 10.1109/CVPR.2016.90.
W, WL, AR, S5 BT ERes NetW 21 2%
SAREMEMUAR B AR KA J7E[J/OL]. R4 LES B THA:
1-11. http://kns.cnki.net/kems/detail /11.2422.TN.20220225.
0948.018.html, 2022.

£ & &
& A (1997-), B, AR UK
N B R R A L R 2 e -
FeH . EERFUITFOE RE R TR P
PPAt SARIEIE HARE REMEE .

BHOE(1991-), B, AN, i,
E i BHOR F TR A2 BB 202,
TAEFIW. EEH T MO RE E b
I, SAREUGE e AIpLas 5% .

(36]

LEI Yu, LENG Xiangguang, ZHOU Xiaoyan, et al.
Recognition method of ship target in complex SAR image
based on improved Res Net network[J/OL]. Systems
Engineering and Electronics: 1-11. http://kns.cnki.net/
kems/detail /11.2422.TN.20220225.0948.018.html, 2022.
VAN DER MAATEN L and HINTON G. Visualizing data
using t-SNE[J]. Journal of Machine Learning Research,
2008, 9(86): 2579-2605.

FhEAE(1996-), B, LA RN, EB
BHR B R Bl Lo . &
B 5L T RN B e TR B S VA
SAREIME B bRkl

THRHE(1974-), 5, BRAEKEA, 1
t, E B TR b B,
{0, EEHT 7 NSAREG
- WL HARR ISR . R AE SR
SARAFIAISULEL,

(ALt T9)


https://doi.org/10.1109/CVPR.2016.90
https://doi.org/10.1109/CVPR.2016.90
http://kns.cnki.net/kcms/detail/11.2422.TN.20220225.0948.018.html
http://kns.cnki.net/kcms/detail/11.2422.TN.20220225.0948.018.html
http://kns.cnki.net/kcms/detail/11.2422.TN.20220225.0948.018.html
http://kns.cnki.net/kcms/detail/11.2422.TN.20220225.0948.018.html
https://doi.org/10.1109/CVPR.2016.90
https://doi.org/10.1109/CVPR.2016.90
http://kns.cnki.net/kcms/detail/11.2422.TN.20220225.0948.018.html
http://kns.cnki.net/kcms/detail/11.2422.TN.20220225.0948.018.html
http://kns.cnki.net/kcms/detail/11.2422.TN.20220225.0948.018.html
http://kns.cnki.net/kcms/detail/11.2422.TN.20220225.0948.018.html

	1 引言
	2 宽幅SAR海上大型运动舰船目标图像数据集构建
	2.1 停泊大型军事舰船目标样本获取
	2.2 大型民用舰船目标样本筛选
	2.3 海上运动舰船目标仿真
	2.3.1 运动目标成像基础
	2.3.2 运动仿真方法

	2.4 数据集分析
	2.4.1 基本信息
	2.4.2 聚类分析


	3 识别性能分析
	3.1 实验细节及配置
	3.2 实验结果与分析
	3.2.1 评价指标
	3.2.2 实验结果
	3.2.2.1 复数信息对识别性能影响分析
	3.2.2.2 数据集实测性能分析
	3.2.2.3 运动仿真对识别性能影响分析



	4 结论

