T EMSNMAG B Rt 777k
% W, E 9L A

FRILT ¢ |7
h@Ammw

(1. FEAMRZFEER) T S 2 EE B2EBE, AR H 5 266580; 2. H B HTEIZEM Lk, 1WA H5

266000)

WE: AR AN Z#TEEARRES, REFEERZNETEZF R, KL E SSD(single shot multibox
detector) F-ik 69 ah b AUA 5% £ W %-(ResNet, residual network)VE 4 B F W 4&A#& SSD A4 ¥t s 6
SSD Fik i ) F 2 EAUIRALAG B AR, % ok R R A S BB R ARG BILG K, AniR a5 4 4R 19 4
BR, RV AR AR, EREAAMAEE R R SN E ., EAHENIIEE ERITERE, £ REH,
Bt & 69 SSD ik £ MK 4 b 49 3944 -F 394 £ (mAP, mean average precision)# 93%, FH/R44 SSD ik &
T 5.31%, AAIER T %7 Eab TR SSD AL A 694 2ok, AR “EAk—57 IR 03 2 BIRIATIGE,

R AW, AR BB EA AN B AL B AR, T A L E R RS A T A9 MAR SR A M SR B A

XK TEMM; B AN, AL REFT

FEHZES: TP79 X RKFRIRAD: A
DOI: 10.11759/hykx20201108006

Vi TR 2 LA 2R U X B, 7R SR R A A
AR . AR b A IE B i DL SR A 1
BEEAR, X FLHEA TR RIS ) 0 A 0 A T il A A
I3 0 25 4 e FL A T M R TR A R — o
X MU TR, S g B DA I, Hs R
e AT RIS — DX AT “BEAL” WL, DL R
AR B T LI AR A R, IE S e = A,
R 53E M Eh A BB, 53#T B AR O B AR AR

TG A H bR il 75 ik 22 iR 22501 .
AL LTS . Kopsiaftis ZP%%F Skysat-1
PR, FFE 52250 B0k S HT i T SRR
P EAR BRI B A, Rl SE R BE Sl 80%, A
N 80%, AH 2 ME LLE I it A o skl SR <
M—57 RIS, 752 MR BEAL R 3R X 55
DEC L Y B b, 25606k rYis sl o s R BT
DUKG A A BB AT 8O, (HE O R
K, AR FH 20 32 8% T A ] A 1 S B R

Bl & B br il 2E T+ AL e UG K R, 452
B KA I B v, i TR R 2 ST Y B ARG I vk
G E I, FEEIAA Faster RONNP), YOLO!
(you only look once)fll SSD)(single shot multibox
detector)®5 . ITAFR, HFIRIE - ) 2 Hbr ke & vk H
T B TR ok 2, B, sRIER
A Bl LR RO AR R S0 YOLOV2 2% 45 Ky ik £ 7 it
M, B UK TR B A R 28 I 4 10 FH T B A A T R

X EHE: 1000-3096(2021)05-0009-07

FIARAZIN, SEORh 1O 2 WA T A2 A5 40 1 e A
JrEIEARZS 11 X B AP R YOLO
TN 28— B AG I ASE A, ] AL K 4hs: AR 40 o
Z 1B DA 1) AR RL 1 I ARORS A A D00 18 T, TR AR RS
TIKS BE ORI SE T, 30 1 OUIECE AR 53 o B IR
JEE 2 2] AU T0RE A G I = 2 1l 79 A [
— I ERE MR HAREEA, ORI E RS
FICHCAS: D00 3 22 AT R TIC % 1 2 S I ) 5K

AT A WU T AR R AR R, 8 B RTTEAL e
B AR FP PR RE RO DL 1Y SSD Bk I T TR A
PSS FIBRAGLIN, DR AT A, AN SOR T A A Bl
B LTSS ISR A R, e A AR
TR TR, S5 RRY, SR SSD 5
IEAEDRUEHERA I R [RIS, B T ALY ARSI RR

1 FiE

1.1 SSD F%k G

1.1.1 ARG
SSD B LML 1 s, A BRI/
300 x 300, K VGG16"We R ILal %, (78T

Yk 4 2020-11-08; &[] A #1: 2021-01-20

FEEWH: EEE ST E (2017YFC1405600)

[Foundation: National Key R & D Plan, No. 2017YFC1405600]
TEH R A KI(1997—), T, AR T A, BEoEAd, ZENH
HARKE I AFSE, E-mail: 535474915@qq.com

Marine Sciences / Vol. 45, No. 5/2021 9



it

VGGI16 & BUZER H THRAERI, 4% VGGle
(Y T A 42 3% 42 2 e 4 Ry 1 i 1Y 45 B (Conve Al
Conv7), ZJa Xy ZAHER)Z(Conv8_1, Conv8_2,
Conv9 1, Conv9 2, Conv10 1, Conv10 2), i fi—
e R AL JE R AR A 1x1 A9 % H (Convll 2),
1.1.2 ZREFERE

SSD kR H 22 JRUBE FRRAE B A7 R, 36 B
Conv4 3, Conv_7, Conv8 2, Conv9 2, Convl0 2,

' H@ART/CLE

Convl11_2 X $ K /NAS[A] B9 46 FRHAE A T U AR 1R )2,
AT 2 R BAnka il Bk IE)Z i T2 B 4%
AN, EER TR N B AR, TR A R SR RS2 B
R, FEHTRMK Br. & 2 s, XFTFa—
AN ERAE J2 2R A RIS 3 x 3 R/ B BT
B 5 Al FAE LE S5, 43 % i B 2
conf Fl loc, H:H1, A(cy, ¢,y w, B)FE7R T FHE () H 0 A
bR, PEAN R AR, (1, ¢,y ) RN A TR ST

VGG-16EA 7144 (g IEEE T
N 1 []
: \\\ \\\ &}';&%ﬁ

NN NN | |
300 i i 19 : = f;;é

» 4 I >
Z - ! Conv4_B ! |Convé Conv7 bl :> i
\ | (FCO) (FCT) 8 2 e

\
\ 30 ! i
300 | N\ 19 19 i
\\ :
El N 2 1024 1024 512

Conv: 3x3x1024 Conv: 1x1x1024  Conv: 1x1x256 Conv:1x1x128 Conv: 1x1x128  Conv: 1x1x128
Conv: 3x3x512-s2 Conv: 3x3x256-s2 Conv: 3x3%256-s1 Conv: 3x3%256-s1

Kl 1 SSD HiAuLHy
Fig. 1 SSD model structure

|
it P i T4 G
AN
T = =R oc: A (cx, ¢y W,
N CONf: (¢, s €)
(@) WAL AFFHEREG (0) 8 « 8 AFAERE (o) 4 x 4 AFAEI

B2 22 ROBEAG I et o

Fig. 2 Principle of multiscale detection

1.1.3 BRAiE

SSD #1518 Faster RCNN H 4 HENLHI, 76
A TR R AE P AR [) BT IR B T ROEE R 5 A [ 1)
() S B AE LI £14) 30 5 E i L 33 6 S0 56 A Ay 6 v 11
FE—E AR LI SR . — BT, Ao
S E LM, HRERK S A e 25,
2 JiR, DABRE—ANFRAE B 0 i A — A ST R
O, R T RS TE Y S BAE, &R ol AR 4 5
K BGE A e TR AR W S R AE R A T YN 2 o BT
FHAFE E BB B K AR, T a—4
RAE, B C NSy, LABARRT SEgAE Hh o Ashs
() 4 MRS, LT E(CH) x KAMP2E88, TEmxn
ORHIE I bR 2577 A2 (CHA) x K x m x n DTFIME . &

AMRHIE)Z B R T 1 A A A2
S S

max

%(k—l),k e[Lm], (1)

Ho, Spin BRIIEZ M, HAEHR 0.2; Spax BN

e ZHRE, AN 0.9; m R FRIE)Z 5.
FEISAE S S MREONLL, 4 1, 2, 3,

172,173, 545, MR 1B, SeseHE K/ NG5

YNk
YN (2)
TANRHE J2 SE BHE B RUBE RN L 52 8 a3k 1
7 o M AN IR RUEE R L (5 A S B AE, AT DL AR A 55 4%
FRIEAR /N MG, EA AR G 1 o e e

Sk = Smin +

x1 EBREXNEE

Tab.1 Prior box size setting

RS2 JUE Ippi H 1] SEIAE B
Conv4 3 30 1,2,1/2 4

Conv7 60 1,2,3,1/2,13 6
Conv8 2 111 1,2,3,1/2,1/3 6
Conv9 2 162 1,2,3,1/2,1/3 6
Conv10 2 213 1,2,1/2 4
Convll 2 264 1,2,1/2 4

10 WEEERLF /2021 4F /58 45 4% /55 5



it

114 BEEK
SSD B B A BB S PB4, — AR
e, — R B BRAGHE A RY
L8 = (5O e (5L 0)] . ()
Forp, VR SR A T REA B, ¢ 2 3 B 2 o
6, 1SR AR R T PR AL, ¢ SR Al E RO
=2A x R .
F SR R
Lconf (x,c)= _Z ZPOS xij‘l log (éip ) - ZieNeg log (6,10 ) ,(4)
b, 6P WS © B R RE K
S, xP W I AIREE RN ) R AE R .
S R T A 2t

— N k m __ Am
L]oc (x’ l’ g) - ZiePOS Zme(cx,cy,w,h) xij SmOOthLl (ll N gj ) ?

(5)
& =g —d)ray, (6)
&7 =(g7 —d?)/dp %)
o g;
gj =log| ——|, (8)
J [d[w
h
Ah 8j
g =log (d_hj ) C)

Forp, [ BN @ DN IEREAR IR SR, ¢ N
TEFEAR i DL SRS j S JE I tE i Bl H 2245
1.2 Fhwa

SSD HJEH VGGl6 1ENE T M, JH7EH
Feaih ESORE I — R0 LT, VGG16 J2&
—MIRZR BN, h 13 MERUZM 3 A
EELFEZ M, BN S RS R
KA 4 BRAZ K ol 2 2 85 ik 1% () ) 388 A3 338 o 19 4% 1)
TR EE RS R P2 PR BE . B df SSD BRI it &
TORE X ARG s b i H AR AR 55, AR s
5 R 0B A R AT DU SRR, (HEXT T
28 2ok R 4 1 TR A BSOS R 10X 25 R KA H A
() B BRRAE

ResNet!''J&—Fhok 22 [ 4%, FEAZEM A 3 i
7N, Rk 22 i e B 4 AR Y 9B T =X, B R
JEFHE)JZ B FR, SR L — Ak iy 7 OF R 300 R
Bk BN ReLU(rectified linear unit), 783800 M 4556
JE 0[] B 9 A BS80S 0L, kB T IR A R R
o8 FEE 3 2R Al SR PR BE T B

) H@ART/CLE

A

e
PRI R
A

RS ,

§ TR 1

El 3 ResNet #:A L5
Fig. 3 ResNet basic structure

ASCHE SRR SSD ALY Y B 1 I £ 45 4 A ResNet,
¥ ResNet-SSD A, SEHELEM A 4 i, HIR
i SSD #AIZE L, ResNet-SSD LA ResNet50(ResNet
Hhd AR MW RRA) VR N R AE 4R UM 2%, fRE T
ResNet50 #AIAGHET 4 MEFZ(E 4 #1189 Convl,
Conv2 x. Conv3 x. Convd x){ERH T, [EH
R T H ARG 453 Conva x J5 152 ) T AFAE 2
1 RBEARAR, FoAiTHs Conva x WS — ok Z 454 h
AR AR R 11 4 LR R 5T, 3T
/N BRI B EEH, Jf H 245 ResNet50 B2
e SR W ), BN A1 B FRUZ AR S 0 AR Ak
JZ, BRI R R . 7R3 ResNet-SSD 457
FARBIN T MR B, (HR i Tl T 5k 25 45 4 ok
WS, UK BB T 04 [R] Ao Rt A TR

2 £k

2.1 3R3%

SZEGTE Intel Xeon(R) CPU E5-2699 . 64 G INTE .
Windows10 R4t N4 1Y Pytorch M55 N 4T, BHRH
Geforce GTX1080TI, SZ FRHEALE SEUNER 2 FiR .

22 i

HAT, K5 F T H BRI A T4 45 22
BEXFHARENG, R ERERAERD, Hrh a E rm
g b, B, FRATICEE T ok A AN A 9 = 4
Pt m R IEE, K HARDT R 500 x 500 K/ E
%, WM ARG S, Hrhass 1963 kR, 4t
2287 AR B bR R T HE BRI 2R B, FRATRA
Bl . WEMLIESRS . BREHLGT Ho R AR A5 i xR g ot
riah, HEIEEY TN 19630 K E%, ffiH
LableImg #CPFHEFTARE, 75 5 58 5 A4 AL BAS DU 254
o 1ESEg T, ATKEARE S HINGE . RiEgEmM
MERAE, =F ik 8 0 10 1, MATREA I 5 Fis .

Marine Sciences / Vol. 45, No. 5/2021 11



HRRTL » |7
m@mARﬂaf

Conv4_x
Block1
1x1256 F~~__
BT JRelu K17y
(33256 ) ((1x1.25 ) —{ Block2 }—{ Blocks }—{ Block4 }—{ Blocks }—{ Blocks ]
$K 1 | Relu H
/
11,1024 J
,
-
Relu
=
|
150%150%64 75%75%256 38%38%512 | 38%x38x1024 19x19x512 10x10%512 5x5%256 3x3x256 1x1x256

300x300<3 —»{_Convl_|—{ Convz_x }—] convs_x }] conva_x | miHEE || BAFIERS [ BUURHERA | BIAHIERS | B
Conv: 3x3x1024 Conv: 1x1x256 Conv: 1x1x128 Conv: 1x1x128 Conv: 1x1x128
Conv: 1x1x1024 Conv: 3x3x512-s2 Conv: 3x3x256-s2 Conv: 3x3x256-s1 ~ Conv: 3x3x256-s1

IARFIEZ 1

14 ResNet-SSD 5 RIZf 4
Fig. 4 ResNet-SSD model structure

%2 LRRERESY KANIATEDL, WNEL 6, RTLAE AR R gEh, L
Tab. 2 ’sil;e; :I(:lrg':%uratlon parameters of experimental en- B R e 27 10° ppi Fil 90> ppi 2], A ERS SSD
RIS BRI AT T A ORI, AR A SO 4

[WE N ZH -
j’;“,'gfﬁzg\éh Windows10 ,‘.fi‘%"f_i, i&;ngéﬂi%, %gﬂiﬂy Sminy‘:’ 002, Smaxﬂ‘j 04,
CPU Intel Xeon(R) CPU E5-2699 THEAT B SRR 2 S IO HE S H0 8 N3k 3 B
GPU GTX1080TlI/16 G
RAM 64 G *3 FEWEX/NMEK
Tab.3 Prior box size modification
CUDA 10.2 - _ _
cuDNN ny FRIEZE  RUE/ppi L 1) SEYHE R/
Pytorch 15 Conv4 3 3 1,2,1/2 4
Python 316 Conv7 6 1,2,3,1/2, 173 6
Conv8 2 34 1,2,3,1/2,1/3 6
Conv9 2 63 1,2,3,1/2,1/3 6
Convl10 2 91 12,12 4
Convll 2 120 1,2,1/2 4
140 -
120 A
100
= 80
/S LARREA -
Fig. 5 Ship sample 60 1
404
ARSCE RIS RHA] “EMR—57 TR 204
Ui AL 03 AL, S04l 0.92 m, Iy 305, ol s s opoce
300 M, A EEWIEIE RN 4 096 x 3 072, 4% 20 40 60 80 100 140 120
FRFRT 5 18 B J MR/ ppi

55— W51 500 x 500 K/
6 ARMEA/ING AR BT B

23 #X . . AR
Fig.6 Histogram of ship size distribution
HIT SSD AL S B HE 2 B0 i) 1 B X 4G A 2
PR, ARG T Al B B NEAER S SSD Rk RN, A SCIEIR G

12 TEPERLF /2021 4F /55 45 45/ 45 5 1)



it

SSD #RAYFFERE I, FIFH ResNet50 VAT ML th
SSD #Y, FEASCHY B SE TR SGD (stochastic
gradient descent){ALAR XL T L%, PIhR2%>] %k
N 0.001, SRJHBhA ) FRP R, B AU
I, 0 ST RO EEIOICSY, PR A
A 100 000, A FHUINZRAS 2 A9 e 2B R AE U5 Ltk A T
MR, FEE FHEEE 65 FE (mAP, mean average preci-
sion) AR RE, 1HRIZ5 RN 4 Fis.

Fz4 FEEEMNAER
Tab. 4 Test results of different models

CoRllK=RES YRR EE /% FF ] /s
SSD 87.69 28
et J5 1) SSD 93 21
2.4 oW

% 4 7T LA H, Sl E 1) SSD 5k mAP fH N
93%, AHLLIELG SSD Bk m 1 5.31%, I Higf7hf
IR T 7 s 3 36 WARAE SR BOW T 4 A RS 2 1Y
SUMAR R, ASCH RS ResNet50 4R FREUM 4% i T
el FH 25 )2 3 42 A% 38 1 O 20K 6 BUG 1S (R AIE 5 i
NFHE#EAT AT, WS8R R e 50 IR T 4%
L SR S W 9 oy = CTR 2 9 1 A = N
ZEURBERE TN, RGBS AT B HR R, UER T Ak 2 4 1Y
S HERE

SR e ) SSD B X T AR P oA H
PRk ae Ty, R “H AR5 TR T
SEBRMEATATIN, A SR A IS R A 7 s, B
SRR TR AE R RIS B AR . S T ST A
DRI BE, TR B 25 R A SRR I e, AR SR
JH AL ARG I it J5T PR o X8 A 00 45 SR 2R 47 7 £ 40

Nt
Nf +Ng ’
Horb, NS BARIERR R IECH , Nk H bR
BH, N, BRI HFRECH, LA, Fou
R DRG0 14 R R AT

H % 5 AT, BaER e ) SSD Bk s H AR
H4ro 2k 15 A1 10, EHF E4AR%H 535008 21 F1
26, VLEHXTF RN B AR, SSD 1 AR e % i
LR Rl B TR oAl S AN 11972 B 3 = = N
Y TR A R T A bR . SGERT IS S SSD
L HARECE B0 S R, DI AR 22 R 2K fig
AR Gy 1 e B 81 R R A B 3 R Y R 1 P g

Fou = (10)

' H@ART/CLE

W&, ZiEkE, kI SSD ¥ Fou M 0.703, It
JEH SSD AR T 0.191, PEIAA SCHIEALAER
AR G- 1l )37 T T8 R AR A A, O LRSI A%
R GR SSD vk i

x5 TREEEMEER
Tab.5 Detection results of different models
B R HEE EEOAR BTSN Fou
SSD 15 5 21 0.512
ResNet-SSD 10 1 26 0.703

Bl 7 AR SCRE ML 45 R

Fig. 7 Satellite video detection results

3 i

EEXP AL GO B AR AR A R R R, MELLE
I A ek 0 ) TR AL, A SOH A AL S PR H AR G o
PEREILSR A SSD FEE T TLE UL H A il
IFAEIELG SSD MBARLELAR A TR0, 7EASCH =Y
etk EBEATINK, JEAIA “ AR5 TR
PRI, EELASRMT .

1) e 23 M A SCRCHE S R ALY B /N o3 A
AT ZH LW AR B HE R RN, —ERE L
$e T SSD FEEM /N H AR RE S .

2) g SSD FEEX LAY HARMASINGE ), A&
SCRE R 2 M 4% 55 SSD Sk ML, FIAT ResNet /24
TR E SSD KR, R 1522 R EAURAR 1Y
Gk 7 3, TR SR Y [ R R R R AE 5 )2
FRIELE £y, MILLJRIAAY SSD ik, R4 I mAP
RE T 5.31%, HE WA —EMET.

3) NEIEBGHES Y SSD J vk X TL AL i

Marine Sciences / Vol. 45, No. 5/2021 13



Wit -

Wﬁﬁmﬁw%ﬁ FH “HI—5" DRI
AT A H AR R I S 56, A AR I o R o 1) s Rz

mmﬁﬁ,qﬂm%ﬁmmﬁlﬁﬁ(mm,MWh
MR BT, R T ekt 5 1) SSD ALk 7E TR A 0
FILA HARK I o A S0 . (R B R T ZRad A
Ek@f];ﬂi‘fﬁﬁﬂ@ﬂﬁﬁ J5 820 N g —
P T B B I R AT

2%k

(11 JHRE, MR, SCoTiR. 3@ i ENE b A0 i A I 7 3%

%ﬁi. HEHL T, 2011, 28(1): 29-36.

TANG Muen, LIN Tingqiang, WEN Gongjian. Survey
of ship detection methods in remote sensing images[J].
Research on Computer Application, 2011, 28(1): 29-36.
IV, TRXI, A0, S BRI TR B A A A IR i
M5 B I [T]. OB % TR, 2011, 19(11): 2715-
2723.

SUN Zhiyuan, ZHANG Liu, JIN Guang, et al. Simula-
tion and experiment of gaze attitude tracking for video
small satellite[J]. Optical Precision Engineering, 2011,
19(11): 2715-2723.

KOPSIAFTIS G, KARANTZALOS K. Vehicle detection
and traffic density monitoring from very high resolution
satellite video data[C]//Proceedings of the 2015 IEEE In-
ternational Geoscience and Remote Sensing Symposium.
Milan: IEEE, 2015, 1881-1884.
ki, TR A A BE S N 9E
2016, 34(4): 361-370.

ZHANG Guo. Progress of satellite video processing

Jo7 R 27 2 4

and Application[J]. Journal of Applied Science, 2016,
34(4): 361-370.

14

H@A RTICLE

(3]

[10]

[11]

REN S, HE K, GIRSHICK R, et al. Faster R-CNN:
towards real-time object detection with region proposal
networks[J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2017, 39(6): 1137-1149.
REDMON 1J, DIVVALA S, GIRSHICK R, et al. You
only look once: unified, real-time object detection[C]//
Proceedings of the IEEE Conference on Computer Vi-
sion and Pattern Recognition (CVPR 2015). Washing-
ton: IEEE Computer Society, 2016: 779-788.

LIU W, ANGUELOV D, ERHAN D, et al. SSD: single
shot multibox detector[C]//Proceedings of the European
Conference on Computer Vision. Berlin, Germany:
Springer, 2016: 21-37.

SRVER, R & BERUIUAR TR H ARAG I 53 32
K3k ] 512, 2018, 39(6): 102-111.
ZHANG Zuoxing, ZHU Ruifei. Satellite target detec-
tion algorithm based on staring video[J]. Space Return
and Remote Sensing, 2018, 39(6): 102-111.

XIBEPA, ZR06F0, ARFEIN. AR B bRy HaE s
%&ﬂﬁ 1. HEHLRSNH, 2018, 27(11): 155-160.
LIU Guiyang, LI Shengyang, SHAO Yuyang. Research
on fast target detection algorithm in satellite video[J].
Application of Computer System, 2018, 27(11): 155-
160.

SIMONYAN K, ZISSERMAN A. Very deep convolu-
tional networks for large-scale image recognition[J].
Computer Science, 2014: 1409-1556.

HE Kaiming, ZHANG Xiangyu, REN Shaoqing, et al.
Deep residual learning for image recognition[C]//Procee-

1. it

dings of 2016 IEEE Conference on Computer Vision and
Pattern Recognition. Las Vegas, NV, USA: IEEE Com-
puter Society, 2016: 770-778.

TEPERLF /2021 4F /55 45 45/ 45 5 1)



HRRTL » |7
H@A RTICLE

Research on ship target detection based on satellite video
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Abstract: Ship target detection is an important means to supervise and control maritime targets and protect mari-
time rights and interests. In this paper, based on SSD (single shot multibox detector) algorithm, using ResNet as the
backbone network to build SSD model, the improved SSD algorithm is applied to satellite video ship target detec-
tion. The algorithm uses residual connection to replace the original cascade mode, strengthens the connection be-
tween the front and rear features, reduces model parameters, and improves the detection speed while ensuring the
detection accuracy. The experimental results show that the map of the improved SSD algorithm on the test set is
93%, which is 5.31% higher than the original SSD algorithm, which fully proves the effectiveness of this method
for improving the performance of SSD model. The results show that the algorithm can detect the ship target more

accurately, which has a certain theoretical significance for real-time ship detection in complex marine environment.
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