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KAF ., VBN ANAE BRI /N T ORI PR 45 ) B, A SCHR H ShipsYOLOVS AR H #r ke
M, \e, PSR EREBET C3_DON BEEIF 5] A = TR AF SR B 4%, 3 33 38 i1 SR R 5
3 R AAN B AR R RS, HITE T AR B, T B R IE SR IAR s SR, TIAZET Wasser-
stein B 25 14 B & 7 VA 0O 0 FORE TR R pR AR, $RTHEE RIS /N AN B AR R I BE s BJ5, FH Seaships A
AUBCHRAE VEAT B IE S2 86, 25 38 W], AR SCH 1 9 ShipsYOLOVS 85 3E A T B vl A B AE 0 2 . 7 [l S AN
mAP@O0.5 L5304 1.9% . 1.9% F12.3% 4827, HArH158 T 98.3% | 99.0% F199. 1% , HeH 2 M
A E bR A BE K

(4837 ] A EFRRI; YOLOVSs; FIARIEEAN, Bk sk

[FE>ZES] TP391. 4

Ship Target Detection Algorithm Based on Improved YOLOvVS
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Abstract: In order to solve the problems of losing detail/extracting irrelevant information caused by rela-
tively high width to height ratios duning detection of terget ships, and the detection difficulties caused by
small ships occupying a relatively small area in the image, this paper prposses a detection algorithm based on
shipsVOLOVS. First of all, a C3_DCN module is designed by using the deformable convolution feature and
the key feature extraction network is introduced to adapt to the shape characteristics of the target ship and
suppress the influence of irrelevant background information as well as to improve the network feature extrac-

tion capability, by adding sampling offset. Secondly, the loss function is improved by using a metric method
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based on Wasserstein distance to improve the bounding box loss function, thereby enhancing the model’s de-
tection performance for small vessel targets. In this paper, Seaships dataset is used to verify the above im-
proved method. The experimental results show that compared with the benchmark model, the accuracy, recall
rate and mAP@ 0. 5 of the proposed ShipsYOLOvS5 algorithm have improved by 1. 9% ,1. 9% and 2. 3% re-
spectively, reaching 98. 3% ,99. 0% and 99. 1%, respectively. It can meet the performance requirements of
ship target detection .

Keywords: object detection of ship; YOLOvSs; deformable convolution; improved loss function
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FH AT A2 A 2 BRI T T 2 L Ok B G b 0 58 A SR A 57 B L R A 2 T 4 v A [] 3 T A A 1] 22 (]
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SFUIX YOLOVA 3EATRicHE, BT YOLO-Marine #8058 i 51 A VE R HLHI AT K-Means + + R34
PIEAIGAE , B2 TN EAR R IRE B, EVREAED S L TS SR | B R o A
J7 TG YOLOvA Bk, S0iE 7RI K T F AR 89 77474 . Han 55107 BCHE YOLOVA B4 2 ] 4 7 35 it
AL HFARAE G 78, SIS TG R E I HLH, AT TRAESLICAE Jy, b b 1 4 B
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oy ZRBZ MG BB IGE Z2 T 0GR EAR R TR BME b7 | BE Bt 25 1 S5 £ B0 F AR AR
M AH —ERENFER T, SESBAGMACRE 2, HHh, T/ B AR B b X
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5T YOLOvS BUARAR B A5k il e 7 55 ——Ships YOLOVS

1 ShipsYOLOvS &%
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£ 77155 CloU —&AENIEAL bR, Bkt k
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A G S A IN H AR IR AR AR ST, S Hb S Fig.1 ShipsYOLOV5 structure diagram
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o= {(-1,-1),(~1,0),~,(0,1),(1,1) 1, (1)
y(Py) = X w(P,) - x(P, + P, + AP,), (2)
2(P) = 2,6(q,P) - x(q). (3)

A (1) FORfEFMN PR o TER ARFER] « B#EATRAE, FRIERE y HRYREALE R A (2)
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Fig.2 Standard convolution and deformable convolution
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L= lubj + lcls + lCIoU+NWDO (8)
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%( arctan %:: — arctan %)Z , w HTh 4350 F s FOAE 0 58 BE AR RE 5 % L w® RN h® 435l s ELSCHE Ly
Aebi ., SEEEFIRIEE . S AR AR RS B B 4% AR JIT £ 57 (0SB IR RERICEE A, WA 1R
L5 B RATAE B AATAE BRI WA 5 C, 7R BAHE 2 75 X 48 AN W 245 O BN 45 51 47 5% 5 ¢, Sl il
FARICHE R BAF K5 (o) RSEIHE B H bR XU HEE
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Fig.4 Visual examples of small ship target detection
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AR, iz e 6 ARG AL, 3B BT (ore carrier) . i BT ( general cargo
ship) . HLHLHE (bulk cargo carrier) . £EZEFAE (container ship) . fft (fishing boat) FIEME (passen-
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A1 700 TR T,
2.3 FMIERR
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Tab. 1 Experimental comparison of C3_DCN module

(a7 i ZH/10° IR BRIV 10° K/ % A=/ % mAP@0.5/%
YOLOv5s 7.03 16.0 96.4 97.1 96.8
YOLOv5s_DCN-1 7.23 13.8 96.8( 10.4) 97.6( 10.5) 98.7( 11.9)
YOLOv5s_DCN-2 7.21 13.7 97.6( 11.2) 97.7( 10.6) 99.0( 12.2)
YOLOv5s_DCN-3 7.18 14.3 97.5(1T1.1) 96.8( 10.3) 98.9( 12.1)
YOLOv5s_DCN-4 7.09 15.4 97.7( 11.3) 96.7( 10.4) 98.8( 12.0)
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1 " YOLOvSs_DCN-x /R J5 YOLOvS s #5EY T REAFE S W 45 i B BT A C3 ASLER foRF o R 46t
Hidr, YOLOvSs_DCN-1 7585 i =1 R 2% i P4 €3 A 28k ly C3_DCN #3t; YOLOv5s_DCN-2
FnB R T R4 RN IS C3 BBl C3_DCN AHe; YOLOvSs_DCN-3 F/R$5 5 3 T M4 4
ZFEE YA C3 BIHE N C3_DCN B, YOLOvSs_DCN-4 Z7m#5 5 32T R4 55 A4S €3 #idk BildR
Ja i C3 BiBRE o C3_DCN #idk | st Pl ESZEe gt 2, BR T YOLOvSs_DCN-3 fll YOLOvSs_DCN-
4 XF R YOLOvSs iR, HA BERIEA N RESN, 5] AT ZE TR & RS B @09 C3_DCN e AR =
THRHEFE IR LS A [ B, AR H ARR IR B #0A AS R AR BE A 3271, TIEBA T C3_DCN £k
AR, A, SER BT AT S AR TR LU R YOLOVS s BERIERAT BT /b, B —E R E 5%
ik, ST YOLOvSs_DCN-2 f AU [ SH g AT 154 (341 0. 18 x 10°) ; {HIL GFLOPs 1153 R ¥k k%
KT 2.3; A5 B EIFEM mAP@O0. 5 4351355 97. 6% . 97.7% F199.0% , AH LT YOLOvSs Al
PR T 1.2% . 0.6% f12.2% , M ERSZEE AT, AR SCHEH A C3_DCN BEHAE 32 T HRAE HR U 45
2R 2 5 Rz O By, HIERATRe . SRR S FE niE UE R, AT s
BB & UG BbefrE, $RIBCEAER OB S B AE XER.

2.4.2  SCHERBR sRER LSS M

Ry 9 UE AR 2% R RSO A S HRE AT /N RS H R0 BRI PR RE, A SCE R NWD 5 CloU St [w] 3
FERE R ZE S, TN FAE R G AR SCOKs etk 363 2 R 8020 AR S B3R g A 7R TR YOLOVS's
BRI BREL, IFHE Seaships FUHR AR L Ao LU SE8w, SEIRE5 R aN3R 2 iR,

R2 HHMKRHEIENE

Tab.2 Improved loss function verification experiment

NGRS SHE/10° RSB RIKEV10° K52/ % HEER/ % mAP@O0. 5/%

YOLOv5s( CloU) 7.03 16.0 96. 4 97.1 96.8
YOLOv5s + NWD 7.03 16.0 97.0( 10.6) 97.6( 10.5) 98.3( 11.5)
YOLOv5s_DCN-1 + NWD 7.23 13.8 97.1( 10.7) 97.8( 10.7) 99.0( 12.2)
YOLOv5s_DCN-2 + NWD 7.21 13.7 98.3( 11.9) 99.0( 11.9) 99.1( 12.3)
YOLOv5s_DCN-3 + NWD 7.18 14.3 97.6( 11.2) 97.8( 10.7) 98.9( 12.1)
YOLOv3s_DCN-4 + NWD 7.09 15.4 97.9( 11.5) 97.8( 10.7) 98.8( 12.0)

# 2 1 YOLOvSs_DCN-x + NWD RS RII GRS i b b4 2 e BT BRI G T3, SR 2 2t
R, ASSCRE A % RN D IS B RSO R TR 451 55 R, X Seaships F ARSI 4 B i s R &
P PI2IE /N FL AR BRI R BEAR A B4R T, [ 5 SR BRI S S A2 e 4xt EE A
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Fig.5 Change curve of model training loss

i P g 2 pR 8RS , e i RIS H S5, Wb TR ge . RIEE, ZEAN U S B0
AT AR T, HKSE . BRI mAP@O. 5 #4 ri 7+, Hrh YOLOvSs_DCN-2 + NWD 4% ()
PERESR TS MR, R HAE 7R SO H A ShipsYOLOvS B3R

2.4.3  XFHLSLE

g E— A AR AP B R (O AG T B |, BF ShipsYOLOvVS B AR 5 YOLOvSn, YOLOv4!'"! |
YOLOv4-tiny Fl YOLOv3 "™ 45 3= i ARG I 1 7E Seaships $0H84E AT MR REXT L, T A SE36 1
MBI RSECT 5, XTSI as f L% 3,

%3 ShipsYOLOvVS 58 Birte M & A3 b LG 45 R
Tab.3 Experimental results of comparison between ShipsYOLOV5 and classical target detection algorithm

BV Y SHE/10° TR B RE10° T/ % BEIZE/ % mAP@0. 5/%
YOLOvSs 7.03 16.00 96. 4 97.1 96. 8
YOLOv5n 1.77 4.20 9. 1 97.2 96. 4
YOLOv4 63.97 59.99 9.3 93.3 96.9
YOLOv4-tiny 5.89 6.84 9.5 95.1 97.2
YOLOV3 61.55 65.63 9.5 9.1 97.6
SSD 26.28 62.79 9.8 9.6 97.2
Faster R-CNN 137.09 370. 41 97.1 96.9 97.6
ShipYOLOvV5 7.21 13.70 98.3 99.0 99.1

223 SLIRAS AR, MET LA 0 BARRI AR, A SCHE Y ShipsYOLOVS 7E Seaships $UHE 45
S E IR F 98.3% . BIIEIEF] 99.0% . mAP@O.5 iK% 99. 1% , HE M S JHERHIK
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FREBIP AR JIERA SCHE H ) ShipsYOLOVS 5 32 3 AR AG I B8 b A YA Fe o B, K6
YOLOVSs 5 Bt AR 8 %] 1 S 56 ] Al Ak 435 5

a) Seaships b) YOLOv5s ¢) YOLOv5s+NWD d) YOLOv5s_DCN-x
Bl 6 YOLOv5s Segit#EZ xf b LI 45 R AT AL
Fig.6 Visualization of experimental results compared with YOLOv5s and improved model
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