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Improved YOLOvV8 Algorithm for Small Object Detection on Water Surface

ZHANG Yao', CHEN Yao-Jie'?

'(School of Computer Science and Technology, Wuhan University of Science and Technology, Wuhan 430081, China)
*(Hubei Province Key Laboratory of Intelligent Information Processing and Real-time Industrial System, Wuhari430081, China)

Abstract: To address the problems of noise interference and missed detection of small objects.in water surface object
detection, this study proposes an improved You Only Look Once version 8 (YOtOvS) algorithm for water surface small
object detection, namely, YOLOv8-WSSOD. Specifically, to reduce the noise interference caused by the complex water
surface environment during the downsampling in the backbone network, the study proposes the C2f-BiFormer (C2{BF)
module constructed based on BiFormer’s bi-level routing attention mechanism to retain fine-grained contextual feature
information during feature extraction. Then, as'o the missed detection of small objects on the water surface, a smaller
detection head is added to .enhance"‘ the network’s sensitivity to small objects. At the Neck end, the ghost-shuffle
convolution (GSConv) and Slim-neck structures are used to reduce the model’s complexity and maintain precision.
Finally, the limitations of the complete intersection over union (CloU) loss function are overcome by the minimum point
distance-based IoU (MPDIoU) loss function to improve the model’s detection precision. The experimental results show
that compared with the original YOLOvVS algorithm, the proposed algorithm increases the mean average precision
mAP@0.5 and mAP@0.5:0.95 on small objects on the water surface by 4.6% and 2.2%, respectively. Furthermore, the
modified algorithm, achieving a detection speed of 86 f/s, is readily available for fast and accurate detection of small
objects on the water surface.
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O HEETH: & KR ERAT3) T H (62602010214)
WA N ] 2023-09-24; A& BT [A]: 2023-10-20; 5K FH IS [A]: 2023-11-09; csa 7E£8 Hi RIS [A]: 2024-03-04
CNKI [ %% & K I [7]: 2024-03-08

152 A4 AR5 % Software TechniquesAlgorithm

© EREERREST  hup/iwww.c-s-a.org.en


mailto:chenyaojie@wust.edu.cn
http://www.c-s-a.org.cn/1003-3254/9445.html
http://www.c-s-a.org.cn/1003-3254/9445.html
http://www.c-s-a.org.cn/1003-3254/9445.html
http://www.c-s-a.org.cn/1003-3254/9445.html
http://www.c-s-a.org.cn/1003-3254/9445.html
http://www.c-s-a.org.cn/1003-3254/9445.html
http://www.c-s-a.org.cn/1003-3254/9445.html
mailto:cas@iscas.ac.cn
http://doi.org/10.15888/j.cnki.csa.009445
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

2024 4F 55334 4

http://www.c-s-a.org.cn

i H AR SN A

H AT, 7K TV PR DU R 2 e Jo N M A i
W TR AN TE AN B AR LRI 0 1 AT 5%, K T
RS It AR TR I 5 P R SR e P I, R AR R
. KT S EE, kEE N TR Ber K R, #iF 5T N Lt
X I G ] A TV 2 B TR B A S AR I RV X
LU BT R R EAT PLAT N 2 IR B LR R BBV
WS B BV 45 . R-CNN. Faster R-CNN,
Mask R-CNN %§. Zhang 25!Vl i i & 4% 2 FRAE FR )2
FRAE, $2H 7 —Fh gk Faster R-CNN 1) 7K T H FrA )
7k, WAR 7RI 2 ROBE /K TH B b B 166 F 1 A AE A
P, XSS T i % B0 3 A B K TV B, SR AR
] R RRAE SR EU M 2%, 32 H T — Bl £ T Mask R-CNN f#
TR ZK TV A S0, S 1 KT B bRl r)~F
Y HERR A3 H B 2.

iR BB B, AN A G AE X daky 8 i 7]
VA1 T O 2 TR RO 7 B o,
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shot multibox detector) 5y2: A& &5 FH ) LBy B Ry, R
P T B STk AR A U RS B WS Bt T BB B SR, (BLAE
HEPR L, FCRT I FE AR T R B RV B AN 2 (AU,
TESEBRILFH A, BRI B R 52 B 1) DGR B o vy 2R [ gk
SEPIEEF I3k YOLOV3 7K T V32 7 4 i 453k, i ik
5% K-means 58 JANTE P S 86 8 0 2 005 I 55
G T ARG AR N 2 0K T H AR IR B e LA
TS 1) R0, T AR RI P I T 4 B S R R [ 3 I 2 1)
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S R il A (A B A B, 3 e — AR T TE A
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SR S BRI o B 18 b
A Y OV P8R ARt A 5 b TR I 0 PR £,
PL MobileNetV2 {E NHFFAEHRE M 4%, 3t —Fh et 1
SSD Hik, HE5 T KT 400 PR I 5 ok e g )
GE OIS 2 B k. SE /WU DL 2t 3R AR
FAB A, 42— LT YOLOVS [ F i AR s
Al (SE-NMS-YOLOVS), itk T 2 HAs 1% K& F,
L A 0 R B A e R AT, Sy VR R R
FEBIAKTH N B RF. B AR o B BRI 1 S
JR B R RSB N T 0.12% B RSP/ 32%32
1R Z 00 FARSE SO/ B R, /S BRI B R S, B

HAPRAG . B RERA . ORI 2 RS Rk
e 52 . IRLAE S A KT S 5 T /N H AR o
%55 BB IR E 0TI, H S BOLE S
223 LR

YOLOVS8 J& YOLO R A [FFEARER 2 —, HK T
JFE R anchor-based #: J7%, & AT K F 1 anchor-
free 715 LA B 7 ORI RES FE AR LR B (L7642 2 /K
HRE T, BT/ BRSO 2. TSR 2R, (6
F YOLOVS Kl B 517 45 REingst 22 A0 %4 F btk
SRS A SR S . Db, AR e i) B, AR Sk
YOLOVS [kt YOLOVR-WSSOD %%, 465
7R 3 T % SRR 1 6 0, A 2K
SRR AR S BiFormer S0 B th vk 72 1 AL
HI%E COBF Bibe, {5 B (T B H 5ot 742 b 58 40k P 1 -
SO B ok, BN BRI R, VR — A B
(R TSI AT+ D 4856 /)8 AR IR0 77, 675 Neck 351
N GSConv Al Slim-neck 3 A {3545 1 HBRAR T &
I J d ] MPDIoUM 51 2k bR 30 ¥ 4 CToU 2k e 4, 2
R YZ AL B SRR HEFE

1 AR AR
1.1 YOLOvS M4gR8!

W& 1, YOLOVS S i) 32 4055 4 M HL: fi
N T4, Neck 3R B o, i A5t 4 A
W 4% 1) P i Mlosaie HUHRI5E . 1 3&E I I 46
R I 391 75 2 TRt AT UL B2 3T % 1, Convs
C26 F1 SPPR &5 il il B, o4t % 77 R IR P A
fiF*Neck it 3 F PAN (path aggregation network) 45 4
Wort, Mk FORFE L T SR AE R REAE B 0 A [F] i i
JOBERRAE B HEA7 Rl & . %t 3 K F decoupled head 45
ARSIy N CINEBOR EFi0) 3 i RO RN oY = e NN
AR5 YOLOVS W44 K H TaskAlignedAssigner™"
T332, X843 243 HOR [ E 43 BB, BLINAL 45 S T
C IEFE A, 40 2% vF AL 2 4 K40 2R R [ml A 408 2k 1 5
% BCE (binary cross-entropy) v & 43 2845 2%, 8 F
DFL (distribution focal loss)!"*#1 CIoU (complete inter-
section over union) 53 2k bR £ T 5 [A] )5 453 2k
1.2 Transformer &

VL AEK, Transformer! " AMYAE [ SRE 5 4 FH AT X
PRI IR, [F) B ZETH AT LA o S IR 1 B R R
HHT, AT Transformer Wit SEHIRETIE IR 2, &%
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1) YOLOV8-WSSOD HA7E 3= 435 F 4 Hi i) C2fBF
BB S 1 A C2f BB, 4F Neck Jiitiid ERFE, 45
I 0% 7 KA — A 160%160 K/ f % R T
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21 EFmkHE
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(1) 58 ' HE SR A 45 K T P 450t B0 2 1 e 5,
&l 3(a) BT,
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Software TechniquesAlgorithm #/FHi AR F% 155

© TIEREBA LR

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20244 55334 4

DR AL e 1 [ e, A AR R 5 57 Rl X 32 22 AR A1 )
F 2, BRE IR KRR b R B AL 1 | R SURFAEE .,

FEAR K T 70 B BRASE I F F 25 gt 75 400 B2 ), S ELA
TR 0 2 A O 2R T AL

kHW
SZ
— C

Al

| -

*’

-
\§4 XU B B R B

BiFormerBlock

Bi-level routing
attention

LayerNorm

BiFormerBlock

Add

DWConv

(a) BiFormerBlock

\(b)tgfbf. ‘
s ‘E@meﬁi‘@cm C2fBF bk
2.2 Neck ifmgiidt © .

& YOLOvVS 55E [ 3 ANkl Sk, XF B2fF Neck i
FRAE K /N2 80%80. 40x40. 20%x20, 43 5 4t T 46l
NS RBUREE H bR, 2810, YOLOVS FIARS I Skoxt/In
H b BRI B8 A28 R, ELYE 3T 48 Rl Neck i )
RIZRHE B S 5 E 1 BARE BBA B 780 F)
A, SE AL ol FORAE AR IE DR B — A K
/N 160x 160 FIHRFAE B, FH LG R BE /) B Sk, 2 13 /0
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[, MPDIoU BRI T WA R 0, ALBA IoU
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3 SWHBRMSHRE .

e Y7 Ubintu 22604 R G635 Pt 7, BEPF i 4
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32 ZWRHIESE
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GERgh, RS C2fBF A2 5 i K4 W U 7 22 11
e, 3R THY mAP@O0.5 FRAR, eI KN R 4% 2
Hi 18 0 S B0 SR BRI, T O R
BH 7. ARHE LG 45 3, ASCH YOLOvVSn 1 M i 28
1A~ Cof f B4y C2fBF i
3.4.2 Neck it i S2i6:

AHELF JE 48 YOLOvVSn ) Neck ¥, A SCHE H
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YOLOv8-WSSOD & %1E Neck i 7 —4 160x160
KN PR J2 5 A B DS 7 B /N R A sk, [ st A
GSConv 1 VoVGSCSPC 435 % #: 7 JE K #) Conv 1
C2f AR, DAORFRAE FE I PR T 2

1 SO T S BRI R L

Model mAP@0.5 (%) GFLOPs Layers
YOLOv8n 77.8 8.2 225
YOLOv8n+1 C2fBF 79.4 9.1 244
YOLOv8n+2 C2fBF 78.8 10.1 277
YOLOv8n+3 C2fBF 78.4 . 11.0 310
YOLOv8n+4 C2fBF 77.9 "5«.7 Y17 329

S0 45 LI 27, VR A /I Rl K, T B
% BB/ B BREOR A P, mAP@O.5 28
2%, mAP@0.5:0.95 &5 T 1.1%, ULEATE 160x160 K/
RFAE B LS T K& B FRIME . AR08 GSConv
5 Slim-neck 43 7 FHZE YOLOvSn A I T /el Sk
f) YOLOv8n &4 I, 25 F K W] GSConv I Slim-neck
AV BERS AR TR f i 24 1% OB, B IR iR =
TR AR (3K 2).

2 Neck Ui 803 J5 AR Y 1 RE X LE

mAP@ mAP@

Model GFLOPs
0.5 (%) 0.5:0.95 (%)
YOLOv8n 77.8 37 8.2
YOLOv8n+Smallerhead 79.8 38.1 12.7
YOLOv8n+GSConv & Slim-neck 78 37.1 7.4
YOLOv8n+Smallerhead+GSConv T\
. 80.1 | = 38.2 11.3
& Slim-neck -

343 HUREEL N

% MPDIoU 4 2% bk £ F % I 8 K s 8 To U
DIGUM™., GloU"™. CloU 435265t EL, 72 3 74,
{5 F§ MPDIoU 451 5% bR 211 YOLOv8n A5 A8 I #E Ay 2%
B, AH S A CloU 2k R i YOLOvS8n B!
mAP@0.5 3 F+ 1.3%, mAP@0.5:0.95 $£ 7+ 0.6%, 1i#H
18 F| MPDIoU 5 2k bR $0 HE 1 A5 A5 8 5k 320 A (1 [ )= 5
InFe e, TROIRS B 5 .

F 3 Sl R RS AR R BEXT EE (%)

Model mAP@0.5 mAP@0.5:0.95
YOLOv8nt+loU 76.9 36.6
YOLOv8n+DIoU 77.4 36.9
YOLOv8n+GIoU 77.2 36.7
YOLOv8n+CIoU 77.8 37
YOLOvV8n+MPDIoU 79.1 37.6
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M 4TI TR 1A C2f BB
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4 C2fBF i3k, /K1 /N B An ks MR 2 mAP@0.5
mAP@0.5:0.95 7 5l T 1.6% F1 0.7%; {ERHE L&
BEHGA I T 3% 2 R AE D6 RN B FR ks sk, w7 LS T
RS /N H bR BN 71, mAP@0.5 $2T+ T 2%, mAP@
0.5:0.95 FFt 7T 1.1%, 554M51 X GSConv 1 Slim-neck,
REAEREAY TS R % 9.7%, I 1T £148; 48 F MPDIoU
P R B TSR R RS B, A R IR T/ H AR

Tl B2 350 R CloU i 2% eR B PR . 25 & S ge &5
S, FIRE A C2fBF #i. /N H bt sk GSConv
A Slim-neck L& MPDIoU #i %% i %k, 4058 150 %%
RN, )52 %] YOLOvVS-WSSOD 7 bt J7
YOLOvSn HARE T 4.6% B mAP@0.5 F12.2% K
mAP@0.5:0.95, AT NE L FPS A B T B, (A58 4k
FF T 86 f/s AR L (3% 4, K 8).

K4 WSS R

C2{BF Smallerhead GSConv & Slim-neck MPDIoU mAP@0.5 (%) mAP@0.5:0.95 (%) GFLOPs FPS (f/s)
— — — — 77.8 37 | 82 110
N — — — 79.4 37.7 o1 91
— v — — 79.8 . 38.1 - 12.7 94
— — J — 78 { \ 7.4 112
— — — v 79.1 % " 376 8.2 109
v v — — 814 38.6 13.6 85
\/ v \/ — 81.5 38.7 12.2 88
\/ v \/ o 82.4 39.2 12.2 86

-

85 45 -

75 40 |

65 35t

. S

i\c/ 55 + § 30 +
2 45 S 25 ¢
® 35 S 20
% ®
g 25 % 15 |

i5 | RIRTR
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(a) mAP@0.5 %Lt

10 30 50 70 90 110 130 150
\
epoch \ B

(b) mAP@0,5:0.95 X$LL

18 AREI IR 1) mAP il 200 He ".‘_ -
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HIE A B YOLOV8-WSSOD 78 7K fi /N B b

AT J7 1T ) DR, SRR B R B SR36 A 1F,
YOLOV8-WSSOD 5 it () H br kil 92, £3.4% Faster
R-CNNPY, SSDPMEL K YOLO #41#% YOLOVS.
YOLOVT™ & AT ARS He, I 9 TR LR, 253
W FE T XK T B brds U 2k i1 ATT-YOLOVS-
Ghost Sy A& X /N H R I 2503 i) TPH-YOLOvS™
AT R L.

M5 BT, A SCHEH ST YOLOVSs.
YOLOv7-tiny #l YOLOvVS8n, mAP@0.5 43 Bl 4% =
6.4%+ 9.5% Fl 4.6%, mAP@0.5:0.95 7> 542w T
3.2%. 4.8% 1 2.2%. ASCHEIVEAHLL YOLOVSs. YOLOV7-
tiny Jk/b TSR, R R AR A AR T 2 fYs AN
8 f/s, HARAHEL YOLOVSn, A SCH A FE 5 BT R

W, fELA 4R 35 2 SCIN A 0 3 k. TPH-YOLOVS 7
YOLOvSs {5l 550 T K S R0 1 3 2 AW, 32
SRR P AN ER a0 ol i g s N s pINTTRANISR 7
Hor DU 8 A, AR 8 TH B RO, ARG DN T R AR T
YOLOvSs TR, 74, Bt ATT-YOLOvS-Ghost
SVEALE YOLOVSs £ 1Al B2 AR e B2, A%
TR, AR SRR I SOk gy ot KT AR
fE2E 3] W 8 5N 78 4%, #E ATT-YOLOV5-Ghost (1) i
AR UE R mAP@0.5 27 T 5.3%, mAP@
0.5:0.95 $2&1 1 2.6%. o AL )M 45 5 Faster R-
CNN. SSD MZAH L, TH 5 & MR T B2, Al g B2 -
R FE A ORI T | ] WL, 2403t JE ) YOLOVS-
WSSOD HiZ: 7 ik 25 4 i far RS B2 (1) [RI N, OREF T8
PRSI T 2, 25 A PR R AL T AT = SRS W B2 A ek
J& B FAR B
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5 ANIERRL ARSI e X L

mAP@ mAP@  FPS

Model LD NN GFLOPs
0.5 (%) 0.5:0.95 (%) (fls)
Faster R-CNN 720x720  64.3 27.9 26 9473

SSD 512x512  62.4 26.8 53 2737

YOLOVS5s 640%x640  76.0 36.0 84 16.0
TPH-YOLOvVS 640x640 81.6 38.7 69 29.9
ATT-YOLOvS5-Ghost 640%x640  77.1 36.6 94 14.5
YOLOvV7-tiny 640x640  72.9 34.4 78 13.0
YOLOv8n 640x640  77.8 37.0 110 8.2
YOLOVS-WSSOD  640%x640 82.4 39.2 86 12.2

3.7 WS

N T B UE AR ST A A S AE S K T H ARSI A
A 35 N B R, S EG I Bl Ak s BCEE RT3
JECRIIE T 75 5% T #0480 00 B sdE AT 0K, A0 28R i)

T B AN A SO ORI R, ASCE %
LT BROCHRS . OISR EL. K Y L K A7 7E B 4
PR3 5 F IR B R LR B YOLOVSn AIA SCHR
H ) YOLOVS-WSSOD Hikilt 475 L dilisk, Wik 10 fr
7R, A TE, BN YOLOvSn S R s iR, 4
74 YOLOV8-WSSOD Sk A IR, ¥ 10(a) & 1E
SR 1 5 R AR IR L, B 10(b) R TE Y62k Bhs 4%
RN 2 220 PR AR IR B, T LA 5t J o 2
VR LR A L I SR /AN, oh B 0 R LA AR T (T
Hefe 71, 1550 YOLOVSn ST B, e Rt oo i
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AR I S s T B/ B A5, B 10(c)
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PR I BRI St F SRR B B
R, 4 5 5 R 5 R HEE AT (16 b
PEATZ L1, RERIRIFHOIRIR s 5 BRI K.

T
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(QRINENEES

Ko ANEHAEE SRR

WSSOD HiEAH L YOLOVSn, 2 > | 7 5 784 56 40
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(b) BEWIR T U5

(d) AL At

10 RIS % b

4 g RY
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/N B BRI A AR 1 n) . JE st 5N BiFormer X2
% FHE R AR C2fBF M. v B brta il sk,
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F#t MPDIoU 152k bR $055 — R 5 Uik 7 5, A SCHR
] YOLOv8-WSSOD Hik Lt JE 46 YOLOv8n 532537
BFT 4.6% ) mAP@0.5 F1 2.2% () mAP@0.5:0.95,
FHORUE TR B2, BAT RS M. AR A SO A
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