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Underwater Target Detection via Improved YOLOvVS

ZHOU Xin', LI Yuan-Lu’, WU Ming-Xuan', FAN Xiao-Ting', WANG Jian-Xiang'

'(School of Automation, Nanjing University of Information Science & Technology, Nanjing 210044, China)
*(Jiangsu Collaborative Innovation Center for Atmospheric Environment and Equipment Technology, Nanjing 210044, China)

Abstract: An improved YOLOv8 algorithm for underwater target detection is proposed to prevent missed detection of
objects with different scales and overlapping occlusion. Firstly, deformable convolutions are introduced into the backbone
network (deformable convolution network, DCN) to improve the feature extraction capability of the model by means of
the adaptive deformation mechanism of convolution kernels. Secondly,\a module combining atrous convolution and
spatial pyramid, termed ASPF, is designed to expand the recepti;?e field of the output feature map and improve the
perception ability of the model for detecting underwater targets of rﬁultiple scales. Finally, the loss function is improved to
optimize the training process of the model and improve detection accuracy. The improved algorithm is tested on the
URPC data set, and the results show that its detection accuracy reaches 87.3%, which is 3.4% higher than that of the
original YOLOv8.algorithm Moreover, it can accurately detect underwater targets with different scales and overlapping
occlusion.
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A TR B AL 23 A0 1 SR w0 G AT BF 4, T T REAR
Ik E=a

(2) EFM4: YOLOVS [ EF M4 CBS. C2f
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TR LA 1) B 05 5 5 AN ) K /DN PR UK 52 B M T 3 B
FEMREE B, BB @ 1x1. 3x3 1) CBS Bk
I 55 22 7 S A R RS AR B REAT DG e Il 1D

) CBS i He i B E A, 55 B N s

R 80 o, 3 A RE B IR K RT3, 5,
Ei%é‘j@E‘J??ﬁ%ﬁ*ﬁ)ﬂ?@ﬁ‘]ﬂ@)ﬂﬁﬁﬁﬁT%JJ:WJ
it R RE PO I, R T A8 PR A I K R 1 2 W A
S FBCEPUZ A B8 d i AL B MR AL B AR A,
NI 208 T A A B RS S, X2 3 ERE B B3
S DX A RN, AT R BLRRAE A B 2 R
Bt DRk, AR SCHEF HDCPY S AR Sk ik 3 AN [R] 2 Mk 22
fr i A, RS B E K, tHR A (5)
s

M; = max[M;+1 —2d;,2d; — Mjs1,d;] ®)
Hop, MiSFRiEMA AT TR LR KELE, diN
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5 /N T BEE T B A UL R X T IR
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TETH A 3 U, 38 A A IE L (intersection
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ENEURER (PR G o =i ORI ARy o1 S S B[ e N e A
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v
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DR 1t A S 53 2% R 50 WIoUP MU CloU #i2k.
WIoU 3 3145 5 1 S £5 A 6 P 38 25 40 Fic 56 s, RES
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155 A 35, VR R AR 0 R R A 72 2R R AN R s 5 B
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WioU I?[ W2y (11

Hor, Rwiou W WIoU (155 B8 FE 5 B3 (W, Hyp) 730l 3
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P S ARSI SR (T
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B 4 BErZEH): #EH echinus. ¥#2Z holothurian. JiJ
I scallop Al 22 starfish, 3 7600 5K & F, $%08 8:2 1)
bl 31t s B2 3R AT X1 23, R I ZR4E 6080 ik, B TELE
1520 K.
32 TRFERBHEE

AT A S0 5 T 42 BT R A5 PyCharm
Y, £ GPU A5 4 NVIDIA GeForce RTX 2080Ti
(A4 11 GB) % 2% BigAT, #:1E 244 Ubuntu
16.04, 5256 H 2 1) 9w F2 3 5508 Bython 3.8, HEZER
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A .
L RIS ESHORE

o 18
2% SGD
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TR AT AR SCEAERT KR AR R RE,
KHFH4F5E (mean average precision, mAP) {E AT
SIS HIVEN TR bR, mAP WHE N FTA HERZE0 AP {E 1)
P8, AP IR KEW% (P) 1A F1% (R) (¥ PR £ fir
o 45 TR, TR EROR, *%E%fﬁﬁf%. RIEAWT:

TP
P=—— 12
‘ TP +FP (12)
\ %
\ - P
\ R= 1
\ TP +FN (13)
' 1
AP = f P(R)dR (14)
0
N
> AP,
Ap ==l 15
m N (15)

Horp, TP EBAME, TR IERE AR AL TN A 1, FPAY
BBA M, oK SR A AR A S0 A 1E . FN AR 1, %
TN IEFE AR S0 S 5 N AR S R % E
3.4 HELSCIG

N T IAE SR PR TR AR DCNV3, 2545 A1
23 ] 4 TR ASPF K WIoU 4 2 i fe 4446 W 12 G
[, F URPC 34545 Lt AT i ahse i, 45 R nsk 2
I, FerpNRRAS A%, < R AT i % .
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i EN RSN

K2 PN SEE

AP (%)

YOLOvV8 DCNv3 ASPF WloU bi
ec!

holoth- mAP (%)
inus | scallop starfish
urian

—  — 923 778 719 876 839
— — 928 805 812 8.6 853
v — 929 8.0 815 882 864
NN 935 837 828 893 873

2 22 2]
2 2 2 |

M 2 T LAE H, FEAERLEY YOLOVS 75 T M
BUNIIAT AR FE & DCNV3 LS, mAP I\ 83.9% 12
F 2 85.3%, XA KN AT ER DCNV3 BB £ 47K
TR H bR S A SR H FRRRAE, SR RS R AR
H4 SPPF BLHLE BT 1) IR 4 A 4 (8] 4 75 ASPF
TS, mAP M\ 85.3% ik — 324 T} 31 86.4%, idid >k H

v

T 100 /> epoch A& T8k X FK I T i8R A WIoU
G YOLOVS, 1] AACAK X 2% Il i 72

L ! | . — CloU
40 — WIoU

» ©
(=) W
T

Loss value
N4
W

g
o
T

AP

AR RIS RE A 2 RO ERS R =7 0 2 4w w00

I % R FRRROBAIBE S, 3 25 s ks 1 5
5, I WioU #25, mApg%ﬂg‘éz.a%. W5, N T
EAYHT WIoU 4% 5 CloU 12k (91 45, 4 — % 1047
9 A 2R AT R (Il 7 ).

7 o € 2 R CloU, 20 5 i 4 27 5% 1
WloU, 7% WloU #i’k J5, AT LUE HBLRITE 50 4>
epoch & 47 /& T ULEL, HURSUR B 4T, CloU Hi 4%

Epoch

K7 Loss HZRISUE AT L

3.5 FERIEZERNERITEE

(1) EMXT L

N T LGy BT AR SO B A I R, 3k
HEAFRERNER KT BIME, XA A 5% 1A e 3
X, ik 8. K 9 R,

(a) Faster R-CNN

echechinug 0.69
echinus S5BUS 0-70echinus 0.56

(b) YOLOVS. \ -

echinus 0.71

echinus 0.69
echinus 0.50

echinus 0.70

echirechinus’ 0.68

echinus 0.71

echinus 0.72

(d) YOLOV7

() YOLOVS

(f) AL

8 KT ZREH IR

8 NZ RN EEAKT HAREMAR,; K 9 hESE
4 H bRAT ISR, B R A A — R R
WERSLE T REIF, A5 53 HE; (a)(D) 737 /Z Faster R-CNN.
YOLOvV5. YOLOv6. YOLOv7. YOLOvS FlA 4
RIS AR .

MK 8. B9 HRITLAE H, B 8 Hrfu & i s Az 5t

HAR, H bR REEA —, AT HAd ke N 503k, A S5 ik
REVHE B IN HH 37 5 P S R RUBE B H A, 161 9 R R
A A — R REPEERE TR, BT A
INEYE, A SCHAT DAHERAAS U 1 OB e 2. 25 |
JITid, ASCEEST N 2 RUE . $OBHKK T Hisf &
R AR ACR, B8IE 1 A SRR 1A 2.
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echinus 0.47

L eSO s Bnussomi RIS BEP28 echinus 0.86

starfish 0.7z

. peNinS O Hieiy0:66.

(d) YOLOV7

(2) ' W\ -

9T 52 BT A SRR AT M, A5 A SRR
B0 24 S0 Fastr R-CNN,
YOLOvV5. YOLOv6. YOLOv7. YOLOvVS Z5it47%f
Lo 4T, SR AP Rl mAP 15 R FIEAL S BV $6 5,
F 3 NSRRI B yEE URPC 35 4E L AP {H 1
mAP fHX]EE.

F£ 3 RFEIFEA MG X

N AP (%
Stk echinus holothuriar(l )scallop starfish mAP (%)
Faster R-CNN 87.6 73.4 75.7 70.1 76.7
YOLOvS 91.3 75.0 79.4 84.7 82.6
YOLOv6 90.2 78.8 78.6 83.5 82.8
YOLOv7 93.1 76.7 78.6 84.9 83.3
YOLOvVS 92.3 77.8 77.9 87.6 83.9
ASCEE 93.5 83.7 82.8 893 87.3
—

W 3 FTLLTR th, A SC S SR 51 7
87.3%, LTI BL51% Faster R-CNN KR i 7 7
10.6%; LLHLHY :‘Q;YOEQA\ YOLOv6. YOLOV7
1 YOLOVS Mok MASFE 55 4.7% . 4.5%. 4.0% Al
3.4%, B IR bR SIS T e (R TAS B

4 5 RE

ASCHEH —Fh ek YOLOVS 17K T H An i I 5
%, BRRSHERAAT K R 2 REE . SRS H br. i@ m]
BIEAE L DCNV3, 23 45 1 25 7] 4 35 B e ASPF
A WIoU #6125 et YOLOvVS, Bk ja i Bk % T
YOLOvS Rl G FE# i 1 3.4%. 1EJa 80 TAE T, %
BEXTAKCN BB AT 3 5, SRASH B o1 B B e (17K R I
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starfish echinus 0.79 o Eehings Strish 0. starfish echinus 0.79
1 1 o »ﬁq_:sm 050

| starfish 0.750.€ starfish 0.830.]
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-

(¢) YOLOV8. \ ) () AEE
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