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W OE. ERERIOGCHEANGIEIRE T, LGNS 5 SZO R AR L b K R 3 A R K T RS S R B
FEME S ML BOERAE . xF BRI, PR T AR T H0E YOLOVSn L B AR R ML A 3 4%
W7 BRI S A B K, # HGNetV2 MEAE N E T, RAMAII—H 770 (group normalization,
GN) HIL=mm B flahy, witB s il kMg, WBMERIATR, S8)5 A SPPF_LSKA BHUENIFERLG 2, R
% RERHERS RS 71: B 5 K Wise-IoU (weighted interpolation of sequential evidence for intersection over union) 5
KERE, T FHEENAYERE AT Tz Ak N B AR R DURE B2 o P B3 YOLOvV8n A JAE AL AR £ B I 7K e oA e A 23
M, /D S IEM S W MDK eI AT S, HET AT AT RIS i A RIS ZS R R, MX TR
YOLOv8n #8, it YOLOvSn BER it 5 & . S HCE MBI AT 735 T 1% 36.0%- 36.8% Fll 32.8%, TR I{E
(mean average precision, mAP) N 97.9%, THEZRN 93.1%, HIKEUGKMIE 624 6.8 ms, FMIEEZ R 42.9%. AF
REARL S W Be 2 W, 0k YOLOV8n B AN AE BT B AR I LAtk b, AR T R 0 s 1 S Rk A vk g, RA W
BARH . EFHPLEMSITRE T, REUKEILAE M S AS AN TR iC S P E &R ZALE 0~5 A 5~10 m FE
B N8 3.69 em Al 4.57 em, $RELSH P2 S PR 2 Th &SF I AR E N 3.26 em, RN 92%. TEFAH
s tEEIe T, AT AT IR IUE R D 22.34 Wi/s, iR VEDG ELAMNGIE T BNV SAREE R, e SR AR
ARG FIRMES %
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Feik A i FHL, P IRZEN 025%, FEFER
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SEHHATHOE, WEZ. IR AT R
AT 26 (R W 2 53 51N 91.8%- 86.3% FiI 85.6%. JIANG
00 348 3ok U Vg B i 1R SRBUCRAAE 55, R K-means %
FKITEME T R R R PO, FETH R SR UEY
D, R HHRY 90%.

PA_ERIE 78 AR BE IR IR O R v (0 AR v £, H i
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Bt — Bk e . BAH %5 7 — Rl T 5y )2 07 A
B ERREMATRIN T, 18id CNN (convolutional
neural networks) 1 SLIC (simple linear iterative clustering)
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(random sample consensus) VAT MAEYIAT IR 2R 7 51

N 85% F1 88%. JAl 2 U A B B AT RS 1)
DeepLabv3-+15 84 43 FI| T8 B HE D X 35, ) FH £ /s —3fe i Al
T RIS MR, D ECF G R R AN
97.86%, FATL TR G 2.53%. BTN $2 i —
il 52T Mask R-CNN A RANSAC i 3 it H1 % A — S ik
VR SRR IUMNE, AR E T 5K E N 97%,
S E FR SRR 2 AT 5.3%. SILVA 28U fg B ok
U-Net #5800 B8 2 41 ek 23047 0 %1, SR HURHIE U5
AT Lk, FIMRZEN 215, FHNEIREN
3.65 cm, REGEFE A 23 Wi/se CAO 25T DI 7 /W 4% A
FEA 3 B-Net 185 S B W0 28451, AR 45 43 1] A5 5
BB NI RE — B VAR B S, IREUEE N
91.2%, FREHUEEZHET; 49%. B 71 THREZ W
KRG EIEAR, BB A MY 2 8T SHLs
Mo ZHOU ZEUS 7y —Flr H B I A 55/ — vk 45 45 1)
Rl 5 SRR, i YOLOV3 A F i HE
AARAR BN S5 i, d/S 3R IE OB SRR 25 o £ 3 v
SEMILL, SHLIRBERR N 90%. 5" ] Fast
R-CNN By A MR A A A% 75 210 4R e 19 5 Ao 35 1,
A BN 30 28 B 4 AR R L ZR, A (R S )~ S5 A 1) £
T ZEHITE 4.6°LAN .

IR A A R TR A S (M R A BB AR SR
U SEAELR, REME Dt 8 R Ab B SV P TR A8 0 58
A, AR T AN AR 5, $RECS M4 FIEAE IR
UERE A B RS He e R, R 2B RA XSG L
W SR PE R . 2 TR 2 2 1 Mask R-CNN 5% B
SR B m AR DUAS B2, (L TE SR A e LA ], ASFIF
IRERAS 45 3558 17 Fast R-CNN H Fpke Il 502 28 AR E G
DUAE B B 2640 JoiE e sEmt PR R, ANiE A 15
PR T NAE ML AG S 42 )

YOLOVS & Ultralytics 2 i 4 1 [ — 4 SOTA #%4,
AXTF YOLOVS, HFEH 7B M4, Ancher-Free £l
SKANR G PR AL, BERIMERE RN RIS S B TR, HAEAK
AR RN & ., YOLOVS 1 HR Iz &b /s H AR A il 5
S PR VE BRI DL 2 TC ANAE ML B SRR SR . BRI,
ASCHEH — P 3T et YOLOvVSn ¥ 6 B AN % T A
YENVAS SR R IR U v, EF XTI 2 R & fig 71 il
2Tt YOLOVSn AT ciidh, e ek A58 204 A il 7K
VST, SRECEN S AL, i /b Ik fl A or 26
ERBOA FAT LM TN L. @i X R 46 YOLOvV8n
At YOLOv8n 7EAR BAS i A\ SR 4 b R Sy PR I
BOAUEA S R A Rk .

1 BEgBERESHIRENE

1% RealSense D435i AHAHLIE Jy G H i R 4R ¥ 4%
IR RHEEES A 0~10 m, RGB Wiy 30 /s, RGB
TEIR BT AN 69.4°% 42.5°(+3°), W& 1 Fios, fEG
H AN IET, PR AIR BB MK JE A, LA
PENV AL ST K -

b. F A1 IEAT 7
b. From south to north (S-N)

a. AALIA FLIA
a. From north to south (N-S)

T ANRIBEEREA: B OAPARIREEREA, C umil A
Note: A is the low intensity sample, B is the medium intensity sample, C is the
high intensity sample.

B 1 FosdsEgR

Fig.1 Partial dataset sample
BGOSR AR S T 258 B T B @ 485 100 MW
WG E AN R HLIH R . R AL 2228 7E e A A A AT v
PEES KT & N 1.3 m, BESMUT S A AT S ], A
NO0Sm/se Gl 1 TR, BT ORARBR I B — e iR A A
B, FUEAFE RS FA FHL A G50 2 ok, 18
SEHIALAT R, SR AR 10 3[R I BB AR AR T AH [F) A7 2 (1)
B TR, SRR A 30 sk, SLaEH 10 B, &
BI85 min 247, vl 3156 Wi, JERRA & KYESL
FE A KBRS FIREAS, £33 2895 sk BIE, 1E R%dE
£, Hd, KBRS LE 10 000 ~ 28 000 Ix v F P E
BRI NIRRT 10 000 Ix BRI ARG,
KT 28000 Ix FIEMG R  Jym B, FEA B L BRG3

AW 1 PR,
1 HARXEERENT

Table 1 Distribution of sample light intensity

pIRiGEY 3 FEAH R IKPRSTAE R R
Light intensity Sample size ~ Number of concrete column
K& Low intensity 876 7504
FHE IR F Medium intensity 1064 10161
=R ¥ High intensity 955 7602
S5t Total 2895 25267

IS D1t KRR RIS RIS R
TEAEAIR4E . 4§ 1 Labellmg T ., 43 5I7E 900 1% B R
BRI B ) 5~8 NME MKV SEAEARE, FRENE N
IKYESEAE FARTAL, FRZEN column, HFEHEAL AR IRAFLE
xml
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2.1 XA YOLOVSn R EFNE RERNMLE
FEIE HAMBIE S, KU 3L ST K /N 35 4
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16 Wii/s Ao, MELATH 2 o ANAE VAo 301 75 K
I, FEXT YOLOVSn A HEAT Btk

i BN FE SR, A SCHE R IR R [F
WA AT R AT, TR IEE . ot s
YOLOvSn HiR M8 £Efytn e 2 Frows, BNt ~: 1
/il HGNetV2 M 48 % #: YOLOv8n =T M %%, K A%
B S, WUMERIARL; 2) RefEfl& KA SPPF_
LSKA 5, $mtifd 2 RERHEIRINGE ): 3) BEHiiX
THER AL, 7EPRFERS B R R BRI B s 4) R
F Wise-ToU #5128 BRI, 51N B A B R0 FE 448 225 ) T SRS
P AR TR B RS M R

i NInput

n

Split . onact
*
or L [ L L 3 |

(Conv 2d]

-

0%640%3

[ Coneat ] ~{Comar

[3~6]

—»' Detect_ LSCD

[7~8]

9]
SPPF_LSKA

[ [10]

“EFBackbone il SkHead

TE: HGStem JFHEYIAHIBL: HG Stage[11~HG _Stage[4] A4 AEFR I
B; SPPF-LSKA Jyfili & KA ) BS#% i R 77 () SPPF Jz;  Split Jysk &40 #
ff; Detect-LSCD Jyfili 4 S AN S B AL K46 ks C2f Jy it Conv A1
Bottleneck ZH i ¥ 47 1iE fil A 55t ; Batch Norm 2 d AL — 4L 4L FE; nhy
Bottleneck EH A ; [i] A i B, i=0~22.

Note: HGStem is the feature preprocessing stage; HG_Stage[1]-HG_Stage[4] are
the feature extraction stages; SPPF-LSKA is the fusion of a large separable
kernel attention SPPF layer; Split is the tensor splitting operation; Detect-LSCD
is the detection head composed of lightweight and shared convolutions; C2f is
the feature fusion module composed of Conv and Bottleneck; Batch Norm 2 d is
the batch normalization processing; » is the number of Bottleneck modules; [7] is
the i-th layer of the model, i=0~22.

B2 #it YOLOvSn M %44
Fig.2 Network structure of improved YOLOv8&n
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2.1.1 HGNetV2 K%
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22 4 > HG_Stage #b 2, 52 F RSFRAER, &R
FAREIA R B H A
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B3 AT SRR AL, 7 — 3 34T 22 BAR, BRKIE
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PAFEEI R . WS RPHE T RER, kR
PR gERGEIE R, o RRE E RS R EE R 14, RS
SRR EE

FRAE$HEELA 4 /> HG_Stage 1 DWConv 1 HGBlock
R, Wl 3 s, HGBlock BB i K B v 5 AR
Fyfk. {E HG Stage[3]. HG Stage[4] H', HGBlock ¥ H
%~ LightConv BEHER T, K2 &4 XM
N, S H PRREE R E R 2 A, RS AT
FEAE RV A, H R ARRAE(S B . 7E HGBlock A, K
FI DWConv ¥ i 1] 4 £ 4 A1 22, M 4 3 il 45 A,
DWConv fERFIESERE MM 2H B8R, FRE A 1x1 HRE
GIEERBRERE, TR R TER, BRR)E SE

HizHZHE, SRR A, S aia Fd i H .

HGStem  —a ]

A\ Input
640%640%3

HGStem | S
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}mnxmxm £ T — — — —
= T 7
HG_Stage[1] o
IHGBlocK |
]
o
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16 stels) =
40420<1 024 i o o
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HG_Stagel) (=
}1znxznxz 048
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HGBlock_I

7E: Pool Aihib#/E; DWConv AVRFE T 7 B &R #AE; LightConv A
A6 U AE; Padding 24 3 78 # 1F ; HGBlock J9 5 4IE $1 HU K Bk 5
160x160x16+ 160x160x128. 80x80x512. 40x40x1 024 Fl1 20x20x2 048 4}
T D i R RPAE PR 44

Note: Pool is a pooling operation; DWConv is a deep separable convolution
operation; LightConv is a lightweight convolution operation; Padding is a filling
operation; HGBlock is the feature extraction module; 160x160x16,
160x160x128, 80x80x512, 40x40x1 024 and 20x20x2 048 are the dimensions
of the output feature map, respectively.

B 3 HGNetV2 F%454 B
Fig.3 Network structure of HGNetV2

2.12 SPPF_LSKA #£3

FEVED'G B ANBSE , PIZK I SAT S I Kz /N
FRAIE, AT ke b/ B bR A AR IEAS [ R B b sl
KR, K SPPF_LSKA #H), Habkg K da Pk,
LSKA (large separable kernel attention) 45 #JF| I /K F 4
L BB BRI Y RGBS A R REZ #4547 n
BOMRR S, b d1 T R RS B Z K. Ny
AEE RSl 3 MR E G, itk 4 R PF e 3] —
i, I 5 LSKA 45 F) 4 sl iV = ) BB S IR R AIE, 2
i SPPF JZAE % AN U R ERHERIBE

LSKA &5t iR B R 1 4B, 15
FKFAIEE B — 4E G AU, AR T SEH T
FRAE. fnlEl 4b o, &% nf N 1x (2d-1) M
(2d-1> x1 BB, SRIBURFIE B K P F1 2 B 7 [ RFAE,
A AR R B IR A A T sk B — P R
WURFAE, 78 o SE KRR B 2 E R E R, &
SR @GRS R R 2R B, IS R N RHIE
BIVE TRy, M as K. & LSKA i NRHE B &
% WIEHCH HxwxC, & 4b W54, LSKA &5
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k
Fi=(Qd-1)xCx2+ 7 XCX2+CxC)xHxW (2)

A d AR, K ABRIZILK,

1x1 Conv
Stride=1

MaxPool2d
MaxPool2d
MaxPool2d

<k &
1x(2d-1)
DWConv

(2d-1)x1
DWConv

1x1 Conv
Stride=1

b. LSKAZEH
b. LSKA structure

a. SPPF_LSKA%: 1Y
a. SPPF_LSKA structure

#: MaxPool2d A KilALZ: LSKA N AT 4 B % IER /7; DWDConv
RNIREY I ER; Stride NERUGK; 1x1. kxks 1x(kld). (kd)x1. 1x(Q2d-
1) 1 Qd-1D)x1 3R d KSR kALK,

Note: MaxPool2d is the maximum pooled layer; LSKA is the large separable
kernel attention; DWDConv is a deep expanding convolution Stride is the
convolution step; 1x1, kxk, 1x(k/d), (k/d)x1, 1x(2d-1) and (2d-1)x1 are the
convolution kernel sizes; d is the expansion rate; £ is the side length of
convolution kernel.

B 4 SPPF _LSKA £#H
Fig.4 SPPF_LSKA structure diagram

R @ KR EERNY RIREER, BiHE
SHRE P, MF REHE F, 70N
2

xC+CxC (3)

P,=Qd-1?xC+ Z

2

F,=(2d-1%xC+ XC+CxC)xHxW 4

XPEEG () A (3) BUEE 10, mrE G R
BETEQd-D/255%55E, XHE 20, n 1 k/d)/2
fEofE, R EEWNHMR. KR SRR R4
BRI RI, SRR B AR A 2 A AR
2.1.3  BEAbm kit

Rt — AR AL /N, X YOLOvSn (14 I Sk i
BB K153 Detect LSCD, HEEMWE 5 fin. £
F41H—14k (group normalization, GN) 24 # 3%
LHRZ PRt =19 —1k (batch normalization, BN) JZ,
MR EIE S, EH N EME R ZE AT IH— b,
AN GRR . P3. P4y PS5 4 HINASERL & 155
PI/NRSE BAs RS EARAR RS BARTION 2, 439
28] GNConv™! {185, il it I =AU 15 R 45 M i —
R, SRASL B GE, KiEp> S8 .
I JE R IRGE, RREREAT ROBE4A 8, 00 H ARAE B fr

B .

I Scal
Conv2d_Seg cale
1x1
Conv2d_Cls
1x1
Conv2d_Seg Scale ]

1x1
Conv2d_Cls

b Scal
Conv2d_Seg cale
1x1
Conv2d _Cls

E: GNConv JyRHAHHA— LB EEIE; Conv2 d_Seg N [EIAERIEAF;
Conv2 d_Cls N/rERWRENE; Scale FRHIERELERUEAE; Shared conversation
RILEEBRG 1x1 5 3x3 5 RIRERZ KA.

Note: GNConv is a convolution operation using group normalization;
Conv2d Seg is a regression convolution operation; Conv2d Cls is a
classification convolution operation; Scale is a feature scale scaling operation;
Shared conversation is a shared convolution module; 1x1 and 3x3 are the
convolution kernel sizes.

B 5 Detect LSCD ##H
Fig.5 Detect LSCD structure diagram
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AN Gy R AN R BEAR 9 1) &, A Wise-ToU V3 i 2k
RO, BRI R B HARRIR RS J . TR TIE
B i R ) Wise-TIoU VI 24l B, Wise-IoU V3 %
AR R AN, 0 AL B A 1 25 T ST
R Bh BN, (1545 A B A w4 B L I O AR T
HE, B w0t 3zt A 7K Y ST ARG I

Wise-IoU V1 #R¥EFE 2 &, i PE BV & I Rwiou »
TR A% 368 5T & B E I A 4 Loy, Wise-ToU V1 31 HE i 2%
LWIoUVl _H‘ﬁﬁ?ﬂjiy‘j

()C - xgt)2 + (y _ygt)2
Rwiou = (5
v = P T (e
Lyiouvi = RwiouLiou (6)

3 W, R H O B SHE R TIORE e /N HER R A 58, X
Hll e 73 0 9 L SEAE L s AR bR, Ty 43 531) S PO A
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WA R BV R R H Oy, HEBEEEBRIL, 1H
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Wise-IoU V3 i HE$ 2 Lwiouvs THHE 775N

Lyiouvs = ¥Lwiouvi (9

22 SIPSREGE
22,1 RIEALE

SRR A S 2, B 2 TAE RSN EM 2]
P AR B AL B AR, BRI Py B E KK L
FERAINA =, FFHAEAKFET m EA—E R PATR R BT
IKVESLAE A B FEAAR,  MAE AR A 53 ]k L A A
FJ%, YOLOv8n Ao JIAE 7LV [ #% 5% b5 H Wi & BE i A
G WA P A2 A A0S B S KB SEAE R sE AL 5K K
Ve SLAERTMAE JUART 0 AR N E AL 2 R, 2l i =
FREAL T oK ET7, SISEM8ArER R RE. fEKTe
SLAE KA FAL A B AR BUE A 2 1 R, SR 5t
&5 WBRNATIA R R, AR ECNT . N
/b DR PR A B N K e S A B P AR A 3 B RE Al 22, AR
ALK LA 5K AZ S AL i ot AR AR, RIZK P SLAE
FSTINARE JEG 0 AR BRAE A 8 L S R R

IS Y ZReod YOLOv8n BEAY T B bR SEATEAT A,
AT 2 FOAE AL bR, BE TSR A5 H LA R b O AR R
WARTIAE A b A ARAR APy = (ayn), A N AARER RUA
Py = (xp,y0), B — K Ve A B R H H 0 AL FR A
Pc = (xc,y0)s Wxe, yerlHR:

= X1+ X
{ ¢ 2 (10)
Yc =Y
K 6 4 6 FiAE 5 T FI/KJE LT 2 A 2 S i $2
iNEZE R

a.N-S b. S-N

e T EOSHRIETINE TS KPS RE B IR TTHE K PRSI AE R TIAE .
Note: The dots are the reference points for the positioning of the cement column
calculated according to the prediction box; the box is the cement column
detection box.

B 6 KikiARiARERRTER
Fig.6 Concrete column positioning reference points extraction
diagram
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s, HoE A s S EORE AR . S A £ X 58 mT i,
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RERFIEH W AEL MR R ER K, HEREKERM
EHAR s LR IR Z SR A A T s A RER AR 6 R A A,
Rk, 23 A oH 55 4 AR AT A AL AR 1 R I SR I E k.
BB Sk NBIME . 2 3 AR A — S SRR SR
HANAE (=Skys Sk FEEEPY,  JUA)E A e B 7K A5k ) 22 A6
W, IR LIRS, BJR 15 R0 A A P AURS R I K e ST A
EN S, RIS RIS, .
222 RERFAF L

H RTLA S0 22 (0 £ 50947 Hough 2848 &%
/N IRIEP) Bezier i A A AP DL K = B S HE A
WP A ARSI SR it s B AMNIE, SR EIEON S
Fatk, KPeSEAETEATE EHED R SY, b AR E e dH
2R KB B FAT X H 7, Bezier BHZR 40L& VM = IR FESE
2 TG, A K . Hough 2836 55 2L7E
SH A AT RUFERE, PRI E 4, HAERE
A S EBUD R TR AR A, B A SCRH &N
Tk KA T L

5 N N T o R 5 (7 AP i € 28 RN gl 515 54
A 0 — R A 7, R AR T /M W
B S SR E R 2 (A AR 25~ 5 AR A e A R S 40
T B AN A ST BN G R AL, IR T N B 2R,
Rk, BWHEAR Y = ax+b, IR SENS = {(ay)li=
1,2,3,..,N}, HE SCRTHf E FEA IR [ AL 0K
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Note: The straight lines on both sides are the fitted cement column lines; the
central line is the fitted navigation center line.
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Fig.7 Navigation center line extraction diagram
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Table 2 Ablation test results
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Table 3 Comparison of detection results of different models
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YOLOvV53s 7.2 2.50 5.03 91.1 95.1 11.1

YOLOV6 11.9 424 8.29 89.9 93.5 12.0

YOLOvV7 105.1 36.50 74.80 91.0 98.0 14.9

YOLOVSs 28.6 11.10 21.40 92.1 95.6 124

YOLOv8n-HGNetV2-SPPF_LSKA-LSCD-Wise-loU 5.7 1.99 4.03 93.1 97.9 6.8
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Note: The green dots are the reference points for concrete column positioning
calculated according to the prediction box; and the red dots are the reference
points for the positioning of the concrete column marked by manual observation.
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Fig.8 Schematic diagram of marking of positioning reference
points by manual observation and algorithm extraction
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Fig.9 Error statistics of reference points extracted by manual
observation and algorithm extraction
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Note: The red line in the center is the navigational reference line depicted
according to the actual sailing middle line; the central blue line is the navigation
center line extracted by the algorithm.
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Fig.10 Error analysis diagram of actual navigation center line and
algorithm extraction of navigation center line
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Table 4 Velocities of the navigation center line extracted in four

types of environments (Wi-s™)
B LA 1 LS 2 I 3 A 4
Models Video 1 Video2  Video3  Video 4
YOLOv8n.pt 83.98 85.19 85.59 84.31
ik YOLOvSn.pt
Improved YOLOv8n.pt 117.01 116.87 116.62 117.52
YOLOv8n.engine 16.52 16.82 16.21 15.99
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Note: Video 1 is the video traveling from north to south under medium indensity
condition; video 2 is the video traveling from south to north under medium
indensity condition; video 3 is the video traveling from north to south under high
indensity condition; video 4 is the video traveling from south to north under high
indensity condition. The YOLOv8n model was improved to YOLOvS8N-HGnetV2-
SPPF_LSKA-LSCD-WISE-IOU.
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Extracting the navigation center line for fishery complementary
photovoltaic boat using improved YOLOv8n

SUN Yueping™? , MENG Xiangwen® , GUO Peixuan' , LI Zigiang® , LIU Yong' , ZHAO De’an'?

(1. College of Electrical and Information Engineering, Jiangsu University, Zhenjiang 212013, China; 2. Changzhou Dongfeng Agricultural
Machinery Group Co., LTD., Changzhou 213200, China; 3. Key Laboratory of Agricultural Measurement and Control Technology and
Equipment for Machinery Industry, Jiangsu University, Zhenjiang 212013, China)

Abstract: Photovoltaic panel arrays can often shade over the fishing and light complementary ponds. BeiDou/GPS positioning
signals are then affected to significantly reduce the autonomous navigation accuracy of unmanned workboats. Additionally,
traditional machine vision can easily cause the suboptimal visual navigation of line detection, due to the low robustness. The
resulting images are also confined to the variations in the light and shadow, the distribution of aquatic plants, and surface
obstacles. In this study, an improved YOLOv8n model was proposed to extract the navigation center line in the fish and light
complementary ponds. Firstly, the HGNetV2 network was used as the backbone network, in order to improve the real-time
detection. Group normalization (GN) and shared convolution structure were also used to design a lightweight detection head
network, in order to reduce the size of the model. Then the SPPF_LSKA module was used as the feature fusion layer to
improve the multi-scale feature fusion of the model. Finally, the Wise-IoU (weighted interpolation of sequential evidence for
intersection over union) loss function was used to improve the bounding box regression performance and the detection accuracy
of remote small targets. The detection frame coordinates of improved YOLOv8n were used to extract the reference points for
the positioning of the cement columns on both sides. The lines of the cement columns on both sides were fitted by the least
square method. The middle line of the navigation was then extracted by the angle bisection line. Ablation test results showed
that the calculation amount, parameter number and model volume of the improved YOLOv8n model decreased by 36.0%,
36.8% and 32.8%, respectively, compared with the original, where the mean average precision (mAP) was 97.9%. The
detection speed increased by 42.9%, where the accuracy was 93.1%, and the detection time of a single image was 6.8 ms.
Comparison test showed that the improved YOLOv8n model exhibited the smallest size and the highest degree of lightweight,
while maintaining a high level of detection accuracy, compared with the YOLOvSs, YOLOv6, YOLOv7, and YOLOVS.
Excellent performance was also achieved in detecting the concrete columns. In the positioning test of the navigation center line,
the average linear errors between the reference point of the extraction cement column and the manual observation mark were
3.69 and 4.57 cm in the range of 0-5 m and 5-10 m, respectively. The average linear error between the extracted and actual
navigation center line was 3.26 cm, with an accuracy of 92%. The real-time test showed that the average extraction speed of the
navigation midline was improved by 38.04% (117.01 frame/s) on the Windows11 test platform, compared with the original.
Furthermore, the average extraction speed of navigation midline increased by 36.38% (22.34 frame/s) on the Jetson test
platform. Consequently, the improved model can fully meet the navigation requirements of unmanned fishing and light
complementary pond boat. The findings can provide a strong reference for the subsequent research on the visual navigation
system of operation boats.

Keywords: YOLOVS8n; visual navigation; unmanned operation boat; fish and light complementary pond; center line detection
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