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Figure 1 Autonomous driving experiment platform
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Figure 2 Three-layer architecture of the experimental platform
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Figure 3 Vehicle kinematics model
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Figure 4 Schematic diagram of slip for operational equipment
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Figure 5 Vehicle longitudinal force analysis diagram
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Figure 6 Lateral force analysis of vehicle
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Figure 7 The lateral displacement of the vehicle on the tidal flat
soil under force for 20 seconds

FR A BT iR G\ 1) W5 B R B e, UL I0) W RS R B e, DL L
W T B R e SR iz sh Lk A =0, B T sh
WA A g AR Y T iRz B Bl A R IR

B x(v,0)t e ttet
f(x,§0)—{ (0, 0)+ et
A f(x, o ——Z 3N ;
x(v, & —— LI
o(v, & )——Mi M M
—— A B B I R] s o

PR3 30 4% 12 PR A S 1 3 8 5 00 1 98 A% A S Bl
I HE DL D3, BORE S 1 7 O

e=f(1L+¢" F,)=1f(8v,m,l,L)

=(k + ky)*((8 — arctan(v, + @'« [/v,))  (17)
+(arctan(v, — @'+ /,/v,))

TR0 O P 52 01 Ay e T 5 M T b T 1 52 % EL A
TERR R R, W8 RERE R 4, BAE L PRI 4
2 0o W 480 4 A IR R AR Ak, B8 AR ME B O
JIT LA ] 2% 5 90 80 TT F 52 A% ek B0 5 O TF 58 B
2 A REA XA LR AT AR R

(16)

SRR 7 VR DL S SR A AL 3 25 A i A P AR i
H LT 53 8 30 1 32 3 bR 2 T A5 28 % 25, 398 i A A
B35 R o SCHE N v T R R ) T R e R B TT R
2 AT
O NOR R 2N
e, =k, of (v,mg)
=yt a vt aemg+ayvemg+

Az e vemg:-- (18)

L ARRCE AW
ky+k3:y0+a1'5+a2'v+a3'mg+ a12°5°"0+
@30 emg+ asevemge-- (19)

e, =k, f,(0,v,mg)=c¢,+((6 — arctan(v, + @'+
li/v, )+ (arctan(v, — ¢'+/,/v,)) (20)

3 HEHR

3.1 MEE5FZXE

Sy AR AR B TN AL TR AU bR B 2 U2, T
2024 4% 7 F 20—28 H 7E f {10 7 44 K 3% i R AR &
123°13'3", b £ 39°42'4", 45 H ¥ W 19 [0 4 47 W R 1758
R . IR B 0 YU XA D VR 3 B
SO 2 1V K R M A S R AR e AR v b SR AR
B K AR LUK BT a0 A B T B 4K — 18 .
W8 . VD M UR A ORI R B A R R
B K RTHE K M, 5 BOK PR 76 R S B E B2 R
PR T B T 7K SOB IR N R (HAT 8 b 22 T 1/ 2 K
o X KA M o A R IR 3 50 32 MR i
AR 52, 4l 8 T .

(b) 4R
B8 #Hitt 5k
Figure 8 Site and test
% 8 B P T DU SR AT AR AR ol o A7 0 R — BN
1 0.45 m/s, A 50 K 0 T B AT i B B8 T
0.1~0. 45 m/s Z [, 5T A GE 808 R S A% 2 10 Hzo
I3 T RGN 1] 18 A% 150 Lo B 1) A o B T R



86 B RE AL AR L2 A 2 4 (R IS0

2025 4%

3.2 #£REHMW
3.2.1 Y il

B0 WM U DT 2 SR Al A2 R AT SR A A DM B 7 A A )
Ry B, B3t 17k i B g . e B RS AR e
B3R P S e DL E R B AT E . I B

B 78 o) e SR 2B A2 0. 105 m AR IS 48, BIK 3 8 %
AR 0,125 m AR RS . LAERS BE BDS-RTK il &
IV & R AT BERL 3 A 0 H R 5 2 Y BOHE T K
Bl 58 e s PR, AR IR 56 S 3 N EAT T 21 AR, X L
P AT 53 B, 4 BHE W3R 1R .

F1 HEFEBRE

Table 1 Longitudinal sliding test
. ping  PVMATI REPHME CPRRREE OPEREE  WEERE
/% /(m-s™") /(m-s™") /% 2/
1 0 30 0.219 42 0.300 38 37.11 8.81
2 0 35 0.303 60 0.386 47 27.34 7.22
3 0 40 0.38516 0.467 82 21.51 8.37
4 5 30 0.237 03 0.283 12 19.51 10.75
5 5 35 0.303 66 0.360 69 18.92 7.50
6 5 40 0.380 26 0.434 61 14.29 0.27
7 10 30 0.201 26 0.240 48 19.63 5.32
8 10 35 0.274 26 0.321 56 17.26 4.74
9 10 40 0.337 82 0.390 71 15.65 0.50
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Figure 9 Velocity and longitudinal slip rate diagram
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Table 2 Longitudinal sliding test
i i £ /() HE/kg  PWM A% /% F#2/m WRHIE /m R/ Y
1 20 0 30 5.65 1.666 36.91
2 20 10 30 5.563 1.579 36.03
3 20 0 40 5.33 1.346 33.54
4 20 10 40 5.225 1.241 32.36
5 10 0 35 8.43 0.207 9.59
6 10 10 35 7.9 0.323 3.99
7 30 0 35 2.265 0.246 14.30
8 30 10 35 2.23 0.281 13.26
9 10 5 30 7.5 0.723 0.71
10 10 5 40 9.07 0.847 15.53
11 30 5 30 2.17 0.341 11.43
12 30 5 40 2.22 0.291 12.96
13 20 5 35 5.46 1.476 34.96
£3 WEASHER FE IR AT IR, SEBRAT AE B S 9 AR B A
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Research on slip model of automatic driving of shellfish
harvesting equipment in mudflat

ZHANG Zhilei', GUO Feihong', ZHOU Bingyang', XU Bin',
WU Hao', MU Gang" > *

(1. School of Mechanical and Power Engineering, Dalian Ocean University, Dalian 116023, China; 2. Marine
Fishery Equipment Professional Technology Innovation Center of Liaoning Province, Dalian 116023, China;
3. Key Laboratory of Facility Fisheries, Ministry of Education, Dalian 116023, China)

Abstract: In view of the problem of relative displacement caused by wheel slippage during the operation of autonomous
wheeled clam harvesting equipment on intertidal mudflats, which affects the path tracking accuracy of the autonomous driving
system, a slip prediction method based on vehicle kinematics and dynamics models was proposed. The vehicle's motion
trajectory was derived according to the four-wheel chassis kinematic model, and the walking dynamics model was established
by incorporating tire lateral and longitudinal force characteristics. The calculation methods for longitudinal slip and lateral slip
were clarified. An autonomous driving test platform was designed, consisting of perception, planning, and control layers.
The platform collected position, steering angle, and wheel speed data using an RTK-GNSS system and relevant sensors.
Longitudinal and lateral slip experiments were conducted to investigate the slip characteristics of the harvesting equipment in
the intertidal environment. The longitudinal slip experiment analyzed the effects of motor PWM (pulse width modulation)
and load on slip ratio, and a longitudinal slip model was established through data fitting. The lateral slip experiment explored
the slip characteristics under different steering angles, leading to the fitting of a lateral slip model. To simplify calculations,
the slip coefficient function was expressed in the form of a Taylor polynomial. The model’s accuracy was validated through
experiments, with the error between the actual and predicted trajectories being less than 16%, significantly reducing slip-
related interference errors in autonomous driving on mudflats. Through experimental analysis and model optimization, this
study improves the accuracy of slip prediction and provides a reference for achieving high-precision navigation for clam
harvesting equipment in soft ground environments. Future research could focus on real-time parameter estimation of the slip
model and the dynamics modeling of ground-contact components to enhance the equipment.
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