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Fig.2 Monorail three degree of freedom vehicle model
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Tab.3 Test results of "C" shaped trajectory
Byt ARSI T pag=d) St @ pORE®)
type textual method comparison @ comparison @) comparison )
BB AR 22 /m 0.07 6.00 0.50 0.08
maximum lateral error
BRI T R 2= 0.0353 2.7020 0.0754 0.039 2
lateral error root mean square error
i ROR \ 96 53 10
improve the effect
TR A % 2 deg L5 30.0 10.3 2.8
maximum course angle error
fi i f R ZE I TT R 22 0.013 4 0.268 0 0.022 7 0.0253
course angle error root mean square error
R \ 95 59 47
improve the effect
e OURETBEIR, TR.
Notes: "\" represents no improvement effect, the same below.
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Fig. 9 Lateral error in ""S" shape turning condition
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Fig. 10 Heading angle error in "S" shape turning condition
®4 CSTHENALER
Tab.4 Test results of "S" shaped trajectory
E3id] AR TT I @ X @ X H®
type method in this study comparison @ comparison @) comparison 3
OKBEFRZ /M maximum lateral error 0.07 3.00 0.48 0.08
MR 2B TR R 2 0.026 6 12850 0.178 0 0.028 1
lateral error root mean square error
MR /% improve the effect \ 97 15 5
T KA R 25/ deg 1.2 18.0 9.8 1.8
maximum course angle error
e A R 2 T R AR 2 0.004 8 0.1130 0.014 1 0.006 7
course angle error root mean square error
ME R /% improve the effect \ 95 34 28
*5 MEEHE NCPRIUEMIKER
Tab.5 Test result of "C" shape trajectory under random load
#H X A)/kg Fe KM ] 1R 22 /m AHZEFREU % KM AR 2 deg AR %
weight interval maximum lateral error difference index maximum course angle error difference index
1~100 0.075 7.1 1.37 8.6
101~200 0.068 2.8 1.41 6.0
201~300 0.077 10.0 1.46 2.6
301~400 0.074 6.0 1.51 0.6
401~500 0.074 6.0 1.42 53
501~600 0.072 2.8 1.57 4.6
601~700 0.075 7.1 1.37 8.6
701~800 0.069 1.5 1.46 2.6
801~900 0.072 2.8 1.52 1.3
901~999 0.070 0.1 1.40 6.7
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*6 MEEHM R S"HIEN KSR
Tab. 6 Test result of "S" shape trajectory under random load
FEX [A/kg OB IR 2/m AHZEFEHUY% BRI F iR 2 deg AHZEFEHUY%
weight interval maximum lateral error difference index maximum course angle error difference index
1~100 0.071 1.4 1.20 0.1
101~200 0.075 7.1 1.15 4.1
201~300 0.067 42 1.17 2.5
301~400 0.071 1.4 1.28 7.0
401~500 0.072 2.8 1.30 8.5
501~600 0.066 5.7 1.30 8.5
601~700 0.072 2.8 1.14 5.0
701~800 0.075 7.1 1.17 2.5
801~900 0.071 1.4 1.30 8.5
901~999 0.076 8.5 1.15 4.2
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Fig. 11 Scatter plot of accuracy

1. 100 kg, 2. 200 kg, 3. 300 kg, 4. 400 kg, 5. 500 kg, 6. 600 kg, 7. 700 kg, 8. 800 kg, 9. 900 kg, 10. 1 000 kg.
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Path tracking control for aquaculture workshop transport unmanned vehicles
considering delay characteristics

CAO Shouqgi ©, SUI Guoging, ZHOU Guofeng
(College of Engineering Science and Technology, Shanghai Ocean University, Shanghai 201306, China)

Abstract: A high-precision path tracking control method considering delay characteristics was proposed to
improve the path tracking accuracy of aquaculture transport unmanned vehicle in the process of transporting
aquatic products. Firstly, the dynamics of the unmanned vehicle in the breeding workshop was analyzed. The
dynamics model of the unmanned vehicle was built. Secondly, the communication delay and actuator delay were
expressed as pure delay module and first order inertia delay model. The delay dynamic model was constructed.
Through the model predictive control algorithm, the controller suitable for the intelligent breeding workshop scene
was designed. The simulation platform was built by MATLAB/Simulink and CarSim, and verified based on the
real transport unmanned vehicle and workshop layout. The results showed that compared with MPC controller
without delay, MPC controller only considering actuator delay and LQR controller considering delay, the lateral
error and course Angle error of the proposed method were reduced by 96% and 95%, 15% and 34%, 5% and 28%,
respectively. The results showed that the proposed method performed better in path tracking when facing the delay
problem. This study solves the delay problem of unmanned vehicles in aquaculture transportation, improves the
path tracking accuracy, and ensures the accuracy and safety of unmanned vehicle transportation in aquaculture

workshops.
Key words: driverless car; aquaculture transportation; intelligent farming; steering delay; model predictive control
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