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Abstract: [Objective] Field operations in rice cultivation, such as dry direct seeding and transplanting, require higher
path tracking accuracy of agricultural machinery. To meet the requirements for operational consistency and uniform crop
distribution in rice production, we designed an assisted steering control system for wheeled tractors, aiming to assist
human operators in achieving precise path tracking during rice field operations. [Method] First, we constructed a driver
steering model using data from driving simulator tests, and combined it with the kinematic model of wheeled tractors to
develop an integrated vehicle control model that incorporates the driver-in-the-loop. Then, we used a polytopic linear
parameter varying system to describe the uncertainties in the model, including time-varying driver model parameters and
vehicle speed. Based on this model, an output feedback robust controller was designed to ensure robust stability of the
system under uncertainties described by polyhedral sets. Additionally, a region pole placement method was employed to
improve the transient response performance of the system. Finally, driver-in-the-loop tests were conducted to evaluate the
performance of the designed controller. [Result]The results show that this method effectively enhances the path tracking
performance of wheeled tractors while alleviating the physical and mental burdens on the operator. In single lane-change
maneuvers and complex serpentine driving conditions, the maximum lateral tracking error is reduced by 66.7% and
55.6% compared with that of the PID control algorithm, respectively, while the physical workload of the driver was
reduced by 26.86% and 37.6%, and the mental workload was reduced by 4.2% and 31.3%, respectively. [ Conclusion]
The proposed control strategy offers a technical foundation for enhancing the operational quality of rice and other crop
fieldwork.

Keywords: rice mechanization; path tracking; robust control; driver-vehicle model; integration of agricultural machinery
and agronomy
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Fig. 1. Kinematic model of a wheeled tractor
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Fig. 2. Single-point preview steering model for the driver
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Table 1. Physical and mental workload of drivers under Test Condition 1

THt1 Yy B A A G4
Test condition 1 Physical workload Mental workload
Jo¥zEil#s Without controller 3.5
FHEl4s With controller 2.4
2 WHAITR 2 THOEY RYBEAT RS
Table 2. Physical and mental workload of drivers under Test Condition 2
T4 2 YIER A i gt
Test condition 2 Physical workload Mental workload
T Hil#E Without controller 15.4

HiEH%E With controller

11.5
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