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Abstract: This paper presents a robust lateral controller for autonomous guidance of a farm tractor in field operations.
Although mechanical steering actuators have recently been used for passenger vehicles, the steering actuator of the
farm tractor is based on a hydraulic system, resulting in limited bandwidth and a larger time delay. Based on a
kinematic tractor model with steering actuator dynamics, a nonlinear control technique called dynamic surface control
is applied to design a robust lateral controller that compensates for uncertainty owing to steering actuator and road
geometry. Finally, tracking performance and robustness of the proposed controller are validated via commercial tractor
simulations, with respect to the time delay of the steering actuator and road geometry (e.g., up and down hills), on a
given field with a constant friction coefficient.
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farm tractor
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Table 1 Simulation parameters of a tractor model
Parameter Value Parameter Value
Engine Power 20 (kW) Width 1.226 (m)
Overall length 2.66 (m) Height 1.029 (m)
L 1.50 (m) Weight 720 (kg)
Ry 10.8 Omax 55
Opax 0.5 (rad/s) u 0.4
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Fig. 5 Tractor model with actuator dynamics
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Table 2 Control design parameters for a farm tractor

Kl D KP K] K2 T

SMC 1.2 2.6 - - - -
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DSC 1.1 2.6 - - 10 | 0.09
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Fig. 7 Steering wheel angle and lateral error of three
different controllers at the velocity of 3.6(km/h)
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Table 3 Performance comparison between two lateral
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Fig. 9 Time responses of steering angle error and lateral
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