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Design and Experiment of Autonomous Navigation System for Unmanned
Agricultural Machinery Based on Composite Terminal Sliding Mode

Yang Wenhao' Ding Shihong' Liu Lu' Sun Jinlin' Ding Chen® Cheng Yue’
(1. School of Electrical and Information Engineering, Jiangsu University, Zhenjiang 212013, China
2. School of Computer and Information Engineering, Fuyang Normal University, Fuyang 236037, China
3. Changzhou Dongfeng Continuously Variable Transmission Co. , Lid. , Changzhou 213002, China)

Abstract; Autonomous navigation system for unmanned agricultural machinery plays a crucial role in
promoting the development of smart agriculture. A precise autonomous navigation system based on robot
operating system 2 ( ROS2) was developed, aiming to meet the demand for precision operations in a
variety of typical agricultural scenarios. The navigation system consisted of three core components: an
unmanned agricultural machinery hardware platform with a modularized design, an environment sensing
and path planning system based on multi-sensor fusion, and a core control system based on the model
based design (MBD) method. A fixed-time composite terminal sliding mode control method based on the
time-varying parameter extended state observer (ESO) was designed for the core control part. The time-
varying ESO can estimate the external disturbances in the farmland environment in real-time and
effectively suppress the peaking phenomenon of the traditional ESO. By designing an integral sliding

mode surface, the chattering of the traditional terminal sliding mode was suppressed, and then a
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composite terminal sliding mode controller was constructed to generate smooth path tracking control
signals, achieving stable control of the unmanned agricultural machinery. Through simulation analysis,
the designed control algorithm was verified to have good stability and dynamic response performance. In
order to further verify the practical application of the system, the Dongfeng 1204 — CVT tractor was
electrified to carry out field spraying operation experiments under both low and high speed conditions.
The experimental results showed that when traveling at speed of 3 km/h, the maximum absolute error of
the lateral offset in straight-line tracking was 0. 246 m, the mean absolute error was 0. 068 m, and the
standard deviation was 0. 049 m; the maximum absolute error of the lateral offset in turning tracking was
0.279 m, the mean absolute error was 0.099 m, and the standard deviation was 0.069 m. When
operating at higher speed of 6 km/h, the maximum absolute error of straight line tracking lateral offset
was 0.400 m, the average absolute error was 0.121 m, and the standard error was 0.087 m; the
maximum absolute error of the lateral offset in turning tracking was 0. 488 m, the mean absolute error was
0.158 m, and the standard deviation was 0. 101 m. In summary, the designed fixed-time composite
terminal sliding-mode control method adopted had significant advantages in terms of the path tracking
accuracy.

Key words: unmanned agricultural machinery; autonomous navigation; fixed-time composite terminal
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Fig. 10 Tracking response curves of path tracking

in agricultural fields at low speed
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Fig. 12 Tracking response curves of path tracking

in agricultural fields at high speed
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