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Sliding Mode Active Disturbance Rejection Control of
Synchronous Steering High Clearance Sprayer

LIU Guohai LI Chiheng SHEN Yue LIU Hui ZHANG Yafei ZHAO Sha
( School of Electrical and Information Engineering Jiangsu University Zhenjiang 212013 China)

Abstract: To improve the response speed and robustness of the synchronous steering high clearance
sprayer to the target attitude a sliding mode active disturbance rejection controller was proposed to realize
the attitude control for the synchronous steering chassis. Firstly the attitude control model was built
based on the synchronous steering structure. Then the attitude control model of the sprayer was decoupled
and transformed into standard type of feedback system. After that the extended state observer was
designed to compensate the total disturbance of the model in real time and the terminal sliding mode
control rate was derived according to the attitude control model of the sprayer. Finally the performance of
the attitude controller was verified by simulation tests and field tests. In the field test when the target
angle was 5° the response time of the front and rear steering angles of the sprayer was 1. 55 s and 1. 45 s.
When the target angle was 20° the response time of the front and rear steering angles of the sprayer was
3.05 s and 2. 95 s respectively. Compared with the traditional PID controller the response speed of the
forward and rear steering angles of the sliding mode active disturbance rejection controller proposed were
increased by 8.42% and 1. 89% respectively and the steady-state error was decreased by 2. 96% and
3.15% respectively. The simulation and field test results showed that the sliding mode active
disturbance rejection attitude control algorithm had fast convergence speed and strong robustness which
can meet the needs of unmanned autonomous navigation operation of the sprayer in different
environments.
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8
Fig.8 Simulation results of attitude control system in ideal state
1 (a=5°) (8=20°)

Tab.1 Simulation results of front-axis steering

angle for o =5° in ideal state

/s /s 1%
PID 0.28 1.05 19.02
ADRC 0.57 0.92 2.56
LADRC 0. 56 0. 86 0. 68
SADRC 0. 46 0.63 0.76
2 (a=20°)

Tab.2 Simulation results of front-axis steering angle

for o =20° in ideal state

/s /s 1%
PID 0.67 3.67 9.80
ADRC 1.29 1.73 1.70
LADRC 1. 14 1.76 0.85
SADRC 0.95 1.17 0
3 (B=5°)

Tab.4 Simulation results of rear-axis steering angle

for 8 =20° in ideal state

/s 1%
PID 0.67 3.96 10. 01
ADRC 1. 09 2.05 2.53
LADRC 1.09 2.08 0.82
SADRC 0.93 1.16 0
3.3

Tab.3 Simulation results of rear-axis steering angle

for 8 =5° in ideal state

/s /s 1%
PID 0.28 0.94 19.18
ADRC 0.55 1.02 3.42
LADRC 0.53 0.89 4.76
SADRC 0.45 0.62 1.26
PID
SADRC
o LADRC ADRC
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14

Fig. 14 Field test of attitude control in puddy field

13
Fig. 13 Result of field test of attitude control on

hard pavement
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