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Abstract: In order to address the problem that disturbance compensation effect of traditional active
disturbance rejection controller (ADRC) decreased rapidly with the increase of disturbance frequency, a
new ADRC method based on modified linear extended state observer (ESO) was proposed in this paper.
Firstly, the coarse tracking system was analyzed, simplified and identified, and then the disturbance
observation theory of ESO was derived and demonstrated, and its disadvantages were pointed out
theoretically. According to that, an improved linear ESO was proposed and its advantages were illustrated
by theory and simulations. Finally, the ADRC of coarse tracking system was realized with the improved
linear ESO and PID adjuster. The experimental results show that as for the external position disturbance
with the magnitude of 1° and frequency of 0.5 -2.5 Hz, the disturbance isolation degree declines

significantly with the increase of disturbance frequency adopting the traditional ADRC. While the
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disturbance isolation degree improves at least 4.416 dB adopting the improved ADRC in this paper, and

the disturbance isolation degree increases stably with the increase of disturbance frequency, which is

almost the same at 2.5 Hz and 0.5 Hz. What's more, the proposed method is robust and the change

within 20% of the controlled object is allowed. In conclusion, theoretical analysis, simulation analysis and

the physics experiment prove this method is effective, and it has some reference value for similar

photoelectric tracking system.
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extended state observer
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Fig.1 Structure of periscope laser communication gimbals
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Fig.2 Control structure of coarse tracking
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Tab.1 Frequency response data of the motor

speed loop
Frequency/Hz Amplitu;igBresponse Phase response/(°)

2 -0.1 -6.8

5 -1.2 -27.5
8 -2.5 -43.4
10 -2.9 -47.1
20 -11.2 —-65.2
50 -26.4 -100.5
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Fig.4 Simulation structure diagram of controlled object and ESO
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Tab.2 Maximum tracking error and standard

deviation with three kinds of control

algorithm
fiHz PID/(°) PID+LESO/(°)  PID+MLESO/(°)
0.5 0.071/0.047  0.054/0.018 0.041/0.016
1.0 0.137/0.095  0.112/0.067 0.085/0.043
1.5 0.205/0.148  0.182/0.113 0.121/0.078
2.0 0.272/0.198  0.265/0.175 0.152/0.104
2.5 0.351/0.247  0.353/0.242 0.206/0.145
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Tab.3 Improvement of disturbance isolation degree

f/Hz PID+LESO/dB PID+MLESO/dB
0.5 2.377/8.337 4.769/9.360
1.0 1.750/3.033 4.146/6.885
1.5 1.034/2.344 4.579/5.563
2.0 0.226/1.073 5.055/5.593
2.5 —-0.025/0.177 4.629/4.627
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Tab.4 Maximum tracking error and standard

deviation with three kinds of control

algorithm when model parameters change

f/Hz PID/(°) PID+LESO/(°) PID+MLESO/(°)
0.5 0.071/0.047 0.060/0.027 0.054/0.021
1.0 0.137/0.095 0.121/0.085 0.105/0.047
1.5 0.205/0.148 0.205/0.121 0.145/0.083
2.0 0.272/0.198 0.281/0.184 0.182/0.115
2.5 0.351/0.247 0.364/0.245 0.236/0.167

RS BRBESHTUNMABEEENRAEREST L
Tab.5 Improvement of disturbance isolation degree

when model parameters change

f/Hz PID+LESO/dB PID+MLESO/dB
0.5 1.462/4.815 2.377/6.998
1.0 1.079/0.966 2.311/6.113
1.5 0.000/1.750 3.008/5.024
2.0 —-0.283/0.637 3.490/4.720
2.5 -0.316/0.071 3.448/3.400
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