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Active disturbance rejection controller to compensate the wind
disturbance for the optoelectronic telescope with large aperture

ZHAI Jun-hong®? WANG Hong-xuan® CHEN Juan® WANG Ping"?
(1. Changchun Institute of Optics, Fine Mechanics and Physics,
the Chinese Academy of Sciences, Changchun 130033, China;
2. Graduate School of the Chinese Academy of Sciences, Beijing 100039, China )

Abstract: When the aperture of telescope is larger than 5 meters, it is necessary to compensate the wind disturbances for
ensuring the high precision of the telescope. Since Active Disturbance Rejection Controller (ADRC) can compensate
model disturbances and external uncertainty disturbances, we apply ADRC to an optoelectronic telescope, in which the
extended state observer is used to observe and compensate the disturbances including the wind disturbance, which
belongs to the load disturbance of an external uncertainty disturbance. This method can restrain the effect of wind
disturbance on system, quicken the response-speed of speed loop without over-shooting, and reduce the error of the steady
state. Simulation results show that the mean error of speed loop based on ADRC is1.8x10°rad/s, standard deviation
9.87x10rad/s and maximum error 5.7x10rad/s if the wind disturbance is within £100N-m. Its anti-disturbance ability is
better than that of speed loop based on PID controller.

Key words: optoelectronic telescope; wind disturbance; ADRC; servo system

[

@ Lyapunov

2007-04-01 2007-08-26
(1982-) ( ) E-mail: junhong0501@163.com



2007 12

13
[3]
[4]
[5]
PID
1
(Active Disturbance Rejection Controller ADRC) (Tracking
Differentiation TD) (Extended States Observe ESO) (Nonlinear
State Error Feedback NLSEF) ADRC 1
vt v v ¢ 0
0 - uo(t) u() Controlled y(t)
E D va(t) + - A 81('[)\ NLSEF ?@T device >
e o -
; Zo/b t
: ESO
Al
1
Fig.1 Structure of second-order active disturbance rejection controller
(TD)
(ESO)
ADRC
[6] [7] (TD)
n=n
c ) (1)
n, =-1.76rn, —r°(n,—n,)
No Ny No ny No r r
(ESO)
e=2z-n
Z:l =2, - fne @)
1,=12,— f,e+bu
Z, = _ﬂoae
n 2

Z

Z3



14

34 12
u Por foo fPos
(NLSEF)
U, = kl(zl - nl) + kz(zz - nz) (3)
u=u,—2z,/b
ki ko b
2
T,=0.013s Tm=1.25s C.=1.4V-s/rad PID
500(0.455+1)(0.013s +1
G(s) = ( )( ) @)
(1.355+1)(0.006s +1)
“m” @ @ TD ESO
NLSEF r=200 fu=1.0x10* f3,=0.5x10° [33=0.8x10* k;=1.0x10%® k,=10
b=1 MATLAB 6.5.0 Simulink 2
PID controller
5 0.45s+1 0.013s+1 Controlled device /Il
k ’ 1.355+1 0.0065+1—| V W=
o 2 Ce 1
EL S ADRC_ - - Qo3 [ A 46.95
AN l_) Cn
D Y X2 o )Z(f Uo. -
00 2 3
D NLSEF o] _|§—|
' = E
-0 f 17 [
is u Wind disturbance
2
71 y <
ESO
2
Fig.2 Simulation model of speed loop
3 r 10 20 40 60 ADRC ADRC
r 4 PID ADRC
r=200 ADRC PID
12 12
LOpI=6 10 -
= =4 —
£08 /0/ 0.8 [
Soatfl /=2 il
N Y 2 B
0.4 // / X 0.4 H-{ —— Speed loop based on ADRC
/ r=10 ¢ Speed loop based on PID
0.2 0.2 "t H H H H
0 0 H H H H H
0 01 02 03 04 05 06 0 005 01 0415 02 025 03
Tis Tis
3 r ADRC 4 ADRC PID

Fig.3 Step response of the speed loop based on
ADRC with different r value

Fig.4 Comparison of step response of the speed loop

based on ADRC and PID
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