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Improving Anti-Disturbance Capability of Fast Steering Mirror by
Adaptive Robust Control
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Abstract Fast steering mirrors (FSM) are widely used in aeronautical optoelectronic stabilization platform for line-
of-sight stabilization. The stability of the FSM is affected by various disturbances especially the vibration in the
aviation environment. Traditional anti-disturbance methods, such as proportion integration differentiation controller
(PID) and disturbance observer (DOB), have a little effect on suppressing disturbance in FSM. To solve these
problems, a fast anti-disturbance strategy based on adaptive robust control (ARC) is proposed. The experimental
results show that the steady-state root mean square error of FSM in vibration environment is reduced by about 80 %
compared with that of the PID control strategy and about 60% compared with that of the DOB control strategy after
the introduction of the ARC. It shows that ARC has remarkable effect on improving the anti-interference ability and
stability of FSM, and has large engineering application value.
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Maximal Average
Control
steady- steady- RMSE
method
state error state error
PID 8.1872 1.0041 1.6938
DOB 67.8370 27.2953 33.4699
ARC 9.3568 1.9641 2.8877
2 .
Table 2 Comparison of maximal and average steady-state
errors and RMSE of fast FSM with vibration
disturbance prad
Maximal Average
Control
steady- steady- RMSE
method
state error state error
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, 3
12 , . RMSE 2
»3 13 .

3 o

1) PID 190.0618 prad,
RMSE  82.4228 prad.
100 Hz . 20 Hz .
2) DOB
163.1598 prad, PID 14% ; RMSE
43.2125 prad, PID 48%.
200 Hz, 5.2,
3) RC 59.6489 prad.,
PID  20.5%;RMSE  17.0788 prad,
PID 20.7%,
, 1/8,
5
. . PID,
DOB .
ARC ,
\ ARC
. DOB .DOB
, DOB  ARC
. ARC

[1] Sweeney M N, Rynkowski G A, Ketabchi M, et al.
Design considerations for
(FSMs) [ J]. Proceedings of SPIE, 2002, 4773: 63-
73.

[2] Xu X H, Yang H B, Wang B, et al. Research on key
technology of fast-steering mirror [ J]. Laser &

Infrared, 2013, 43(10): 1095-1103.

fast-steering mirrors

’ ’ ’

7. . 2013, 43(10): 1095-1103.

[3] Wan M, Zhang J R, Nie W J, et al. Precise pointing
system using fast steering mirror [ J]. Laser &
Infrared, 1999, 29(3). 145-147.

0l - 1999, 29(3): 145-147.
[4] Csencsics E, Schitter G. System design and control of

0905002-7



(5]

[6]

L7]

[8]

(9]

a resonant fast steering mirror for lissajous-based
scanning| J ]. ASME Transactions on Mechatronics,
2017, 22(5) . 1963-1972.

Chen N H, Potsaid B, Wen ] T, et al. Modeling and
control of a fast steering mirror in imaging
applications[ C]// 2010 IEEE International Conference
on Automation Science and Engineering, August 21-
24, 2010, Toronto, ON, USA. New York: IEEE,
2010, 27-32.

Portillo A A, Ortiz G G, Racho C. Fine pointing
control for optical communications[ C] // 2001 IEEE
Aerospace ( Cat. No.
01THS8542), March 10-17, 2001, Big Sky, MT,
USA. New York: IEEE. 2001: 1541-1550.

Ding K, Huang Y M, Ma J G, et al. Error adaptive

feedforward composite control of fast-steering-mirror

Conference Proceedings

[J]. Chinese Journal of Lasers, 2011, 38 (7):
0705007,

LJl. » 2011, 38(7):
0705007,

Teng Y J, Song Y S, Tong S F, et al. Acquisition
performance of laser communication system based on
airship platform [J]. Acta Optica Sinica, 2018, 38
(6): 0606005.

LJ]. , 2018, 38(6):
0606005,

Ding K, Huang Y M, Ma J G, et al. Composite
control of fast-steering-mirror for beam jitter [J ].
Optics and Precision Engineering, 2011, 19 (9).
1991-1998.

’ s ’

[Jl. , 2011, 19(9).

[10]

[11]

[12]

[13]

[14]

[15]

[16]

0905002-8

1991-1998.
Liu HQ, Ma H M, Yan D J, et al. Image motion
detection for space camera [ J ]. Laser &

Optoelectronics Progress, 2019, 56(8): 080006.
L. , 2019, 56

(8): 080006.

Zhao ] T, Jin G S, Gao X H. Fuzzy adaptive PID

control algorithm based on fast steering mirror[]J].

Laser & Infrared, 2018, 48(6). 756-761.

PID [JJ.
(6): 756-761.
Kempf C J, Kobayashi S. Disturbance observer and

, 2018, 48

feedforward design for a high-speed direct-drive
positioning table[ J]. IEEE Transactions on Control
Systems Technology, 1999, 7(5);: 513-526.

Yao B, Tomizuka M. Adaptive robust control of a
class of multivariable nonlinear systems[]J]. IFAC
Proceedings Volumes, 1996, 29(1). 2732-2737.

Lee Y, Gong J Q. Yao B, et al. Fuzzy adaptive
robust control of a class of nonlinear systems[ C] //
2001 American Control ( Cat. No.
01CH37148), June 25-27, 2001, Arlington, VA,
USA. New York: IEEE, 2001: 4040-4045.

Yao B, Xu L. Adaptive robust motion control of

Conference

linear motors for precision manufacturing [ J J.
Mechatronics, 2002, 12(4): 595-616.
Ma J G. The basic technologies of the acquisition,
tracking and pointing systems [ ]J]. Opto-Electronic
Engineering, 1989, 16(3); 1-42.

[Jl.

, 1989, 16(3) . 1-42.



