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Servo mechanism parameter identification of fast steering

mirror based on flexible supports

Fang Lianwei, Shi Shouxia, Jiang Zhiyong
(Institute of Beijing Remote Sensing Device, Beijing 100039, China)

Abstract: The problems of the two-axis fast steering mirror based on flexible support was put forward firstly, a
servo mechanism structure of the two-axis fast steering mirror based on flexible support was introduced briefly,
the pulse transfer function of the servo mechanism was established, the MIMO system parameter identification
theory was discussed, and the method based on COR-IV method was analyzed. Based on the method, the
identification method of servo mechanism based on flexible support for the two-axis fast steering mirror was
proposed and simulated. The experiment for the identification of servo mechanism parameters was designed to
verify the method and the experimental results were compared with theoretical calculations. The experimental
results show that the MIMO system parameter identification algorithm based on the COR-IV method is effective,
the identification accuracy is within the expected range, and the identification results can provide data support for
the adaptive control of fast steering mirror.
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Fig.3 Diagram for identification test

PRSI AR Qi & 4 FiR o

‘Are the results
meet the conditions
to stop?

Structure conform

Stimulus signal
generation

Signal acquire

Start parameters i
14 identification
(14) using RLS Verify estimation

|7 results

Identificate the
parameters using
COS-1v

Y

Stop and
output results

End

& 4 SEE AR
Fig.4 Flow chart for identification test
RGHERIT SR IR 1~ 4,
ik % 136 R RS B TR AU R AN AT 5~I51 8

(15) .
TR
2T ARAS 0 R B S B ) AR ALY Jhk v % 12 R
BEREOLH 5~F% 7,

R1 - XBESHMETHEER

Tab.1 Simulation results of a-X channel parameter estimation

al a2 b0 bl b2 Static gain
True value —-1.55 0.72 0.212 0.389 0.248 4.99
Estimation —1.540 0.712 0.220 0.395 0.253 5.05
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Tab.2 Simulation results of o-Y channel parameter estimation
al a2 b0 bl b2 Static gain
True value —-1.55 0.72 0.212 0.389 0.248 4.99
Estimation —1.540 0.712 0.220 0.395 0.253 5.05
R3 pXBEESHMITHELR
Tab.3 Simulation results of f-X channel parameter estimation
al a2 b0 bl b2 Static gain
True value —-1.50 0.71 -0.212 —0.318 —-0.354 4.21
Estimation —1.520 0.727 —0.188 —0.285 —0.345 3.95
&4 pYBESHMEITIESER
Tab.4 Simulation results of f-Y channel parameter estimation
al a2 b0 bl b2 Static gain
True value —-1.50 0.71 0.212 0.318 0.354 4.21
Estimation —1.495 0.709 0.222 0.321 0.357 4.21
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Fig.5 Simulation of parameter estimation process for a-X channel
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Fig.7 Simulation of parameter estimation process for 5-X channel
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Tab.5 Calculation results for decoupling matrix

cos(fy) cos(fy) sin(fy) sin(fy)
True value 0.707 0.707 0.707 0.707
Estimation 0.707 0.674 0.707 0.739

&6 o WHPKHER BB REITEER

Tab.6 Results of pulse transfer function parameters for a drive axis

al a2 b0 bl b2 Static gain
True value —-1.550 0.720 0.300 0.550 0.350 4.99
Estimation —1.540 0.712 0.311 0.559 0.358 5.04

&7 ISRk E R R R ETEER

Tab.7 Results of pulse transfer function parameters for g drive axis

al a2 b0 bl b2 Static gain
True value —-1.500 0.710 0.300 0.450 0.500 421
Estimation —1.508 0.718 0.291 0.430 0.496 4.10
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Tab.8 Parameter estimation results for a-X channel

Parameter al a2 b0 bl b2

Result —1.8070 0.9440 —0.0300 —0.1360 —0.0340
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Tab.9 Parameter estimation results for a-Y channel
Parameter al a2 b0 bl b2
Result -1.8390 0.9650 0.0406 0.1739 0.0360
* 10 p-XBESHMITER
Tab.10 Parameter estimation results for f-X channel
Parameter al a2 b0 bl b2
Result —1.8398 0.9939 0.0302 0.1583 0.0255
x 11 pYBESHMEITER
Tab.11 Parameter estimation results for f-Y channel
Parameter al a2 b0 bl b2
Result —1.8259 0.9636 0.0434 0.2029 0.0618
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Fig.10 Parameter estimation process for a-X channel

0 (k)

2354 t
4707 t
7060 r
9431

11766 |
14119

16472 |
- 18 825 |
21178
23531
25884 +
28237 +
30590
32943
35296
37649

(a) al . a2 5l

(a) Parameter estimation process of al & a2

0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05

—— ) em—h] — /()

(k)

—0.05 |
—0.10 |
—0.15

2501 ¢
5001
7501 ¢
10 001
12501 +
15001 +
17501 +
= 20001
22501 ¢
25001
27501 +
30001
32501
35001
37501

(b) b2, b1, bOBEfhHEFE
(b) Parameter estimation process of b2, b1 & b0

B oY SR

Fig.11 Parameter estimation process for a-Y channel

20200303-8



s Gk A2

%54 www.irla.cn % 50 %
1.5 1.5
— ] — (D) — ] — D
1.0 + 1.0 F
0s | 05t
0
~ 0 I . I
= =05
S g5 F <
10 L
1o 15}
-1.5 20 }
_20 1 1 TR 1 1 1 L1 1 1 1 L1 1 1 72.5 IR TN N N TN N TN TN AN TN TN SR TR SR S SN |
— IO 00NN~ ORN —t o NN —=< o noaa
NOVNO—IAI~nond gt < NI - — N OO NWVNI-O A T O
N OFTN—~<FT0O— 1NN OA O NTFT OO — NN OANFT O — NN~
NI —~<F OO0 —Nnwnoo oAl VI~ ANT OO0 — NN~ O AN T \O0— N>
= AN AN NN NN Bl e N\ o\ Ne Ne NesNosNosNegl
k k
(@) al, a2Z 5T (a) al . aOZHfliiHid
(a) Parameter estimation process of al & a2 (a) Parameter estimation process of al & a0
0.45 0.5
— — — — p) D] —
0.40 b2 b1 b0 b0
S
Y
_0.2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
—t o nNnoaoa N —<t IO noaal
NI - — N OO NWNI-OA T O
NT OO — NN OANFT O — NN~
NT OO — NN~ O AN 00— N>
k
(b) b2, b1, bOBKAEHILFR (b) b2, b1, bOSEULITTE
(b) Parameter estimation process of 52, b1 & b0 (b) Parameter estimation process of b2, b1 & b0
B 12 p-XmES KA R 13 gy B SHAG TR
Fig.12 Parameter estimation process for -X channel Fig.13 Parameter estimation process for S-Y channel
SRR A R I AEI 2 400 B 7 oo
N L s A ——Simulation —— Test
SEUA) B ATLAS) F B R e 17 ot 2, X IR 45 SRR AT B iE, 0
- ~0.01 |
Mg 7 2R AN 14~ 17 B . o -0.02 | j/\ A
" = v . 5 _ L N .
P 14~1E1 17 B9800 AR 35 UK, IR R L R 0 { |/ \\AAAr———
. N . - < —U B L}
AR 55 R D B A5 5025 A5 Dy TR0 LAV, 45 005 | j v
-0.06 - 1
RUWF: 007 , , , ,
(1) B S5 U 7 T TR L, DA 5% 1222 0 01 02 03 04 08
ime/s
AR R PEHIARAE, S 45 RAE 9~10 2 [H], {5 K45
&l 14 o-X 38 8 B BRME R X LY

1E 10~11 YR 2ZJa];

(2) P\ ““Hi 5 43 =3 Oy T E AT 6 bl S &5 R AE
29.4~31.3 Hz Z [a], {fj E45 5 4E 29.4~31.3 Hz Z [H];

(3) P\ 3 W B 5 TET AT 6T L, S 0 45 SR A0
FLEE AR T 3%~10% Y0, Hor B BR i o7 () 25 —

MRGIHTIRZER K

Fig.14 o-X channel step response comparation

(4) TR R ZE™T7 I EAT R G, VY438 1 A A3

BIRETE 5% VAN

IR W, T SRR Y K £ 126 bR

S80RT B e I £ e LA P R4

20200303-9



ISk A2

%5 www.irla.cn % 50 A
0.10 oS Sk .
0.09 + —— Simulation Test zZ %j{ﬁk '
0.08 ;

: a ward Haw II. Controll of a fast steering mirror for laser-
Aggg 1]  Larry Edward Haw II. Controll of a f: ing mirror for 1
i;’; 882 based satellite communication[D]. USA: Massachusetts Institute
)
< 0.03 of Technology, 2006.

0.02
0-0(1) r [2] Wang Zhen, Cheng Xuemin. Research progress and
-0.01 . . . . development trend of fast steering mirror [J]. Journal of Applied
0 0.1 0.2 0.3 0.4 0.5
Time/s Optics, 2019, 40(2): 373-379. (in Chinese)
[3] Zhao Lei, Ji Ming, Wang Jia, et al. Design and simulation of fast
B 15 o-Y SEE BRI RN
steering mirrors connected by universal flexure hinges [J].
Fig.15 o-Y channel step response comparation
Infrared and Laser Engineering, 2019, 48(2): 0218002. (in
0.07 Chinese)
0.06 | — Simulation Test
0.05 l‘-. [4] Ai Zhiwei, Ji Jianbo, Wang Pengjv, et al. Integrative design of

. r |
< 0.04 ] I ‘, structure control for two-axis fast steering mirror with flexible
S | NANAY i SERSRE——— . .
g0 88; | '; "’f V f\f support [J]. Infrared and Laser Engineering, 2020, 49(7):
< . B 'a

0.01 L j! v 20190479. (in Chinese)
0 [5] Xu Xinhang, Yang Hongbo, Wang Bing, et al. Research on key
—-0.01 . . . .
0 0.1 0.2 03 0.4 0.5 technology of fast-steering mirror [J]. Laser & Infrared, 2013,
Time/s 43(10): 1095-1103. (in Chinese)
& 16 p-X 383 B BRI X [6] Xu Feifei, Ji Ming, Zhao Chuangshe. Status of fast steering
Fig.16 f-X channel step response comparation mirror [J]. Journal of Applied Optics, 2010, 31(5): 847-850. (in
Chinese)
0.10 . Con . . . .
—— Simulation Test [7] Fang Lianwei, Shi Shouxia. Closed loop design and simulation
0.08 + fi
[l ¢ of fast steering mirror [J]. Laser & Infrared, 2020, 50(10):
~ 006 | [} n
o IR 1
% ) Vs Vs 1233-1240. (in Chinese
S ool I'l f/ \/\f\/\/\ ( )
2 0.02 'l\ ! [8] Gevers M, Miskovi¢ L, Bonvin D, et al. Identification of multi-
0 input systems: Variance analysis and input design issues [J].
~0.02 ) ) ) ) Automatica, 2006, 42: 559-572.
0 0.1 0.2 0.3 0.4 0.5 [91 Yashiko Mutoh, Romeo Ortega. Interactor structure estima-
Time/s
tion for adaptive control of discrete-time multivariable
/\
B 17 B S BRI X H nondecouplable systems [J]. Automatica, 1993, 29(3): 635-647.
Fig.17 f-Y channel step response comparation [10] Totani T, Harada T. On-line measurement of dynamic response
N using pseudo-random pulse train [J]. Transactions of the Society
5 & it

of Instrument & Control Engineers, 1982, 18(5): 495-500.

p'e IZFI }J\ﬁ#ﬂ%% P E'ij"" }(ﬂf_ﬁj;] H{L oo fiﬁj’ /T“J RALAY [11] Bokor J, Keviczky L. Structure and parameter estimation of

ﬁf EI/J ] ﬁﬁ] r“ 1':|Z'| ZV: 7Ejl T #H %_% Eﬂ@%% /J\: MIMO systems using elementary sus-system representation [J].

[12] Zhao Xueliang, Xiao Yongsong. Instrumental variable parameter

Xﬂ"%"i%ﬁ AT R, iﬁiﬁﬁ{ﬁﬁ E%ﬁETiﬁ%ﬁﬁ
)& BRVE FIBE R B e 0 IE R o 2 2 R R R S
5% [ BRAE ML A fa] AR AL ik v 4% 156 pRIBCES . W 5 210

estimation for multiple input single output systems [J]. Science

Technology and Engineering, 2009, 9(20): 6135-6141. (in

Chinese)
’% %UFD ,ﬁ‘l Hﬁ*ﬂ‘ 1:@ M& ﬂ[ﬂ @5@ i KgﬁﬁE ’ ik Eﬁ T Fﬁ %1: ":E' E/(J [13] Cheng Zhijin. Research on multivariable identification and its
BRSO R PEFORS B2 AR U0 A3 LA, ml LR R application[D]. Beijing: Beijing University of Chemical
&ET%R RGN ﬁ f”%‘*fﬁ'l %ﬁ%ﬁﬁi% o Technology, 2012. (in Chinese)

20200303-10


https://doi.org/10.3788/IRLA201948.0218002
https://doi.org/10.3788/IRLA20190479
https://doi.org/10.3969/j.issn.1001-5078.2013.10.03
https://doi.org/10.1016/j.automatica.2005.12.017
https://doi.org/10.1016/0005-1098(93)90060-7
https://doi.org/10.1080/00207178408933225
https://doi.org/10.3969/j.issn.1671-1815.2009.20.040
https://doi.org/10.3969/j.issn.1671-1815.2009.20.040
https://doi.org/10.3788/IRLA201948.0218002
https://doi.org/10.3788/IRLA20190479
https://doi.org/10.3969/j.issn.1001-5078.2013.10.03
https://doi.org/10.1016/j.automatica.2005.12.017
https://doi.org/10.1016/0005-1098(93)90060-7
https://doi.org/10.1080/00207178408933225
https://doi.org/10.3969/j.issn.1671-1815.2009.20.040
https://doi.org/10.3969/j.issn.1671-1815.2009.20.040

s Gk A2

%5 www.irla.cn % 50 %
[14] Xiao Deyun. Theory of System Identification with App- system identification [J]. Circuits, Systems, and Signal

[15]

[16]

lications[M]. Beijing: Tsinghua University Press, 2014. (in
Chinese)

Rolf Iermann, Marco Munchhof. Identification of Dynamic
Systems: An Introduction with Applications[M]. Berlin Hei-
delberg: Springer, 2012.

Torsten Soderstrom, Stoica P. Instrumental variable methods for

[17]

20200303-11

Processing, 1983, 21(1): 1-9.
Han Fengjuan, Cong Xiaoyu, Guo Shanhong, et al. Design of
real-time system simulation architechture for seeker [J].

Computer Application and Software, 2019, 36(6): 76-80. (in

Chinese)


https://doi.org/10.3969/j.issn.1000-386x.2019.06.015
https://doi.org/10.3969/j.issn.1000-386x.2019.06.015
https://doi.org/10.3969/j.issn.1000-386x.2019.06.015
https://doi.org/10.3969/j.issn.1000-386x.2019.06.015

	0 引　言
	1 快速反射镜伺服机构数学模型
	1.1 伺服机构结构形式
	1.2 伺服机构数学模型

	2 相关—辅助变量法伺服机构参数辨识
	2.1 辅助变量最小二乘法参数估计
	2.2 快速反射镜伺服机构参数辨识
	2.2.1 伺服机构脉冲传递函数辨识
	2.2.2 耦合矩阵及伺服机构传递函数的获取


	3 仿真分析
	4 实验验证
	4.1 实验原理
	4.2 平台搭建
	4.3 实验结果及分析

	5 结　论

