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Abstract: Dynamic modeling of an input-output coupled piezoelectric fast steering mirror (FSM) was
discussed, especially in case that the sampling frequency of the sensor is so high (e.g., high-speed camera
or position sensitive device is used) that the dynamics of the FSM is significant and can’t be neglected.
The dynamics and input-output coupling in the FSM was analyzed. A method was proposed to model the
dynamics and input-output coupling in the FSM, based on the input-output data and the subspace

identification algorithm. Experiments were carried out for data collection and validation of the proposed
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method. The results show that the variance-account-for(VAF) of the dynamic input-output coupled model

is as high as 95%, indicating high accuracy of the model. Comparison was made between the proposed

model and static model as well, showing significant improvement on the model accuracy. The result can

be applied in optimal feedback controller design for closed-loop FSM systems, to improve the closed-loop

performance in laser beam drifting correction.
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Fig.2 Photo of the experimental setup
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Fig.3 Dynamic response of the system

33 AEHBBEHFRBNEIR ARIED

RGN AR AL A 4 iR, %
FLFR LU A%

(1) SR A5 A 8 o [R] IR [ AR 1Y) 7 % 0K
% (R G T ER 5 A ) s A N=10" 21 f1 i+ 5 HLRE L
P HEAE S uk), k=1,2, - N, B RS 5 197
9 2~8V, M PSD REMFS , TR RGN E
y(k) o R AL RE T 8 ST M AHER AR A (LR FR o«
BE L) .

FoH A N=10" AL A S S, B RHeE
A5, HREE PSD 157, i A E AR LR RR Ry i ik %k
P 2H B T X R AR A A T PP AL A

Voltage signals u(k) —»| FSM system Positions y(k)

——————————————————————————

Modeling !
i subspace identification |
PR & ______ . (Modeling)
_____________ : Dynamic-coupling ———————______
i model: !
; Y=G(U) i .
"""""""""" Y (Testing)
Testing data U, ,—» FSM system 7 Error & VAF

4 fBUARHBE Z e S B R 7 T 1A

Fig.4 Process diagram of FSM system modeling and test

(2) 5T BB A B w (k) Fl y(k) >R 3.2
TR S R RS B R SRR A B
C.D, BV R G S AR A A

FMGEHHE VAF (RSB AR AT IEA,

VAF:( | var(Y=Y)

var(Y)

x100% (19)

LY S SEBRM R ;YA A A 5 E f
B s var() T £IB 5, VAF (R AF T EAH 5
SR (0 B2 A FRE L VAF FOA B | 28 006 [ 1
F R, e R 100%

ZGE B n 3 3 AR R Y B4 R G L i
X REE VAF {E SR AR [/ 5 R R AR R B
B 2 G B T X B VAF AR 0K/ . 24 28 55 1 50
n=6 M, FIExT TR, XTI
VAF {EIF2 R TE 95% L) I, A T 2 Yol A5 760 offe o 2k
sk [FIE, i T RS MR s RS L | RS
HEN R T 2 e AR TR RRS BE RO RTIR T, o8 TR
(ARSI 75 2| 500 R R R R A A n=6, 8] 6 iR
T S £ S e A R R LA T R Gk
A LA PSR 22RO,

96.5%

96.0%

95.5%

VAF value

95.0%{ /

—o—Modeling data

-+ -Testing data

94.5% 734 6 8 10 12 14 16 18 20
System order n

5 AR B 8 R HALIY VAF {8 3R

Fig.5 Comparison on VAF values with different system orders

g 2 Actual measured ____. Model
g 1 valye estimates
R AVAVAVAYAVAYA\
2
o
n._2 Channel |
£ 2]
Eaf - ,
£
)
0 20 40 60 80 100
Time/ms

P 6 Jar B Adi T (5 S b 00 e (1 A9 LE 52

Fig.6 Partial comparison with estimated and measured values

0318002-5



gk A2

% 3

www.irla.cn

% 45 %

34 HEBEEBEHSRINLE
T L B A A R i AR R ) o
FET A O A R e/ e R A A
N RS BEA X ) RS D
D=YU"(UU" (20)
ER0) B AEE U MY SRR 2 X
U=[u(l) u(2) u(N)]
Y=[y(1) »(2) y(NV)] (21)
SKAFH M D I, R4 A X (19) A A AL
VAF {H, 5 H. W sh S8 AL A VAF {EAH Ho s, 45 38 0
£1,

® 1 HTRESFHTRER VAF ELELR

Tab.1 VAF values comparison of dynamic and static
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Model type VAF of modeling set VAF of test set
Static model 41.48% 39.77%
Dynamic model 95.93% 95.38%
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