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Vibration compensation of satellite platform
based on piezo-electric steering system
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Abstract: A disturbance compensation scheme based on a piezo-electric steering control system was
presented,for the vibration of a satellite platform seriously impacted the tracking and pointing accura-
cy in space optical communication. A mathematical model for the piezo-electric steering system was
built. Then, an adaptive controller based on an improved Least Mean Square (LMS) filter was de-
signed, and effect factors on optimal step length choices were analyzed. For the problem of signal
phase delay, an adaptive delay filter was designed not only to compensate the phase delay, but also a-
daptively to adjust the input signal phase to increase its convergence rate without adding the step
length. Finally, a verifying experiment was performed. The results show that the remained errors af-
ter compensation are prad magnitude and the compensation factor is over 85%. These results prove
that this control scheme is valid and feasible.

Key words: space optical communication; satellite platform; vibration compensation; piezo-electric

steering; LMS filtering

:2010-12-02; :2011-02-15.
(No. IRT0520)



2086 19

1 .
’ 2
’ (Pi-
’ ’ ezo-electric Steering Mirror, PSM,
(-2 )
’ (Quadrant Detector, QD) e
N (Acquisition, Tracking
and Pointing, ATP) ,
: \ ( Hm<s>:m : (D
99%); , ; w, & o
( mrad )
. . S [4]
SR p—— 2
Ts+1
, T ,
, (Least Mean ’
Squar, LMS) , ’
Vaq ¢ O 0 0 —1/T 2G.D,/T 0 9 Va7 O 0
0, 0 0 1 0 0 0 0., 0 0
6, 0 — —2tw, 0 A’ A 2¢w. | |0, Goo” 0 Vi
Vol |—UT 26.D.T 0 0 0 o |lvalTl o o [VJ ’
0, 0 0 0 0 0 1 6, 0 0
6, | | 0 Aw’, A 28w, 0 —w, —2¢w, | |0, |0 Gy, |
(3)
Va7 00 0 ViV x v
a. 0 0 i Ve s Vi x v
Veq 10 0 0 0 04|60, 0 0|V NeRen
V(Ji[o 00 1 0 o} Vi, o o [ij G G .y 0.,
0, 0 0 0, T y s, s w,
o, J 1o o] x y NN
D

x v JALLVA,



9 s 2087
X y » T Ak R M
9Dm ° o IU ’
3 LMS o .
o Tme
1
Tinse = . (8
mse 4 Amv
3.1 a
s Aay R o
1 o
(7) (8) D) M ’
] ) - MSE ; ,
Signal s0m) — ’
generation((7) o
e(H)
X (I MS Adaptive Quadrant 3.3
algorithm detector(/2) .
v(n) =Asin(2xfnT,), d(n)
1 PAsinQ2nfanT,+¢), T, . f
Fig. 1 Disturbance compensation scheme of piezo-e- Lo 3
lectric steering system x(n)
.P.F M D FIR x(n):Bsin(annTs—Fsi)(,«) . (9)
. () s o
cd(n) ;x(n) FIR LMS FIR
su(n) , ;
;S(?’I) ;e(?’l) u(ﬂ):FBSIH(ZT[]KVIT~+¢(,+¢I‘) ) (10)
=d(n)—s(n) : , e FIR :
LMS FIR s(n)
wn), , s(n) =MFBsin(2rn fnT,+¢c+d:+bu)
s(n) s(n), (b
1 LMS sl | N DSP R
. e(n) . s(n) =
w(n+1)=w(n)+2)ax/(n)e<n) , (5) d(n),
,x'(n) MFB=PA , a2
x' () =s() *x(n) , (6) o b+ bu = pe. (13)
:s(n) : LMS F ¢, (12),
o (13 , ,
3.2 PA
F=—, (14)
# M., MB
(MSE) R b =bp — b — Pu. (15)
MSE s F ¢
MSE s o
Wop‘ . MSE ° MC 2 . (5) [}
LMS C(Dp (D)
M x'(n)  e(n) .
Mg - A ’ (7) ,
”; ‘ (5)  wx'(We(n) MSE



19

2088
., V¢ :
E(V ) =ECe(m)x () =VE. (16) 4
’ V 52 ’ M
, x' () e(n) o 4.1
, i x () 1 o
e(n) ’ o
) MSE 1
s o x () Tab.1 Parameters for piezo-electic steering system
e(n) ’ Variable Value
° ® ’ V. /V —10 ~+10
y2a 1) 1) de/V —10 ’\/+10
. Vi /V —10 ~+10
(ADF), Vi /V —10 ~+10
Go./(V/m) 1X10°
Gy, /(V/m) 1X10°
° G,/ (rad/ V) 48X 1073
2 o Guy/ (rad/ V) 4810
0, /rad —20X107 % ~—+20X10"*°
v(n) m d(n) ﬂ},/rad —20X10 3 ~—4+20X10""*
L platorni?) | w,/(rad/s) 5 498(875 Ho)
e(n) * .
* (W[TMS adaptive uadran
algﬂﬂthpr’; d?tcci:r(])r) g" 0.9
A, —2X107*
A, —2%107
2 ADF T/s 65X10"°
Fig. 2 Disturbance compensation scheme with ADF D/m 1
’ kHZ
s Ac s b6 s Ac |
<100 Hz,
[9-10]
A<;(n+1)=A<;(n)+/1Ae(n)>< <100 ‘ul’ad . °
[x(n—Ac (W) —Au—D—x(n—AG) —Au+1)] ; 100 Hz, 100 prad
am ,
o se(n) .
» Ay
o Ma v(n)=Asin QnfnT,) , (19)
1
—, ‘A )
O<#A<10PJ. (18) S
P, . T .
, 4.2
¢L} ’ ) 77



2089
vzliwmin/wmax? (20) 95 ‘ T T T T T T T T
L D e bt i i et St et ekt bl
s Wmax Wmin : H ' : 1 1 H ' 1
§ 93--. cseccscdeccccpeananke
° (20) 97]:1 97] 5 92r--
—0 & oI
° £ 90
13 RS I -
4.3.1 g | i
g & T
3 L o e AN Sttt It b Sl et by
., 0.3s ,0.3 s 85‘D 10 20 30 40 50 60 70 80 90 100
Amplitude/purad
, f 60 Hz, s
4
b
Fig.4 Relationship of compensation factor and amplitude
‘urad o , 4.3.2
5
b o
. 0.3 s ,0.3 s
, A 50 prad, ,
b
b
B
5 Hrad ° ’
5
=]
[¥3] ’ o
50 50
’ - v , 407 40
7| S S S S S S P S S S S S S S S S 30f-+-
S(\O 02 04 06 08 1 02 04 06 08 1 201l ig
Timels Timels -g 10 i ?;% 10
= 0 4E 0
(a) A=10 prad (b) A=40 prad L-%,lo 4 E10
201 20
100 -30- -30
ol a0} 40 i foredeeed
6 %02 04 06 08 1 % 02 04 06 08
4 Time/s Time/s
B 2
H (a) f=10 prad (b) f=40 prad
g2
_4
6
-8
10

04 06 08 1

\
1
Time/s = -g ‘
() A=70 prad (d) A=100 prad & a
3 f=60 Hz 1
Fig. 3 Experiment results with f=60 Hz 1 _;lg II‘M” 04: 0:6
Time/s Time/s
7 A 1 (¢) f=70 prad (d) f=100 prad
. ’ 60 Hz 5 A=50 prad
91% ’ Fig.5 Experiment results with A=50 prad
. 7 / 6



2090 19
N . 100 HZ ’ ’
85y0 b b b
b b o
b
, 5
b b
100 —
08 f----i
o 96 °
05 o4 l-- LMS ,
& 92ps s
5 90 --
g 88l ’
=
2 86
g [
S 84 t-- o .
Wil prad 8%
800 10 20 30 40 50 60 70 s
Frequency/Hz °
b
6
Fig. 6 Relationship of compensation factor and frequency ‘
(5] ; , .
L1l . 2009, 17

(1]

(2]

(3]

(4]

GUWLMAN M, KOGAN A, KAZARIAN A. Ac
quisition and pointing control for intersatellite laser
communication [ J|. IEEE Transactions on Aero—
space and Electronic Systems, 2004,40(4):1239-
1248.
SKORMIN V A, TASCILLO M A,BUSCH T E.
Adaptive jitter rejection technique applicable to air-
borne laser communication systems [J]. Optical
Engineering » 1995, 34:1263-1268.
KIM B S, GIBSON S, TSA T C. Adaptive control
of a tilt mirror for laser beam steering [C]. Pro-
ceeding of the 2004 American Control Con ference ,
Boston, 2004 :3417-3421.
[l , 2007, 28
(4) :941-945.
LI X ZH., SUN ZH W, LU F, et al.. Research on
the control algorithm of the piezo-electirc steering
system for optic intersatellite communications [ ] ].

Journal of Astronautics, 2007, 28 (4);941-945.

(in Chinese)

[6]

7]

[8]

[9]

(4):764-770.
LINZH Q, LIH J, LANG Y H, etal.. Obtaining

spot parameters by quadrant photodetectors [J].

Opt. Precision Eng. ., 2009, 17(4).764-770. (in
Chinese)
[Jl. , 2010, 18(10):2164-2170.

ZHAO X, TONG SH F, JIANG H L. Experimen-
tal testing on characteristics of four-quadrant detec-
tor [J]. Opt. Precision Eng., 2010, 18(10) :1264~
2170. (in Chinese)

WATKINS R J. AGRAWAL B N. Use of least
means squares filter in control of optical beam jitter
[J1. Journal of Guidance, Control and Dynam-
ics, 2007,30(4):1116-1122.

[J].

LIY, GE W Q, WANG SH B. Adaptive inverse
Opt.
Eng., 2009, 17(11):2744-2749. (in Chinese)

, 2009, 17(11):2744-2749.
Precision

control of stable platform []].

s s



2091

(1. » 2009, 17
(2):314-320.
GENG W B, ZHAI L P, DING Y L. Analysis of
influence of vibration on transfer function in optics
imaging system [J]. Opt. Precision Eng., 2009,
17(2) :314-320. (in Chinese)
[10] , , ,

(1972 —>, s
s s , 1993
, 1998
2004
° E*mail;

xuan han(@ yahoo. com. cn
(1982—), s
s ,2004
,2006  ,2010

N

, E-mail; lixiangzhi219 (@ 163.

com

(1980 —>, s
s ,2004
, 2007

. E-mail:; wenm602 @

hotmail. com

L. .
2005, 29(3):228-232

MA J, HAN Q Q, YUSY, etal.. The effect of
vibration on intersatellite optical communication
and the resolving project[J]. Laser Technology ,
2005, 29(3):228-232. (in Chinese)

(1982—), .
, 2005
,2010

. E-mail:coldsun@sina. com

(1981_)’ ’ ’
s ,2004 2006  ,2010

» E-mail: jxnhit @ gmail.

com



