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Design of fine pointing tip /tilt mirror of ATP system
for free space optical communication
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(1. Robot Research Institute, Harbin Institute of Technology . Harbin 150001, China;
2. BoShi Precision Measure&.Control Co. ,Ltd. . Harbin Institute of Technology » Harbin 150001, China)

Abstract; The two-dimensional fine pointing tip/tilt minor is a key component of the acquisition,
tracking and pointing(ATP) system for free space optical communication. The mechanical design and
model analysis was made to the tip/tilt mirror driven by the piezoelectric actuator and transmitted by
the flexure hinge. The digital precise position controller was developed, which consisted of driving
module, measuring module and control module. The test system was developed in laboratory, and the
frequency and static performance of tip/tilt mirror were tested. Two measuring methods of the fre-
quency were particularly introduced. The testing results indicate that the frequency of the tip/tilt mir-
ror is about 1. 5 kHz, the rational degree range is about =2 mrad, the precision is about 1 prad and
the resolution is about 0.1 prad.
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Fig. 1 Institution scheme of parallel plate
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Fig. 2 Structure drawing of fine pointing tip/tilt

mirror
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Fig. 3 Model analysis drawing of fine pointing tip/

tilt mirror around the Y axis
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Fig.4 Model analysis drawing of fine pointing tip/

tilt mirror around the axis X

BEEREEY AN X b B 0 B A A R AR R A
PRAL AN 3. 4 B s, B B R AE 4 Bk
1.69 kHzf1 1. 504 kHz.

3 KW iRIEENIX A%

3.1 BFEABEEMIEH R

K B AT W 60 K O 5 A7 4 i s 42 Tl
i i e B . 2 ) 8 R TR B AL BT K T P
BRI LA A I AR R | 32 AR AR R —
P4, 38 2o BIK Sl A% B 5K Bl i F P L e A% B B ) A%
SRR B A5 5 00 A7 4G I Ak B, A B 5 R A A s o
MRt gy E B SR AT I 43 7. B DL DSP
HRZO ) F RS R G AT R B 1 A
SR AT 5 0 g B A Ak St TR B R IE T s AR
TEME BARAR A FR A S0 . D33 42 o) 4 iy 42 ol
KR 2 ARG 0. 190, B el T S 80k
<710 mV, i HY oL FRASE 1 <20, 05 %6/8 h, AR T

KAG T KA e A2 1 TE 5% A 5 B A % [m) I 5
SO & DU 21375 il = N F w G k| Y s
A I TR SR AR S ARG K32y 1.5 kHz B L (5
SHIKE, E 6 FrR,

T R P el 9 0 o A A B 1 [ AR
it /NG B 4 il o A e 5 0 O 2 B 1 B 7 AR R
D« E OGN R SRS 00 350 T B O B0 5 B
BEIE b IR R B B (E S Rk BR B A b Al
FH 73 B s 1 PR A B it 3 A (FF T 458 el 412 4 5%
B R ST . AT DL A5 2 6 % B Y 8 A
#1741, 46 kHz,

X E A B IC 43 B B PR b S 0 25 SR T LA
ST E S S AF A — 0 R 22, 7 R R 22 1Y I A
IR AT A BRIT 53 B B R T B4 O 7 4 A AL H
PR SEAR A G456 He v P 88 9K Bl e 5 FH O 12— T i
I REAH L T B BT T 2 5 K B A — 2 1 R T
2% 5 5k 0 5 AR Hy T B B [ A S

20 b r Dl B R TR AR iR S A
B,

A 1 e B2

WO A% RS

POLII A 1 25

SO il i e B s R X R e 1
Fig.5 Drawing of fine pointing tip/tilt mirror fre-

quency test system
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Fig. 8 Drawing of measuring principle
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Fig. 7 Drawing of fine pointing tip/tilt mirror static

4 5 b

G T T 2 6] O A 4R Il O 5
i R FH I A P RS K Bl 4 R Bl SR R T B AR
3y HEAT TR B A RE I L A 2R 2 B

0 WL T 15 LR Bot T AUl FHREE AT 2 ATP REMH 2. HIBF 2

R AR B Xk AR T O B ) S Al e B 1Y
S ASTERE b i 2 — 2P B

Bl 7 Ol i e A Ak AR M K R S A

perfomance test system

S

(1]

(2]

(3]

(4]
(5]

[6]

7]

AOKI K,KURODA H. Wide and fine pointing mechanism with flexible supports for optical inter-satellite communi-
cation[J]. SPIE,1999,3615.222-229.

KEIZO 1, YOSHIO K. Ultra high speed optical beam steering by optical phased array antennalJ]. SPIE, 1996,
2699.210-217.

NILSSON O. Fundamental limits and possibilities for future telecommunications [J]. IEEE Communications Mag-
azine. 2001, 39(5):164-167.

CHAN V W S. Opitcal space communications [J]. IEEE J Quantum Electron. 2002, 6(6) : 959-975.
MECHERLE S G, HORSTEIN M. Comparison of radio frequency and optical architectures for deep - space com-
munications via a relay satellite [J]. SPIE, 1994, 2123 . 36-53.

YOSHINORI A, MORIO T, MASAHIRO T,er al. Preliminary result on laser communication experiment using
ETS -V[J]. SPIE, 1995, 2381.151-158.

LESH J R,DEPAULA R. Overview of NASA R&.D in optical communicationsJ]. SPIE. 1995, 2381:4-11.



51 BSOS 2 DA ATP 3R SRl i 0 2 47

[8]

[9]

[10]

[11]

[12]

[13]

OPPENHAUSER G, WITTING M, POPESCE A. The European SILEX project and other advanced concepts for

optical space communications [J]. SPIE, 1991 , 1522.2-13.
FLETCHER G D,HICKS T R,LAURENT B. The SILEX optical interorbit link experiment [J]. Electronics &
Communication Engineering Journal ,1991, 3(6):273-279.

POPESCU A F, FURCH B. Status of the European developments for laser intersatellite communications [ ] ].

SPIE, 1993, 1866:10-20.
NIKULIN V V,MOUNIR B,SKORMIN V A.etal. Modeling of the tracking system communication systems[ ] ].

SPIE, 2001 , 4272.72-82.
A E . RS BET PZT WBROK SN E 0 R G RAE iy Ik BT ST [T, b5 4% % T 42.,2004,12(1) : 55-59.
SUN L N,SUN SH Y.QU D SH.et al. Micro-drive positioning system based on PZT and its control[ J]. Optics

and Precision Engineering ,2004,12(1) :55-59. (in Chinese)

X 50, I Tl AT F OB AR OR GRS TAE G IS i AT R F A% £42.2002,10(2) 1 143-147,
LIU P K.SUN L N,QU D SH. Dynamic analysis on a novel nanopositioning stage driven by PZT[J]. Optics and
Precision Engineering ,2002,10(2) :143-147. (in Chinese)

EER A HRE (1976 —), 55 BIE VT PRI . T ZERTSEJ5 1)y S IR Sl e A B A .

PISL T 1964—) o B3 M IT N, Bk, W AE I, EZHEE 7 o AL AR RS HOR BHR AR
BUAE I ZR U ok R~ e ABFFE BT BT I



