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Calibrating tracing errors for space-used telescope
by coordinate transfor

Cui Kai, Liu Zhaohui, Li Zhiguo, Gao Xiong, Xie Youjin, Wang Zhenyu
(Xi'an Institute of Optics and Precision Mechanics of CAS, Xi’an 710119, China)

Abstract: For better testing and calibrating the space -used telescope, a novel calculating model was
introduced to simulate tracing process of the satellite. The coordinate transform theory was used for the
indoor rotating target, the result was coincident with the spherical trigonometry. A model was deduced to
illustrate the relationship between the tracing errors and the position errors of detecting system and the
telescope gyration centre. The result showed that, a position error of 0.2 m in the vertical axis direction
simply causing a constant elevation angle tracing error of 5.658 74 °, without any influence on other
tracing performance. An error of 0.002 m in the horizontal axis direction caused coupling tracing errors
both in azimuth and elevation measurements, the azimuth angle tracing error ranged between 0.056 78 °~
0.139 25 °, azimuth angular velocity error was 0.007 01 ° per second, the azimuth angular acceleration
error was 0.002 56 degree per second square, while the elevation angle tracing error was about 10~* order
of magnitude, and the angular velocity and angular acceleration was about 10-° order of magnitude. The
tracing performance was independent of position error in the collimation axis direction. This conclusion
provides reference for testing and assembling space-used telescope.
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Fig.1 Schematic diagram of rotary target used
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for tracing a satellite simulation
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different coordinate system

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com



http://www.pdffactory.com

¥ 7

NF AR EBRETALRERERE T LA 153

FE SCKE MBS A AR 2R OXYZi, AR sS4 T
P 1 AN AR i I N T O A1 B 20 e Y
F6 1 O s B ) — M, X A KRR, 5 Y.z
by B T AR bR R R RS a y BRUE A,
B A 0 SO DREPGEW A, Bl
B E 17
A %JJW¢§1¢?E7?#J4D" I Z AR T BT
A FH A2 IR 28 Q=0 3T b 5 IR M =0, [/ JE $LiE X
BB RO e N 0, BERMAERE nEX T
BT AR, P RERYILGAOLE f A1 n BIATH
SEAT T 200 102 AT 5 A f=fornt, 200G B ShHEAR G
WSS DAPUEARZE R @ 6 i, O, o, TN
XN, PRSI DERE S a i Q. n A,

HIAT (1) TR 2 I 206 T SR 18t Al bk 2R
TSI TR S (25 [HIAH (X Vs Zs)o

R P =

Xs , | cosfdcos(w+f)-sin{dsin(w+f)cosi
:i(l_—el 1 .

Ys L+ecost sincos(w+f)+coscos(w+f)cosi |(1)

Z sin(w+f)sini

FE PRI AR R OXYoZo, A bR IR S A T
BERL X, HEAT T O, Z, 4 ) T8 Bl w4k
ETTI Y, SHAE B T N5 X, . Z A TR AR &R
TZIE AL AR FR T R I SR AR Ak bR R 5% Z, Bl e

B 0,58 X BEHe i, PR 7, ek (o) 153, B E A2
R & T HARLE R
Xs Xs
Vo | =RZ((0+f))RX(I)R(D)|ys | =
|, Z |,
cos(wtf) sin(w+f) 0 1 0 0
=sin(w+f) cos(wtf)cosi 0 0 cosi sini |x
0 0 1 0 -sini cosi
cos(2 sinQ2 O [x
-sin{2 cos{2 O Vs
0 0 1 Z |,

SEAT G H SO Z A 1 A X T BUIE AL AR R [
E L JUTRRERE a=nl2 8 6=(wl2)-B K& &
COS8CoSa 0

f&, B P,=| cosésina | |sinB

siné cosB

B Z B A, AR R AR AR R T AT &
[B] 48 ] A Pi=RP,,

ST L R AR AR R OXY,Z,, AL A I o) TR

L B N FATOLE S

B 15 vty | Z, AR BT KSR ) LY, 7R KT
N A I 28— X, ZEKSEE N, 5 Y. Z A
FAFRE . OS HFs M 5 P, Sz i), BRI UL J7 [ BAAv; K
iw DB P S Y iERE m, %8 Z ks w, B D=Rx
( cosm sinm 0 7(cosw O -sinmi|

-sinm cosm O 0 0 1 JPO,EEJLM%

0 0 1 ||sinm 0 cosmw

wRAMAE AR S fEM O AR bR R AL E S=
Xsr

Yer
Zy

i ff Az_r R A ELr,

Az_r=-arctan (

0,0,+0,5:= =$Dofﬁb§z\ﬁ(2)ﬁ%f£ﬁ%ﬁ

Zy

El_r= arcsm( /—sr+ysr+z ) (2)
V01 B2 AE 22 70 11 55T A5 B B ) BRI A
PR 2250 TS MR B2 7 B 45 L 5 R F Bkl
ST PR R B, R B R R A R AN B
HEAR ELSCH ) 45 SR A% 22 40 3 AT L) SRAT % N DL ER
BEYsrh BEim Gy IR REE . B 38 a=1.5m,B=

42° ,n=4 (°)/s W} R HZ ARk 1 07 HL 45

Angular tracing

&0 e A zimmiEth an gl
"-,_""l lew |l||:l|:|.1||gh.
mh\l‘u /—\\ /
40t .\\/
] L]

Time's
[ 3 2 PN Bl 0 bR DU SR B B 1 B A
Fig.3 Tracing angle of telescope when simulating of tracing

a satellite by indoor rotary target test frame
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Fig.4 Positions among target, telescope gyration centre

and non-center detecting system projecting center
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Fig.5 Tracing errors of non-centered detecting system

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com


http://www.pdffactory.com

¥ E

NF AR EBRETALRERERE T LA 155

TR AR XY 8% Z J7 85 oo 07 ' I 25
BF A0 £ 3 IR R 45 SR, R B RAE X 1 A B i 22
SR T 07 7 1) IR ER R 22 IR G B R AR 75 ] 1R 22
24 0,:(0.002,0,0) 750 £ BREE A 1% 22 0.056 78°~
0.139 25° (48 X EL) , 5 v 7 T B 1A I 3l B a3 25 43
%14 0.007 01 (°)/s,0.002 56(°)/s?, ki 4 5| 47 7 B
B P R 2 B G 10, #f e R R A o I 1R 25 K
Y 107, RPN G A B B /K-l ) 47 B A 22
Xof BREREE RS B, I 25 R T 7 o
RO A ERER R 22 . ] 6 SR ERIES K
Sl ) A AR TS B0 2 X6 5 {7 A R R 22 R S
VAR 2ERE A5l 7 07 B 22 A 386 AT

]
o '|| | —0.002 m

—0nl ! L J = 0.004 m

| ] om0 m
(%3 N a

1] 40 =i 120 1k
Tirmess

Pl 6 Sl rhrC R0 e 7K -l 0 i) F9 AN ] 6L 54 2 %o 5 oL
11 BRI R 22 (4 5
Fig.6 Azimuth angle tracing error caused by position error

in horizontal axis direction for non-center detector
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