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Improved cuckoo calibration method of space telescope
secondary mirror adjusting mechanism
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Abstract: In order to improve the adjusting accuracy of space telescope secondary mirror Stewart
mechanism, the precision calibration is necessary. For the 6-PSS Stewart adjusting mechanism, first of
all, the parameter calibration model was obtained by the kinematics and the least square method.
Secondly, the usually cuckoo search based on simplex (SMCS) method was modified by use of VSA and
limitation bounds algorithm to improve the global accuracy of optimization problem. The better calculation
ability compared to SMCS was verified by the simulation results. Finally, to ensure the validity of the
whole travel distance, a test data sampling process included six elements of position and orientation was
planned. Experimental results show that the displacement error at the sampling point is reduced from the
maximum 19.97 pm to 9.68 pm, and the angle error is reduced by a maximum of 123.84" to 8.86".
Similar results are also shown with good accuracy at the non -sampling points, the proposed method
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based on the aforementioned model can effectively improve position accuracy of the secondary mirror

adjusting mechanism, and the compensation results is efficient for the whole travel distance.

Key words: space telescope;
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Tab.1Nominal parametersandactual parameters

of Stewart mechanism simulation

Parame- Rodl Rod2 Rod3 Rod4 Rod5 Rod6
ters /mm /mm /mm /mm /mm /mm
*x, 1036 -21.5 -81.8 -81.8 -21.5 103.6
*x, 1037 -20.8 -83.7 -77.2 -21.1 102.2
"y, 346 1071 724 -724 -107.1 -34.6
"y, 872 1067 721 -76.1 -108.2 -35.8
" 84.7 847 847 847 847 847
"2, 792 811 909 898 8.1  86.7
*x, 679 196 -875 -87.5 196  67.9
°x, 697 161 -86.5 -89.1 203  65.3
°y, 618 897 279 -27.9 -89.7 -618
°y, 637 902 278 -283 -93.0 -68.7
°z,  -1321 -132.1 -132.1 -132.1 -132.1 -132.1
°2,  -131.8 -120.9 -131.7 -1347 -1353 -130.3

PRAERT, S G 1ES LS EOP LB 5 SR %
Z IR ZE AN 2 P, ASCH T e SMCS Bk
BEAT R E 05 B R AN IEL 3 Fw
N H AL SR E ST RN 2 s, SR E
] : VSA-SMCS R 5 53k X b 5 1 Ak )l B AT R

IR R BE T, BRI T SMCS Bk
g 1000
=3 (a) Max: 493.86
;,
3 of
et
£
= 1000 . _ Min: -332.07
0 2 4 6
Position number
g 200 (b) Max: 134.28
3
3 of
et
E .
= 500 M1n:—1|89.03 .
0 2 4 6

Error of d/pm

Position number

Position number

0518002-5

Error of 6/(") Error of @/(")

Errorof /(")

500
(d) Max: 250.10
or 2
~500 ) Min: —23%.06 .
0 2 4 6 8
Position number
500
(e) Max:329.03
0 .
-500 ) ) Miq: -374.02
0 2 4 6 8
Position number
500 Max: 329.95
~500 : ) Miq: -354.99
0 2 4 6 8

Error of @/(") Error of d/um Errot of d/pm Error of d/um

Error of 6/(")

Position number

Pl 2 25 52 B L 21y BLiR 2

s upres SMCS—E—VSA-SMCS threshhold

0
-
. o+

.
o KB
+* Max: -1.93 "

0 2 4 6 8

Position number

s ufpses SMCS——VSA-SMCS threshhold

O L
Max 024 #
axe =t Min: -3.18  #
-5 . . .
0 2 4 6 8
Position number

ool ers SMCS—S—VSA-SMCS threshhold
1

Max: -0.12 55
1 Min: -0.76 @
0 2 4 6 8
Position number

e nlpuns SMCS——VSA-SMCS threshhold
5

(d) ax:2.76
Max: -0.36 ,:tl\-_/[ .
ot - = '.‘ " D
oL ‘..' B L
* 3 *
-5 . . .
0 2 4 6 8

e oprns SMCS—3—VSA-SMCS threshhold
5

Position number

(e) Max: 3.16 &

+
O .

* i .
Max=0.49 >

0 2 4 6 8
Position number

Fig.2 Simulation error of position before parameter calibration
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Tab.2 Calibration simulation result of
Stewart mechanism

Poseerror  dJ/pm d/pm d/pm /(") 6/(")  Yl(")

Before
calibration

SMCS 1.39 3.18 0.76 2.76 3.16 4.99

532.07 189.03 174.38 250.10 374.02 354.99

VSA-SMCS  0.29 0.24 0.12 0.36 0.49 0.29
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Fig.4 Calibration experiment

MU AT REVE A (i R +1 mm A +1° ) I ARIE
SATRERR A, S B AT R AN B 5 B, I A
ITRAER3IBMANAERAS, DATRE A
(0.5,0.5,0.5) b 2 5] , 6 B AR SR A 57 e AN 3R 3 s,

% 3 Stewart HLAGHRE K =R
Tab.3 Partial sampling for calibration of
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Fig.7 Position error after calibration at non-sampling dot
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Tab.4 Calibration results of Stewart mechanism

Pose error d/pm dy/pm dfpm /(") 6(")  Pl(")

Sampling points

. . . 19.52 19.97 17.25 115.44 105.73 123.84
without calibration

Sampling points with

o 9.68 7.72 6.14 8.8 8.53 8.54
calibration

Arbitrary pointswith g oe ¢ 91 718 10.03 10.98 11.41
calibration

5 & it
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