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Improved cuckoo calibration method of space telescope
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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 wm, 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;  precision calibration; SMCS algorithm; Stewart platform
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[14]
o

o

1 Stewart
Tab.1 Nominal parametersand actual parameters

of Stewart mechanism simulation

Parame- Rod 1 Rod2 Rod3 Rod4 Rod5 Rodo6

ters /mm /mm /mm /mm /mm /mm
Ax“ 103.6 -21.5 -81.8 -81.8 -21.5 103.6
Axu 103.7 -20.8 -83.7 -77.2 -21.1 102.2
Ay“ 34.6 107.1 72.4 -72.4  -107.1 -34.6
Ayu 37.2 106.7 72.1 -76.1 -108.2 -35.8
t. 84.7 847 847 847 84.7  84.7
Y2 792  81.1 909  89.8 8.1  86.7 2
Ax“ 67.9 19.6 875 -87.5 19.6 67.9 Fig.2 Simulation error of position before parameter calibration
"y, 697 161  -865 —89.1 203 653
By“ 61.8 89.7 27.9 -279 -89.7 -61.8
Byu 63.7 90.2 27.8 -28.3 -93.0 -68.7
BZ“ -132.1 -132.1 -132.1 -132.1 -132.1 -132.1
BZM -131.8 -129.9 -131.7 -134.7 -135.3 -130.3
2 o SMCS
3 °
2 °
: VSA-SMCS
, SMCS o
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3 Stewart

Tab.3 Partial sampling for calibration of

Stewart mechanism

Displacement d/mm d/mm d/mm  ¢/(°) 6/(°) W/(°)
(0.5,0.5,0.5) 0.5 0.5 0.5 +0.5 +0.5 +0.5
3
Fig.3 Simulation error of position after parameter calibration
2 Stewart
Tab.2 Calibration simulation result of
Stewart mechanism
Poseerror  d/pm d/pm d/pm /(") /(") el (")
Bef -
.e or‘e 532.07 189.03 174.38 250.10 374.02 354.99 Bl
calibration
Fig.5 Schematic diagram of sampling planning
SMCS 1.39 3.18 0.76 2.76 3.16 4.99
VSA-SMCS 0.29 0.24 0.12 036 049 0.29 Q 2.5 mm
’
4 .6
6—PSS  Stewart
, 4 . :
, ( 3 pum) 3
o
4
Fig.4 Calibration experiment
+]1 mm, +]1°
9 5 ’
3 b
(0.5,0.5,0.5) . 3 o
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7
6

. - . Fig.7 Position error after calibration at non—sampling dot
Fig.6 Position error of the sample point before

and after parameter calibration
’

, 42 19.97 pm 9.68 pm, 2.06
Stewart , 123.84" 8.86", 13.9
7 [e] 2 9
o 42
9.85 pwm, 11.41",
4 o ,
4 Stewart

Tab.4 Calibration results of Stewart mechanism

Pose error d/pm d/pm dfpm /(")  6/(") P/(")

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 8.86 8.53 8.54
calibration

Arbitrary points with
o 9.85 8.91 7.18 10.03 10.98 11.41
calibration

6-PSS Stewart

o 12
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