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Abstract: Based on the traditional Shack-Hartmann wavefront sensing technology, a co-focus error de-
tection system has been designed for the synthetic aperture system, which is used to detect the tilt er-
ror of the segmented primary mirror of the synthetic aperture system. Because of the vibration of the
experimental platform and the disturbance of the air flow in the experimental environment, the cen-
troid of mass of the Shack-Hartmann spots array makes irregular jitter which results in the co-focus

error detection system not meeting the high-accuracy requirement. In order to solve this problem, a
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method of continuous frame rate data sampling and image processing is proposed to overcome the in-
fluence of environment. The collected video data is processed frame by frame and superimposed on
each other to analyze the distribution law of the centroid of mass of the spots array. The minimum cir-
cumscribed rectangle of the spots map is constructed to obtain the position of the centroid of the
spots, which greatly improves the detection accuracy of the co-focus error detection system. Experi-
ments show that the standard deviations of the tilt error data along the X and Y directions of the cen-
tral mirror were reduced from 0. 029 7 and 0. 009 2 to 6. 0X10"° and 5. 1614 X 10", respectively. Fi-
nally, the stability of the data of the spot centroid has been increased more than one magnitude, which
greatly overcomes the problem of loss of precision of the detection system that is caused by environ-
mental factors. In the meantime, the feasibility of the co-focus error detection system is verified.
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Fig. 1 Layout of co-focus error optical detection system
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Fig. 2 Hartmann lens array
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Fig. 3 Photo of segmented primary mirror
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Tab.1 Specifications of lens array

MLA300-14AR

Parameter

Substrate material Fused silica

Wavelength range From DUV to IR

Array size and type 10 nm X 10 mm, Square grid
Lens type Square, Refractive, Plano-convex

18. 6 mm
Yes, Reflectivity<<1% ,

Focal length

AR-coating
Within 400 —900 nm
hs, w 10 mm
t 1. 20 mm
P 300 pm
s 1.31 pm

r 8.6 mm
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Fig. 4 Principle of co-focus error detection
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Fig. 8 Flow chat of co-focus error detection
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Tab. 2 Tilt errors of sub-mirror 1 )
Data The inclination along the X direction The inclination along the Y direction
Central mirror —0.353 14 —0.121 2
Sub-mirror 1 —0.316 0 —0.5375
Difference value 0.037 4 —0.416 3
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Tab. 3 Five times co-focus error detection data of central mirror )

The inclination of the central mirror along the = The inclination of the central mirror along the

Data set X direction Y direction

1 —0.2790 —0.198 2

2 —0.3017 —0.177 1

3 —0.294 6 —0.186 6

4 —0.217 6 —0.171 0

5 —0.279 3 —0.182 6
Standard deviation 0.029 7 0.009 2
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Tab. 4 Five times video frequency co-focus error detection data of central mirror )

The inclination of the central mirror along the  The inclination of the central mirror along the

Data set

X direction Y direction
1 0.128 2 —0.046 4
2 0.129 0 —0.047 3
3 0.128 4 —0.046 6
4 0.128 0 —0.045 7
B 0.127 7 —0.046 7

Standard deviation 6.0X107° 5.161 4X107*
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Tab.5 Resampling tilt errors of sub-mirror 1 )
Data The inclination along the X direction The inclination along the Y direction
Central mirror 0.124 4 0.255 2
Sub-mirror 1 0.118 3 0.261 7
Difference value —0.006 1 0.006 5
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