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Computer-Aided Alignment Method Based on Shack-Hartmann Sensor
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Abstract As the most widely used wavefront sensors in adaptive optics, Shack-Hartmann sensors can measure not
only the distortions caused by atmospheric turbulence, but also the aberrations brought by mirror position errors,
which are usually introduced by wind, temperature change, and mechanical stress. In this paper, we established the
functional relation between the subaperture slope and misalignment based on the Shack-Hartmann sensor, and then
developed a computer-aided alignment method based on the centroid deviation of lattice spots before and after optical
system misalignment. This method converts the misalignment calculation into multi-objective optimization, which
can be solved by multi-objective intelligence optimization algorithms. Using a three-mirror optical system as an
example, the co-simulation with Python and Zemax was conducted for alignment. The simulation results show that
the misalignments are reduced to the micron level after three iterations, which can meet the practical alignment
requirements. The simulation results demonstrated the correctness of the proposed method.
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Fig. 2 CAA method based on Shack-Hartmann sensor
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Table 1  Design parameters of three-mirror optical system

Radius / Distance /

Surface Conic
mm mm
Primary mirror (PM)  1501. 10 598.32  —0. 96680
Second mirror (SM) 389. 53 781.32 —2.18720
Flat mirror (FM) Infinity 355. 25 0
Third mirror (TM) 521.13 639.70 —0.51302

= RO R GRS I 7 Skt e T Ik
A IR HOC R NP 3 B

TESEBRA IR AR, 45 e TR BT A0k, i
AR R AN R R MR o i LA s [ E B

[/ image
— | P A!

I
L
il

z 1]

™

Kl 3 R =ROt e RG]

Fig. 3 Layout of three-mirror optical system
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Table 2 Parameters of Shack-Hartmann sensor

Diameter /mm Size of microlens array

Focus length /mm

Resolution of CCD Size of CCD /(mmXmm)

10 9X9 7

512X512 10X10

@ ()

3.4090
3.0681
2.7272
2.3863
2.0454
1.7045
1.3636
1.0227
0.6818
0.3409

Intensity /arb. units
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Fig. 4 Zemax model of Shack-Hartmann sensor. (a) Layout; (b) CCD image

Ideal
optical
system

\ S

i

‘| Misaligned
optical
system

J

Assembly
errors Ad

algorithm

Optimization

| Centroid !
i deviation
{information i

(AK)" - AK
<T,

threshold

‘
‘
‘
1
—=| Done
‘
‘

Compute

assemble errors

Kl 5 %:F Python Ml Zemax BG4 B %% 5 7 A2

Fig. 5 Alignment flow chart based on co-simulation of Python and Zemax
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Table 3 Variance of residual assembly error during alignment
Iterations Zpe /mm ype /mm Ape /() Bpoe /(™ Zpe /mm
Initial misalignment 0. 2300 0. 1600 —0. 1700 0. 1460 0. 2500
1** calculated misalignment 0. 2957 0.1183 —0. 1589 0. 1667 0. 1799
Residual error after 1% alignment —0. 0657 0. 0416 —0.0111 —0. 0207 0. 0701
2™ calculated misalignment —0.0743 0.0311 —0. 0085 —0. 0235 0. 0567
Residual error after 2™ alignment 0. 0086 0.0105 —0. 0026 0. 0028 0.0134
3" calculated misalignment 0. 0074 0. 0123 —0. 0011 0. 0019 0. 0107
Residual error after 3" alignment 0.0012 —0. 0018 —0. 0015 0. 0009 0. 0027
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