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Freeform Optical System Alignment Based on
Artificial Neural Networks
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Abstract Freeform surfaces freeform optical surfaces are widely utilized in optical engineering domain, while the
traditional computer-aided alignment methods fail to guide the alignment of the optical system containing. A novel
method using artificial neural networks is proposed to assist the alignment of optical system. The logical model of
alignment with neural networks is introduced, and two alignment simulation examples are taken to verify the
practicability of this method. The alignment results show that when the optical path difference distribution or the
simulated Zernike polynomial coefficients of the system exit pupil wavefront are used as imaging quality parameters,
the root-mean-square errors of misalignment parameters computed by the neural network method are less than
7.04%. The neural network method provides a certain reference to alignment of freeform surface systems.
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Fig. 2 Architecture of a four-layer neural network
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Fig. 3 Flow diagram of artificial neural networks
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Table 1 Contrast between set reference and output of simple two-mirror system
X-decenter Y-decenter Z-decenter atilt ptilt r-tilt
Reference +0. 2456 —0.2239 —0.0029 —0.1361 +0.0987 —0. 2004
Output +0.2399 —0.2209 +0.0011 —0.1317 +0.1002 —0. 2087
Error +0.0057 —0.0030 —0.0040 —0. 0044 —0.0015 +0.0083
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Table 2 Contrast between set reference and output of complex three-mirror system
Reference Output Error

Primary-mirror ~ Tertiary-mirror

Primary-mirror

Tertiary-mirror Primary-mirror ~ Tertiary-mirror

X-decenter —2.1360 +1. 8440 —2.0135 +1.8729 —0.1225 —0.0289
Y-decenter —1. 1050 +26. 6050 +1. 0805 +26. 5887 +0.0245 +0.0163
Z-decenter —1. 0050 —0. 2050 —1.0648 —0.1970 +0. 0598 —0. 0080
atilt —1.4435 +0. 2433 —1.4128 +0.2047 —0.0307 +0. 0386
A ilt 0.0032 —0.1032 +0.0099 —0.1144 —0. 0067 +0.0112
r-tilt — +0. 2257 — +0.1953 — +0.0304
’ o
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Table 3 Training time of neural network of complex three-mirror system
Sample 27 g1000 27 g2000
Network mode 20X 20 30X 20 30X30 20X 20 30X20 30X 30
Training time 10 min 17 s 17 min 18 s 24 min 25 s 21 min 25 s 35 min 58 s 50 min 40 s
BP s
b b b b
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