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Design Method for Initial Structure of Freeform Surface Optical System

Luo Yue"?, Li Libo', Feng Yutao', Zhao Hengxiang', Li Xijie', Bai Qinglan'
' Key Laboratory of Spectral Imaging Technology, Xi’an Institute of Optics and Precision Mechanics,
Chinese Academy of Sciences, Xi’an, Shaanxi 710119, China;

“ University of Chinese Academy of Sciences, Beijing 100049, China

Abstract A direct construction method for freeform surface optical system is proposed to address the problem that
the initial structure is difficult to obtain in the design of such system. With the ideal object-image relationship and
the Fermat principle as the criteria of single module iteration, an initial structure with favorable optimization
potential can be directly obtained from a plane optical system without optical power by tracing light rays point by
point. It can be solved faster by sampling feature light rays with different densities at different iteration stages.
After the initial optical structure is obtained, optical design software can be used to further optimize the image
quality. A compact off-axis two-mirror optical system with a 150 mm focal length and a physical size less than
40 mm X 70 mmX 60 mm is designed by the proposed method, which verifies the feasibility of this method in the
design of freeform surface optical systems.
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Fig. 2 Feature ray sampling. (a) Field of view sampling; (b) sparse pupil sampling; (¢) dense pupil sampling
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Fig. 3 Design flow chart of off-axis optical system based on direct construction method
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Table 1 Design requirements of off-axis two-mirror system
Parameter Value
Wavelength range /nm 400—-800
Relative aperture 1/4
Effective focal length /mm 150
Field of view /[ (°) X (*)] 2X1.5
Pixel size /pm 13.5
MTF at 37 lp/mm =>0.6
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Table 2 Configuration parameters of off-axis two-mirror

optical system without optical power

Parameter Value
d, /mm 50
d, /mm 70
a; /() —19
a, /() —14

TERI IR T3 SR W AR 2 A ik 1 e SO
FRINMIRAE . HTHFRGERT YOZ VR R,
PRI RAR I, FURAE X IE D7 [ A7)
SRJF - WSE F A I A T SR AEREAT S
f, Y 2 T 1~6 Biri o oy o, 3t
15 Wi, FpiRAEE 540 LRHE 6L A48 9 4>
MGLA L 60 A~ G RAE . F B R AR SL £ AL 35
ORLEIBSE N TR cE S LEVEs SR L N DY @2
AR P AR G5 B 205 R (RMS) LA LA K
ARG SR L o) BEARNS BOUC B, AR, B KRR

2422002-4



54135 $ 24 H1/2021 £ 12 B/RFER

K 4 BIRES R RS . ()3T ; (RS

Fig. 4 Solving process of initial structure. (a) Before iteration; (b) after iteration
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Fig. 5 Convergence process of solving initial structure
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Table 3 Polynomial coefficients of {reeform surface

Item Viewing mirror Focusing mirror
v 8. 459X 10 * —6.622X10° "
z? 1.334X10* 1.886X10 *
y° —9.381x107" —4. 459X 10" *

xty 8.309x10* —3.316X10°°
y? 1.059X10* 3.604X10°°
z* 8.323X10°° 1.672X10°"

ztyt 1.084X107" 3.076 10"
' 3.081X10° 1. 94410

zty —4.333X10°" 1.139X10°°

2y’ 7.028 X107 " 2.816X107°
¥’ —7.484X1077 1.704X107°
2" —5.156X10"° —2.643X10°°
2yt —9.504X10° " —2.895X10°
2ty —5.134X107" —3.074X107°
y° —1.196X10" " —1.310X10°
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Fig. 6 Design results of off-axis two-mirror freeform surface optical system. (a) Optical path layout; (b) wavefront

error distribution in full field of view; (¢) RMS diameter of spot diagram; (d) MTF
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