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Design of freeform surface off-axis reflective optical systems based on

quantum genetic algorithm

Miao Lin, Tian Boyu, Sun Nianchun, Zhang Bin’

(College of Electronics and Information Engineering, Sichuan University, Chengdu 610064, China)

Abstract: Aiming at solving the problem of fewer initial structures and complicated optimization processes for
freeform surface off-axis reflective optical systems, a method for designing off-axis reflective optical systems
based on quantum genetic algorithm was proposed. In such method, quantum genetic algorithm combined with
aberration theory was adopted to obtain an initial optical system structure with good image quality, and then the
off-axis process was accomplished and the freeform surface was further introduced to obtain the well-designed
freeform surface off-axis reflective optical system. The method could easily and quickly provide initial structure
with good image quality. Taking the off-axis three-mirror system working in visible light band as an example, a
freeform surface off-axis three-mirror system with field-of-view of 10°x4° and F-number of 2 was designed with
the primary mirror and the tertiary mirror being integrated together. Simulation results indicate that the designed
off-axis three-mirror system exhibits a large field-of-view, a compact structure and a good image quality. The
maximum root mean square (RMS) wavefront error of the system is 0.0485 4 (1=0.632 8 um) and the modulation
transfer functions (MTF) of the full fields are all greater than 0.9 at 50 Ip/mm. Besides, the integrated structure is

benefit for the simplification of the alignment and installation of the system.
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Fig.l Schematic diagram of the initial structure of the on-axis three-

mirror system
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Fig.2 Flowchart of the design process
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Tab.1 Optical system parameters

Parameter Specification
Field of view/(°) 10x4
F-number 2
Wavelength/nm 400-760
Effective focal length/mm 120
MTF/lp-mm’ >0.9@50
Pixel size/um 10
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Tab.2 Ranges of parameters
Parameter oy 0 —e% —g% _eg
Range [0.1,0.5] [1.5,2.1] [-5,5] [-5.,5] [-5,5]
xR 3 EFIIEEEHRRE
Tab.3 Quantum gate rotation update strategy
s(4;,B))
X; best; Sfx)>fbest,) A0;
AB>0 AB<0 A=0 B=0

0 0 False 0 0 0 0 0
0 0 True 0 0 0 0 0
0 1 False 0.01n 1 -1 0 +1
0 1 True 0.01n -1 1 +1

1 0 False 0.0051 -1 1 +1 0

1 1 True 0.0051 1 -1 0 +1
1 1 False 0 0 0 0

1 1 True 0 0 0 0 0
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Tab.4 Initial configuration parameters of the on-axis

three-mirror system

Mirror Radius/mm Thickness/mm Conic
M, —467.19 —141.68 0.117
M, -109.60 141.68 2.052
M, —-143.19 -96.51 —-0.044
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Fig.4 (a) Layout and (b) MTF of the initial structure of the on-axis
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Tab.5 Polynomial coefficients of freeform surface for

three-mirror system

Item M, M, M;
y —5.825E-003 —1.148E-003 —5.519E-004
X —1.352E-003 2.242E-004 —1.851E-004
» —1.336E-003 2.196E-004 —1.895E-004
Xy 1.374E-008 —4.828E-008 —5.616E-009
» —2.060E-008 —1.371E-007 —6.372E-009
x* 7.533E-010 1.052E-010 —3.402E-010
X7 1.136E-009 —2.277E-010 —7.071E-010
> 6.287E-010 —1.3E-010 —3.559E-010
Xy —2.124E-012 3.946E-014
xy? 1.941E-013 6.297E-014
»y —7.222E-015 8.015E-014
x° -3.345E-015 —1.147E-015
xh? 8.395E-015 —4.474E-015
Xyt —2.407E-015 —5.253E-015
¥ —7.531E-016 —1.681E-015
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Tab.6 Final configuration parameters of the off-axis

three-mirror system

Mirror Radius/mm Thickness/mm Conic
M, —436.92 -218.86 -1.611
M, —243.10 218.86 3.461
M, -329.40 —240.47 0.548
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(b) RMS wavefront error; (¢) MTF
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