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Research on initial structure construction method of aspheric ima-
ging optical system based on simultaneous multiple surface design
principle

HU Junbo', ZHANG Shuai' , XIE Bofu', ZHAO Xing'** , LIU Weiwei'*?
(1. Institute of Modern Optics, Nankai University, Tianjin 300350, China; 2. Tianjin Key Laboratory of Micro-scale
Optical Information Science and Technology , Tianjin 300350, China)

Abstract: A reasonable initial structure can effectively reduce the workload and improve the subsequent
optimization efficiency in the design of aspheric system, especially the optical system with several aspher-
ic surfaces. This paper proposes a method using simultaneous multiple surfaces (SMS) principle to con-
struct the initial structure. The aberration characteristics of the method in imaging optical system design
are analyzed,and the design process of initial structure of aspheric optical system is proposed based on
the analysis. Finally,a laser radar receiving optical system with working wavelength 850 nm,focal length
20 mm, relative aperture 1/1. 6, field of view 40°,and total length less than 30 mm is designed by the
proposed method, which verifies the feasibility of this method in determining the initial structure of as-
pheric optical system.
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Fig.1 Schematic diagram of SMS method
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Fig.2 Optical imaging system with two lens
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Fig. 3 Design result with parallel rays incidence:
(a) The spot diagram of meridional light beam;
(b) Relationship between incident angle
difference of design plane and spot

radius of meridional light beam
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Fig. 4 Design result with nonparallel rays incidence:
(a) The spot diagram of meridional light beam;
(b) Relationship between incident angle difference

of design plane and spot radius of meridional light beam
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Fig.5 Design result with parallel rays incidence:
(a) Spot diagram of full aperture light beam;
(b) Relationship between field of view and spot

radius of full aperture and meridional light beam
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Fig. 6 Results after using front lens to make

astigmatism compensation for SMS design surface
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Fig. 8 Design process of large field of view aspheric imaging system based on SMS method
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Tab.1 Main parameters of detector

Name Value
Number of pixels 400X 100
Effective pixel area 32 pmX12 pm
Diameter of receving surface 15.92 mm

Pixel fill factor 26 %

Effective detection area 15. 44 mm X 3. 86 mm
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Tab.2 Main parameters of laser radar receiving system

Name value

Working wavelength (850£20) nm

Focal length 20 mm
Aperture F£#£1.6
Field of view 2w=40"
Distortion <5%
Spot radius <12 pym
Total length of system <30 mm
Rear focal length >5 mm

>0.3@45 lp/mm
>80% @12 pm

Cut-off frequency

Circle energy
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Fig. 9 Layout diagram of laser radar receiver
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Tab.3 Structural parameters of optical system

of laser radar receiver optical system

Radius of

Surface curvature/mm Thickness/mm Materials
1 13. 656 3.186 H-ZF1
2 41. 208 3. 816
3 —32.07 1.03 H-K9L
4(STO) 11.028 2.354
) —22.234 2.906 H-K9L
6 —11.422 0.526
7 15. 494 7.842 H-ZF1
8 40. 956 8. 396

R4 HABZRBUCEFRGIERE SR
Tab.4 Aspherical high-order term of laser

radar receiver optical system

Surface High-order data Value
2 5.1124X10°°
4 —2.378X10""
6 1.1487X107°
, 8 5.115X 107
; 10 1.5718X10°*
12 —3.082X107"
14 3.4324X10 "
16 —1.639X10 "
2 —1.881X10°
4 —2.011X107"*
6 1.3338X107°
8 —7.423X10°7
! 10 3.0179X10°¢
12 —8.287X107"
14 1.3233x10° "
16 —9.195x107 "
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