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Aspheric optimization design of fisheye lens optical system

ZHANG Xiao,LLYU Lijun
(Department of Precision Mechanical Engineering, Shanghai University, Shanghai 200444, China)

Abstract: Using aspheric surface to improve the imaging quality of optical system is a common
means of lens design. Based on the wave aberration theory of planar symmetric optical system,
the wavefront aberration contribution of the fisheye lens was analyzed. According to the
variation trend of wavefront aberration with aspheric coefficient, the optical surface with
outstanding wave aberration contribution was selected as the candidate for aspheric application,
and then the fisheye lens system was optimized by using the optimization algorithm and the
evaluation function based on the definition of the distribution of light spot diagram. By
optimizing the aspheric surface of a fisheye lens example, the spot diagram range is reduced
from 200 pm for the global optimization design to 100 um, and the evaluation function value is
reduced by 1 order of magnitude, which proves that the method can significantly improve the
imaging quality of the lens. It can be used as a reference for how to effectively apply the
aspheric surface to optimize the optical system of the fisheye lens.
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Fig. 1 Origin (intersection of chief ray and optical surface)

coordinates of xyz coordinate system when chief ray

is reflected by quadratic conical surface
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Fig. 2 Optical path of fisheye lens
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Table 1 Optical parameters of fisheye lens Design x
Design 1 2 3 4 5

No. e d, T d, e d, T d, T d, Index Glass
1 119.69 6.84 174.89 6.83 162.54 6.87 158.15 6.24 146.56 6.21 1.516 8 N-BK7
2 47.96  26.3 43.80 24.75 57.64 24.09 29.53 11.70 53.28 22.97 — —
3 67.51 3.78 79.72  2.77 81.94 3.25 72.76 1. 40 86.73 3.31 1.516 8 N-BK7
4 26.30 20.64 28.42 25.39 34.35 18.20 24.49  23.20 35.62 18.61 — —
5 147.58 2.76 185.99 3.02 162.97 3.05 38. 88 1.39 171.39 3.12 1.516 8 N-BK7
6 15.29 13.96 25.86 14.45 18.29 14.91 23.36  13.89 17.74 14. 38 — —
7 —71.44 6.19 —67.08 5.33 —65.35 7.95 —52.04 5.34 —69.09 8.34 1.6209 SK51
8 21.46 0.59 25.82  0.85 26.22 0.56 26.73 0.97 27.11  0.57 — —
9 21.62 10.47 27.06 16.30 27.47 15.35 26.29 16.67 28.33 11.32 1.728 25 SF10
10 73.28 29.18 75.79 27.42 89.69 30.00 70.87 27.39 92.51 32.71 — —
11 265.51 .88 257.38 3.43 350.51 3.34  252.45 3.43 320.16 3.12 —1.648 31 SF12
12 —197.33 0.09 —141.58 0.09 —122.89 0.10 —142.10 0.85 —151.12 0.11 — —
13 50. 87 .98 47.69  6.55 48.73 7.28 47. 89 7.40 49.08 7.63 1.523 3 KF5
14 —30.44 1.65 —25.90 1.74 —26.07 1.80 —25.95 0.44 —25.75 1.76 1.77314 LAFN28
15 —86.57 10.71 —90.25 16.30 —62.57 11.16 —90.24 14.96 —69.68 11.04 — —

STO Infinity 1.91 Infinity 2.88 Infinity 2.73 Infinity 4,22 Infinity 2.43 — —
16 43.23 4.9 35.47 6.84 53.31 8.02 35.43 6.70 52.86 7.26 1.518 23 K3
17 —15.31 0.58 —12.23 0.70 —13.18 0.64 —12.22 0.48 —13.24 0.66 1.806 1 ILAHS53
18 —35.49 0.1 —38.73 0.08 —30.30 0.14 —38.74 0.83 —31.27 0.12 — —
19 —126.72 0.94 —101.81 1.42 —67.23 0.93 —101.12 —0.19 —93.94 0.93 1.717 36 SF1
20 32.67 3.41 36.17 3.52 35.31  3.35 35.32 6.33 34.26 3.25 1.516 8 N-BK7
21 —27.90 41.26 —16.39 29.37 —22.11 33.69 —16.39 29.50 —22.37 34.58

F2 Designx WEEKEMEAXLFER
Table 2 Aspheric surface and aspheric coefficient of fisheye lens Design x
Design 1 2 3 4 5
surface — 17 1 3 17 1 3
aspheric coefficient a, — 0. 37 —1.13 —0.71 0. 40 0. 81 —1.19
F# 3.3 3.3 3.3 3.3 7.6 7.6 7.6
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Fig. 3 Wave aberration distribution of fisheye lens
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Aperture ray aberrations on final image plane at different field angles (The far right column parameter means field angles)
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Table 3 Value of merit function of fisheye lens

Design 1 2 3 4 5

Q/mm’* 0.0134 0.0012 0.0018 0.0008 0.0006
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