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A method for optimizing fisheye lenses by applying
multiple aspheric surfaces

GAO Bingbing, LYU Lijun, ZENG Tao
(Department of Precision Mechanical Engineering, Shanghai University, Shanghai 200072, China)

Abstract: For optical systems such as fisheye lenses, the object point of the super-large field of
view conforms to the imaging law of the plane-symmetric optical system. This paper applies the
wave aberration theory of plane symmetry optical system developed by LU to study how to
optimize the aspheric imaging system in the optical system of the fisheye lens. First, by calculating
the influence of the aspheric coefficients of each optical surface on the wave aberration of the
super-large field of view optical system, the several optical surfaces that are mostly affected by the
changes in the aspheric coefficients are found. Then ,the aspheric coefficients of these surfaces as
variables and the modulation transfer function of the optical system as the evaluation function are
used, and the adaptive normalized real-coded genetic algorithm is applied to optimize the fisheye

lens optical system. Based on the verification of examples, the method in this paper can effectively
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determine the position of one or more optimal aspheric surfaces, which has guiding significance for

optimizing the fisheye lens system.

Keywords: aspheric optimization; lens design; wave aberration; fisheye lens; plane symmetric

optical system
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Fig. 1 Schematic diagram of coordinate conversion when light

is reflected by a secondary cone surface
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Tab.1 Optical parameters of all spherical fisheye lens

Radius/mm

Distance/mm

Surface Index Glass
Original Optimize [ Original Optimize |

1 143.470 169.251 7.000 8.507 1.51680 N-BK7
2 52.500 76.911 28.000 30.260

3 76.400 79.352 3.800 5.050 1.51680 N-BK7
4 31.521 29.155 21.800 18.999

5 150.000 153.609 3.000 3.096 1.51680 N-BK7
6 17.100 19.982 16.500 16.863

7 —60.000 —42.244 7.000 7.112 1.62090 SK51

8 22.625 22.019 0.600 0.627

9 23.900 24.609 12.600 14.723 1.72825 SF10
10 78.988 91.867 29.600 33.059

11 278.333 300.637 3.000 2.980 1.64831 SF12
12 —185.420 —136.980 0.100 0.095

13 52.030 53.232 7.000 7.933 1.52330 D263TECO
14 —28.500 —23.122 2.000 2.515 1.773 14 LAFN28
15 —=77.000 —57.693 13.000 10.642

STO Infinity Infinity 2.000 2.104

16 45.000 56.436 6.000 7.205 1.51820 K3

17 —14.400 —9.528 0.600 0.809 1.806 10 P-LASF47
18 —34.500 —25.746 0.100 0.107

19 —110.000 -103.519 1.000 1.124 1.71736 SF1
20 35.000 41.208 3.500 3.977 1.51680 N-BK7
21 —27.763 -16.762 42.029 28.260
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Tab.2 The initial O value of the system and the cor-
responding O value of the aspheric coefficient
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Tab.3 Optics parameters of the system after adding aspheric surface optimization

Radius/mm Distance/mm Aspheric coefficient/ (a”)
Surface
Optimized II Optimized [l Optimized II Optimized [ Optimized II Optimized [l
1 189.021 101.849 6.924 5.710 -1 -1
2 52.633 42.464 25.209 36.714 -1 -1
3 74.446 62.090 3.780 3.317 -1 -1
4 41.743 26.524 26.698 16.269 -1 -1
5 152.046 183.382 3.133 2.984 -1 -1
6 16.791 14.557 18.466 14.253 -1 -1
7 —45.165 —44.463 7.719 7.647 -1 -1
8 29.832 22.639 0.712 0.469 -1 —1.646
9 28.096 22.000 16.312 10.487 -1.194 -1.092
10 96.992 82.475 40.457 25311 -1 -1
11 278.580 179.113 3.033 2.189 -1 -1
12 -172.015 —152.798 0.084 0.074 -1 -1
13 61.101 42.159 8.237 4.467 -1 -1
14 —20.352 —25.056 1.986 2.421 -1 -1
15 —58.557 —63.236 16.189 6.488 -1 -1
STO Infinity Infinity 2.151 2.182 -1 -1
16 49.891 31.733 6.344 7.478 -1 -1
17 —11.826 -8.615 0.591 0.602 -1 -1
18 -26.717 —28.284 0.132 0.080 -1 -1
19 -121.931 —147.334 1.160 0.720 -1 -1
20 41.500 28.339 3.313 3.283 -1 -1
21 —22.260 —14.176 30.120 22.680 -1 -1




%3 3]

JeAF T Y AEER T R AR & 80 B 2 R bi
R, R BR T — ARk 47 B 5 P
AR, Wik, 20k S 5000, fZ&Hmr
S5 RIS AR BRI M A, 7525 5]
ZAAEBk L FVE A R 4 R G ARR . 9
LA AEER I AR 2R G0 Q (ERAS LA,

AR S, FEAR SCH R R s 3R BR 1T 404 R
I —FIEXTHERRI R B A BRI ) 2
1 CR R AE R ), s 11, 12 18 55—
Jefy %t AEBR AT 2 B0 AR B e s (R 2 T (R
R PR BUERT ), ANsE 6. 8 . FEXTBIANIEBR
WA RIN O HARLE T, KBS E
E AR, WK 9(a), HAES 0 HAEkM
AN A URE A AR, W 9(e), HARS
O (B AL B R Z 5 i AU T 5 3R USRI 4 A
i, E 9(b), ARG O (EA LA I T 58
SRR Y AR A AH [

Hk, EZEEmERN RS 5L R
Geish, AThAR S RO X AR B GE15 25 B BTk
K, LT LA e FH 24 dEEk T Ak 2 Ge AT,
N RN R G0 O (B M R I G2 T VR b ik
BRI . FEASCHBEE 6. 8 A1 O I PHLLS 15
F =R S, F 4T T =R RRN
O (E B AEBK I R 2L, K1 10 55 8. 9 THIH
FEER T A X1 (4 AR 25 0 A T

XPHER 2 1R 4, FHES TN A B EBRTH
IIAMASEER T, R 48 O HiE— DR, b
PAANAEER T N R T K2 23%. MK 10 AT LA
Fil, 5% 8 WM 9 mfE ARk 5 IR T
RN B, T 6 HhEf 9 T B/ Sy A sk e
XA B R 2ER N, U 2 A AERR 4 AT
DIABLE A Bfg 2, i@z, t—
HIRIRAR GG E, TG R . 3R 2 LIS
W FEIMACAAEER I R GE O (HIR IR RN
50%, TMFEMERE M AJESRTT RS OE T
R AR /N, BB BEE ARk A B0 N, okt
RGMALIIBE S SR AIL, S nT AR T B
NAEBR B0 JE AR = AR T

Z i, AL MTF AR R PEA sRE F 38 I
— LSRR AL Bk %Sk, SRS
SRAERRE LR AR . SRS B e s
Fe 8 AR ER T R EUHN ap(8) = -1.646 , 2 9 TH

koK, A TSR G A IR B Sk 5 vk © 53
0.03
O/mm?
0.030
0.025
0.02
k= 0.020
£
Q 0.015
0.01
0.010
0.005
0 .
2 (17
) 13) o
(2) &5 11 A0 12
6
O/mm?*
6
4 5
g 4
S
2 -3
2
1 1
=3 0
- -1 T 0
% (6) -2 m\\

1(=3)
(b) &5 6 Fil 12 1

-2
1(=3)
(c) %5 6 i1 8 T

9 REHBANFEIEAIEKE R
RoH) Q EELE

Fig. 9 The Q value change diagram of the system when the two
optical surfaces in the system are used as aspherical surfaces
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Fig. 10 The distribution of the system wave aberration when the 8th and 9th surfaces are used as aspherical surfaces
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Fig. 11 The optimized MTF curve when the 8th and 9th
surfaces are used as aspherical surfaces
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