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Design of Initial Structure of Fisheye Lens
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Abstract The transfer equation of the principal ray is used to study the relationship between the compression ratio
of the field angle and the optical parameters of the pre-group optics of fisheye lens, and then the design parameters of
the pre-group optics of fisheye lens are determined according to the requirement of compression ratio and lens
dimension. Since the pre-group optics has the imaging performance of a plane-symmetric optical system, the
aberration theory of plane-symmetric optical systems is applied to calculate its wave aberration. The focal power of
every component and the gap between them can be solved from the wave aberration balance equations of pre- and
back-group optics of fisheye lens. The solution is used as constraints, and Zemax is used to obtain a simple initial
design of back-group optics consisting of three lenses. The lens complication and optimization is then performed
according to the simple system. A fisheye lens is obtained, which satisfies the reguirement of bigger field of view and
aperture. The study shows that the method discussed in the paper provides an approach to determine the initial
structure design of fisheye lens and enables the designers not to rely heavily on experience and patents.

Key words optical design; fisheye lens; tracing of principal ray; initial structure; wave aberration; plane-
symmetric optical systems
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Fig. 1 Optical scheme of a principal ray passing the negative meniscus lens in the fisheye lens
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surface of the second lens in pre-group optics
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Fig. 5 Optical scheme of initial structure design of fisheye lens
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Table 1 Requirements of initial structure design of fisheye lens

Parameter Value
Wavelength /nm 380~760

Focal length /mm 15

F# 5

Field of view /(°) 160
Maximum diameter /mm <100
Total length /mm <160
Modulation transfer function (30 lp/mm) =>0.5

BIFE ki =0.9.k, =0.7; HICAL Y S — BB B e R 27 M il 160° TR 47 2 90°, 28 — HuE B PR L 37
H1 90 He i 2 40°; th (DO HORAFFDEA A F RS E W3R 2 Fios ;5 — OB SR ) R 20, BREIAE 90 mm,
I r, =30 mm, N 2 PR ERLSECARES 2 T A 2, A6 41w Bk BE 1) 458 S50 % 3
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Table 2 Parameters of the principal ray in the pre-group optics @)
Lens No. i W2i—2 A2i—1 ,821 1 wW2i—1 Az ,82; w2
1 80 55.73 28.84 53.11 11.05 19.16 45
2 45 33.17 18.63 30.46 13.97 24.43 20
3 HDCHAR IR LS
Table 3 Initial structure parameters of the pre-group optics mm
Surface No. Radius r; Distance d; Height h;
1 106.31 5.00 43.70
2 30.00 16.33 27.00
3 121.93 4.58 25.00
4 27.45 60.65 19.22

MR b3 0 R B Sk BTG 2 3 250, B (12) ~ (1) S RTHOC AL f AE 60° I X 13 (0 P 4% 22 5 78
(A6)~CHRH,y=0.73,9=1,6=0, T T RDOCA B4 2%, IF KM 5 LW B 1R 25 R B O,
A PR R H (22) ~ O RCRILE AW — =S8 K 5 iR,

4 WOGLL B 525 RS G 1R 2 R B

Table 4 Wave aberrations of the pre-group optics and aberration coefficients of the back-group optics

We We, W C{ Cé Si B
0.063 —0.209 0.023 0.126 —0.286 0.172 0.410
£5 FotAn—mot¥ESE

Table 5 First-order optical parameters of the back-group optics

®s @i s du dy
0.0198 0.0487 —0.0317 7.05 7.05
1] Zemax S E B HEAT B BT . 2 FHDOGZR £ 8 181 9 35 75 HRAE (RMS) 1R 4 0 A ek %5, 358 B0
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Table 6 Initial structure parameters of fisheye lens mm
Surface No. ¢ Radius 7, Distance d; Glass type
1 142.284 4.00 N-K5
2 31.930 15.80
3 137.475 7.50 N-LAK33B
4 23.226 53.72
S 28.923 3.03 P-SF8
6 111.143 9.22
STOP Infinity 4.54
7 27.451 13.44 N-FK58
8 —12.459 0.50
9 —12.297 5.34 N-SF57
10 —30.440 38.24

4 kit
PLES 3 9545 2 09 ) U 45 ¥ Sy FE Rl B Zemax HEAT B AL i, LA R L A 20, = 240°, SRR
f' =10 mm,#XFL12 D/ f =2.8 Wikt ER, EXILBNT .
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Table 7 Structural parameters of optimized design mm
Surface No. i Radius r; Distance d; Glass type
1 169.573 13.94 N-LAF21
2 95.428 18.58
3 224.617 4.00 K7
4 26.899 17.57
5 72.960 4.88 N-LAK34
6 22.0485 41.34
7 29.189 15.36 SF56 A
8 14.209 10.87 N-KZFS8
9 103.878 14.76
10 Infinity 1.00 K3
11 Infinity 3.49
STOP Infinity 2.64
12 18.830 4.59 N-FK58
13 —9.125 11.80 F2
14 —12.782 1.48
15 —11.585 2.99 N-SF57
16 —16.543 21.91
5 4
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