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Optimization method of optical systems of fisheye lens

NIU Zhiquan , LU Lijun
(Department of Precision Mechanism, Shanghai University, Shanghai 200072, China)

Abstract: To reduce the ultra-wide field angle, a pre-optics group that consists of several
negative meniscus lenses of large power in a fisheye lens is used. The large incidence angle of
light at these negative meniscus lenses will result in very serious aberrations. In the paper, the
aspheric pre-optics design is proposed to control the aberrations of fisheye system. Based on
the plane-symmetry imaging properties of the pre-optics, the evaluation function developed
with the aberration theory of plane-symmetry optical systems is applied to optimize the
aspheric coefficients of pre-optics surface as well as other parameters of the optical system.
The imaging performances of different design options are evaluated with the evaluation function
and ray-tracing simulation of Zemax. The results show that the fisheye lens optimized with
aspheric pre-optics has significantly better imaging quality.
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Fig. 5 The aperture ray aberrations of the fisheye lens on the image plane at different field angles



555 1 A AR IR R T % < 413 -

K HAEBR I BEAS A FO IR R 6 R G BR R 5 (3) Design 4 B AYPFHr BE{E L Design 3 iy—2F /4
A RUIRT PTERS A RLE B R S — e TR SR AR BR BT AT DLE— 2Dl N R GE 5 22

oIl 6 f LA (1) d#id J] MERCGA RALFE R =M it £ PRI 22 L 225 BT A W] 0k
N5 (2) SRAARERIIILALHY Design 3 M1 4, 7855 22 37l Al 1A 422 HOR I Bk e =2 oo i fe ot
REEEs (3) Design 4 7 RAUAERRZE (E 22 G5l HE Design 3 b7 A —E R IR

—>— Design 1 0.003 F -« Design 1
0.015 —&- Design 2 —=— Design 2
——Design 3 ——Design 3
. —o—Design 4 £ 0.002 - —o— Design 4
g 0.010 W g
B B
-4 I ] #1 0.001 - f
0 20 40 60 80
M%) MAA/(°)
(a) Bk%= (b) Hx
_ 0.025
0.015F Design 1 — Design 1
—&- Design 2 0.020 |~ Design 2
£ —— Design 3 g ——Design 3
\E 0.010 [ —e-Design 4 E 0.015 | ~° Design4
W H
& |
= Z 0.010
Ny 0-005 - i
PO S-S o e et e Vi 0.005 |
© L 1 I
0 20 40 60 80 0
MAs(°) WA /()
(c) B E (d) TR
— Design 1
0.006 | = Design2
g —— Design 3
< —— Design 4
% 0.0044
=
&®
0.002% i
0 20 40 60 80
M/ ()
(e) B .22

B6 PHFiRitr)& AR EREUL M o A 2%

Fig. 6 Different kinds of aberration curves as a function of field angle for four design options
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