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Design of Aspheric Fisheye Lens and Study of Distortion
Correction Algorithms
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Abstract A design method of aspheric fisheye lens is proposed. Based on the requirements of the lens of panoramic
imaging system, a kind of ultra-wide-angle fisheye lens is designed, which only consists of a spherical glass lens and
three aspherical plastic lenses. The maximum diameter of imaging aperture is 15.3 mm, the working distance behind
is 2.158 mm, the total length of system is 11.44 mm, the focal length is 0.97 mm, the viewing angle is 210", and
the modulation transfer function (MTF) curve reaches 0. 35 at 60 Ip/mm. Furthermore, a kind of distortion
correction algorithm for fisheye lens is built, which calculates the position of ideal image point using actual image poin
according to the obtained distortion curve and distortion model. The algorithm can correct the distorted image taken
by fisheye lens to image without distortion suitable for the human eye view, which is simple and effective. The
algorithm is applied in car panoramic display system. It is verified to be accurate and reasonable, through the
comparison between the real image taken by fisheye lens and the corrected image.
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Table 1 Design parameters of lens

Item

Specification

Image size /cm

Pixel size /pm
Angle of view /(%)
Focal length /mm

F/z
Total length /mm
Thickness of protective glass /mm
Wavelength /nm
Weight of wavelength

0.635
6X6
210
<1
Fixed aperture, F/2.8
<12
0.4
470 510 555 610 650
0.091 0.503 1 0.503 0.107
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Fig. 1 Structure of against long-range objective
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Fig. 2 Initial structure of lens
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Fig. 3 Final structure of lens
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Fig.4 MTF curve of lens
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Fig. 6 Distortion curve of lens
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Fig. 7 Projection model of fish eye imaging

Tm Sk AR AT f-tan o) B AL, T AR B i 15
2 iy £ IR B8 Sk B TR R AR R B f-2tan (ww/2) 15
RILE Horp f O R o L A B Sk AR AR OE
S B B A 2 0 TR A Sk BT A 45 2 1Y) S s BB AL
E A5 B Sk i 5 et B AR R

AR 45 g it 2 1] 6 O il oy B B Sk S A
PSR 2 [7) W 722 1) i 22 » FH 000 ) il 2 22 T QA
PG A B0 B Sk W A2 e i 2 R AL D, it & 2 0
LUQDE- /57

D=aXw +bXw+cXw +dXw +

eXw+ f, (D

K ab.ode f BIRCFHEE . w HEE MM .
IX L R IR 3 A R Rl T SRR R R O
KBV, SEEG AT 2 B e UCRE N S IS il 2 U5 R
JECRE 99% . #F— B HES bR w5 A
FUAE X B 28 2Z (A1 D6 &R W (2) TR o H AR 45 5
BB AR S SR E B AR S Z R R .

w X (14 D) — tan(w)
tan(w)

A FEAAN AT B TS B AR S LA AR A 2 (]
ARG 22 2, 78 S5 B A 1 2o 7 P i 7 B4R RG0S
Z IR 96 2250 % 4 LA 56 & B &l 8 it
N s 38 DGR I B AL 376 5 H4E ABCD i b9 45
e 3] A'B'C'D” -1 b ABCD Hons 5 Y] T S
A'B'C'D’ ¥y B Tt 2O, ZA £ A'B'C'D’ |
IR ZA 1 A'B'C'D" Fi# b4k Al
PAZHE th SEBRAZ S ARG S Z B LT C R . R
AR Z 1] AR E G 2 R0 LA ¢ &R W] DA |y A IR
B 3 B S PR AS T4 B OE ) BRATR T .

D, = X 100. (2)

Q

8 AR LA 56 & 1A
Fig. 8 Geometry diagram of imaging plane
3.2 RIEEEZLBINA
ARV B Ry A IR Sk © R I )
HERESE. B 9N ERLFRBRASE D%
BRI JG A A PS5 1) £ IR AR Sk TR I8 o IR Sk

1222001-4



EEE

A R 7T A2 MR BT Sk BE I B e A % TE S A BT 5T

PERECHY) CMOS Jy 225628 ) — 3k PAL/NTSC i 20k
Ao % B R AR H PAL il 0 F #0458, 7 A0 X 8
0.635 cm, {2 & N 768 pixel X576 pixel R K K/NH
6 pmX6 pm, ZHRMEE N 0. 97 mm, WM H
210%, & 9(b) 2y i FH b A W A% A T B 25 A T A )

WL o R T A R S A 7 AR I AR A9 X B R]
WAZBERGMERT AT . 73 Ah %58 1 1 A 5 B
R SR AT A 3Rk 4 75 sCHEAT AR BRI RIS 1k 2 B
WL S I P 0 (o T 8 PR 7 oK

B9 EEHELFERRET (O AMRELIEE KW RIEE R
Fig. 9 (a) Photograph shoot by fisheye lens and (b) corrected photograph in vehicle panoramic display system
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Fig. 10 Panoramic image by seamless stitching
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