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Panoramic fisheye optical system based on freeform surface design

LIU Honghai
(Research and Development Center, Guangdong Hongjing Optoelectronic
Technology Inc., Zhongshan 528437, China)

Abstract: The imaging circle of panoramic fisheye optical system is usually a complete circle, which is smaller
than the vertical size of the sensor. Compared with rectangular sensor, the area of circular imaging circle is
smaller and the utilization rate of effective pixels of sensor is low. Combined with the characteristic that the
imaging circle of panoramic fisheye optical system is smaller than that of sensor, a panoramic fisheye optical
system based on freeform surface design was introduced, which could realize elliptical imaging area and
greatly improve the utilization rate of effective pixels of sensor. The freeform surface model was built by using
the optical design software, which was composed of glass lens and plastic lens. The imaging area of the
asymmetric panoramic fisheye optical system was designed to be ellipse by eliminating aberration and
controlling the focus shift under different temperature fields. The X direction of the lens image height was
close to the horizontal size of the sensor, and the Y direction of the lens image height was close to the vertical
size of the sensor. Without considering the manufacturing tolerance, according to the circle and ellipse area
formula, for sensor of 4:3, the effective utilization rate of sensor pixels in the circular imaging area was about
58.9%, and that in the elliptical imaging area was about 78.5%. Finally, the simulation and calculation results
show that the utilization rate of effective pixels of the sensor with elliptical imaging optical design is about
15% higher than that with circular imaging optical design.

Key words: panoramic fisheye optical system; freeform surface; elliptical imaging area; utilization rate of

effective pixels

ks BH#A:2011-10-24; &[5 H#A: 2022-01-03
EZ BN 2 i (1986—), B, TRIF, 2R F L F &AL F4 54 # T4, E-mail: 200710078@qq.com


https://doi.org/10.5768/JAO202243.0301003
https://doi.org/10.5768/JAO202243.0301003
mailto:200710078@qq.com

N2 2022,43(3) XUk FET A i E BT & R ARCFE RS + 393

518

G5t M IROG 22 R G0 — Tl 3 48 18 31
i 180 R YL . FEHR T IR R Wil & A Y
R T R PR A W A e R 3 0 R, 4 AR IR Dy
A G K s ML T 39 10 B BOR Bk 2, iz 3
FABL. 2217 W . 4 Bt I | 8 AR 2 b B 42
S S e N A B B B A O, 4 St £ HR A
Bt R G0 AR i EL 4 B B A B Y
AR R I AR A BRI D455 G
AR . AR R WOt RGN
KA, BLGE T ARG MR R
P R ey A B A I 11 P BT A R, B 2 R AR
4 355 WA 2 R bR AR Y B B BE ) . RS A
1R G 27 28 58 8 R AG X B0 BT I /N T
i 3 BT 10 R R DT, A 8805 3R AN R 13 /Y
T FR, A TEAT BB R D R R AT 5015 3R 3K
ok 5 o T A B A SR IR R
Gi, KA A 1l ERR XL Y 2 A4S D5 R [ AR B LA
e RgH. RIES R PRI 16 = 9 5Y
4 2 3) 73 BIBCTE X ) A Y ) A [R5 g, AT S BSR
DI o AR AR R B 5 RGP, w] LAl s 2
A BRI T B s, 42 v 500 I R LS
FIABRRM AR ET LR, R A |
i AT B Y 2 AR RO 27 2 G O A AR
ol A T 5 TR

1 AEFRGEHRIZITIER

B2 R A B IR R . Ykl K v A
BEREAE BRI 3 Fh . BRI BRE H AT 0 T A AR
AR A O R, ELFR Ay 3 v 5 2 B AE B R TR A,
WA BN AA R 1R 2 . WRHEE K
T LA R 7 B Btk e 7 R T ARG T
7 BN TR R 2T 0 B ol o A O A, i
T A P A 2%, AN B Tl A 3 FL O 2R 8
I JH o B AR B T PR R v MR AR R R, AR K
RAL . A, B2 T 25w, H Ay i
AL MR BROEEE R OL B A, A SR
35 15 Bk 1 in 48k 3R E 09 TR A X85 1T O 2
B,

AR A 1/2.33" CMOS(H 44 8 Ak 2k
S, 1535 4 3843 288 pixels, TGRS 1.4 pmx
1.4 um, H2F R G EEREFR AR 1 R

R1 AFRFEETERIHER

Table 1 Main design parameters of optical system
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Fig. 1 Schematic diagram of distortion model
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Fig.2 Structure diagram of optical system
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Table 2 Parameters of free-form surface

Surface Type Radius Conic Radius of rotation a; a, a; ay as ag ay
L2R1 Toroidal —25.764 0.000 =77.350 0.00 0.00 0.00 0.00 0.00 0.00 0.00
L9R2 Toroidal —4.197 0.000 —5.340 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Fig.4 Schematic diagram of imaging circle
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