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An omnidirectional optical system can be described as a special optical system that images in real time a panoramic image with
an azimuthal angle of 360° and the altitude angle corresponding to the upper and lower fields of view from the horizon line. In
this paper, for easy fabrication and compact size, we designed and fabricated a catadioptric omnidirectional optical system consisting
of the mirror part of a spherical mirror with a central hole (that is, obscuration), a plane mirror, the imaging lens part of 3 single
spherical lenses, and a spherical doublet in the visible light spectrum. We evaluated its image performance by measuring the cut-off
spatial frequency using automobile license plates, and the vertical field of view using an ISO 12233 chart. We achieved a
catadioptric omnidirectional optical system with vertical field of view from +53° to -17° and an azimuthal angle of 360°. This
optical system cleaniy imaged letters on a car’s front license plate at the object distance of 3 meters, which corresponds to a cut-off
spatial frequency of 135 lp/mm.

Keywords: Lens design, Omnidirectional lens system, Panoramic vision, Catadioptic imaging system
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Optical fabrication
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TABLE 1. Design specifications of catadioptric omnidirectional
optical system with a spherical mirror including a center hole
(obscuration) and a plane mirror

items specifications

optical type
wavelength

catadioptric imaging system
visible light(380 nm ~ 700 nm)
Total more than 67 deg.

(upper FOV : more than + 50 deg.,
lower FOV : less than -17deg.)

field of view(FOV)

total length less than 50 mm

MTF MTF 30% @ 150 lp/mm on middle field
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FIG. 1. Initial optical Design for the catadioptric omnidirectional
optical system with a single imaging lens.
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FIG. 2. Optical layout of the optimized catadioptric omnidirectional
optical system with a optimized imaging lens system consisting
of three single lenses and one doublet.
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TABLE 2. RDN data sheet for the optimized catadioptric omnidirectional optical system with a spherical mirror and a plane mirror

Surface Radius[mm] Thickness[mm] Aperture[mm] Material
1 21.5 -18.5 31.0 Mirror
2 - 18.5 16.0 Mirror
3 - 25 4.0 Central hole
4 -2.86 2.1 2.0 516800.641
5 343 1.6 3.0
6 -44.05 32 3.0 516800.641
7 -4.01 1.0 3.0

STOP -17.70 3.1 1.28 516800.641
9 -7.00 0.1 3.5
10 6.41 3.0 3.5 607381.566
11 -6.16 22 3.5 755201.275
12 11.14 10.2 3.5

Image Sensor
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FIG. 3. Tangential(left graphs) and sagittal(right graphs) ray fans
of the optimized catadioptric omnidirectional optical system with
a spherical mirror including a center hole and a plane mirror
according to 1.0 field, 0.8 field, 0.68 field, 0.35 field, respectively.
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FIG. 4. Various aberration curves for the optimized catadioptric omnidirectional optical system: (a) longitudinal spherical aberration, (b)

astigmatic field curvature, (c) distortion. (blue line: 481 nm, green line :

588 nm, red line : 656 nm).
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FIG. 7. Assembling schematic diagram of optical elements and mechanical parts for the optimized catadioptric omnidirectional optical system
with a spherical mirror including a center hole and a plane mirror : (a) secondary mirror part, (b) primary mirror part, (c) imaging lens part,

(d) CMOS sensor part.

@ (b) (©
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(d © ® (2

FIG. 8. Fabricated optical elements and mechanical parts of the optimized catadioptric omnidirectional optical system and its assembling
sequence diagram. (a) and (b): secondary mirror part, (c): mechanical spacer part, (d) and (e): imaging lens part, (f): CMOS sensor part, (g):
primary mirror part, (h): finally assembled catadioptric omnidirectional optical system.
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®

FIG. 10. Measured images of car’s front and back license plates according to various object distances from the measuring system (Fig. 9) of

imaging performance evaluation of the catadioptric omnidirectional optical system. (a) and (b): object distance = 1 m, (c) and (d): object distance

=2 m, (¢) and (f): object distance = 3 m.
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FIG. 12. The measurement of field of view of the catadioptric
omnidirectional optical system by the image of ISO 12233 chart.
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