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Design and Performance of a Catadioptric Omnidirectional Zoom Optical System

Using a Hybrid Lens for Visible Light
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A catadioptric omnidirectional zoom optical system using a hybrid lens (COZOSH) that performs simultaneously two functions
of a lens and a mirror was designed at the visible wavelength range for daytime unmanned surveillance, and its performance
was analyzed. The hybrid lens has lots of advantages in terms of fabrication and assembly of a COZOSH, because of the obviation
of a lens boring process and reduction of the number of optical components. Additionally, we designed the COZOSH to expand
the compressed inner-image region of a donut image at low spatial frequencies. As a result, the optimized design performance
of the optical system that satisfies all initial design specifications was obtained from calculation of the modulation transfer
function, spot diagram, and tolerance analysis. We confirmed that the COZOSH is a passively athermalized optical system under

conditions of temperature variation from -30°C to 50°C, by using athermalization analysis during zooming.
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Table 1. Design specifications of the catadioptric omnidirectional zoom optical system using a hybrid lens

Items Specifications
Optical type Catadioptric imaging system
Wavelength Visible light (380~700 nm)
Wide mode Upper HFOV: 40 deg ~ Lower HFOV: 110 deg
Range of HFOV Middle mode Upper HFOV: 40 deg ~ Lower HFOV: 80 deg
Tele mode Upper HFOV: 40 deg ~ Lower HFOV: 60 deg
Total length Less than 150 mm
MTF MTF 30% @ 114 lp/mm on middle field
Zoom magnification Less than 1.4
F-number Less than 2.9

Number of pixels for zoom image

More than 1.4 Mpixel
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Fig. 1. (a,b) Patented zoom lens (JP 53-141851) without (a) and
with (b) the movement of a variator. (c) Initial optical design of
the catadioptric omnidirectional optical system combing the
collecting part of the optical system and the imaging part of the
patented zoom lens.
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Fig. 2. Optical Layout of the optimized catadioptric omnidirectional
zoom optical system using a hybrid lens. (a) Wide mode. (b)
Middle mode. (c) Tele mode.
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Table 2. RDN data for the catadioptric omnidirectional zoom optical system using a hybrid lens

Surface # Surface type Radius (mm) | Thickness (mm) Material Half-aperture size (mm) Mode

Object - Infinity Infinity
1 Sphere 100.00 -50.00 70.5 Reflect
2 Sphere infinity 50.00 40.94 Reflect
3 Sphere 100.00 20.00 NBK7 SCHOTT 70.50 Refraction
4 Sphere 70.00 3.00 70.50 Refraction
5 Sphere 28.73 4.50 NSF4 SCHOTT 15.15 Refraction
6 Sphere 21.96 4.10 13.45 Refraction
7 Sphere 26.49 6.00 NSK16 SCHOTT 13.20 Refraction
8 Sphere 157.22 4.07~14.3 12.69 Refraction
9 Sphere -19.71 3.00 NSF4 SCHOTT 7.15 Refraction
10 Sphere -18.69 3.03 6.74 Refraction
11 Sphere -9.90 3.00 NSK16 SCHOTT 435 Refraction
12 Sphere 17.29 3.98 3.80 Refraction
13 Sphere -12.48 6.30 NLAF2 SCHOTT 3.62 Refraction
14 Sphere -11.07 13.24 4.19 Refraction
Stop - Infinity 3.24~3 2.20 Refraction
16 Sphere 12.71 5.50 NSK16 SCHOTT 2.96 Refraction
17 Sphere -6.83 3.00 NSF4 SCHOTT 3.11 Refraction
18 Sphere -24.20 3.01 3.36 Refraction
19 Sphere 8.26 7.80 NFKS SCHOTT 3.44 Refraction
20 Sphere 13.14 3.24 247 Refraction

Image Sphere Infinity 0.00 2.14
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Fig. 5. Spot diagram of the optimized catadioptric omnidirectional
zoom optical system using a hybrid lens according to the incident
field. (a) Wide mode. (b) Middle mode. (c) Tele mode.
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Fig. 6. MTF chart of the catadioptric omnidirectional zoom optical
system using a hybrid lens according to the incident field. (a)
Wide mode. (b) Middle mode. (c) Tele mode.

Table 3. MTF of the catadioptric omnidirectional zoom optical
system using a hybrid lens at the Nyquist frequency of 114
Ip/mm according to the zoom mode

Modulation transfer function

MTF at Nyquist frequency of 114 lp/mm
Wide 0.655
Middle 0.69
Tele 0.699
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Table 4. Items and limits of tolerances of the -catadioptric
omnidirectional zoom optical system using a hybrid lens

Tolerance analysis

Lens decenter 0.005 mm
Tilt 3 minute
Radius 0.1%
Thickness 0.02 mm
Test plate fit 0.5 ring
Fractional V-number 0.8%
Refractive index 0.0005
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Fig. 7. Cumulative probabilities for MTF of 0.3 at the Nyquist
frequency of 114 lp/mm according to the zoom mode.
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