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Abstract In order to collect images effectively with a corneal topography based on the Placido disk, a system with a
symmetrical achromatic lens and a collimating illumination lens is designed according to characteristics of human
corneal and CCD plane array parameters. The initial structure of the imaging lens is calculated based on the theory
of primary aberration and the PW method. The collimating illumination lens parameters is designed by paraxial ray
trace equations. The imaging system is optimized with the Zemax software. The imaging lens structure is composed
of four lenses in two groups, its effective focal length is 20 mm, back working distance is 19.2 mm, full field of
view is 8°, relative aperture is 1/3, and maximum optical total track is 20 mm. The modulation transfer function in
all fields is larger than 0.3 at resolution of 66 Ip-mm ' and the full field-of-view distortion is less than 0.5% . The
system is characterized by its simplicity, compactness, easy processing, low cost and high imaging quality, which
meets the requirements of the whole system very well.
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Fig. 1 Structure schematic of corneal topography
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Table 1 Optical system design parameters

Parameter Value
Working distance /mm 75
Focall ength /mm 20
Image height /mm 3
Resolution /(Ipemm ") 67
Aperture /mm 6.5
Object height A /mm 6
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Table 2 Initial structure parameters

Initial solution  Glass combination Q: r rs rs S, S, S
1 K9-ZF2 0.05 63.54 19.76 —27.62 0.020 —0.131 0.030
2 K9-F2 —0.07 —339.77 —11.83 —24.50 —0.033 —0.094 —0.095
3 K10-F2 —0.08 45.12 —11.51 —22.57 —0.016 0.033  —0.026
4 K7-F2 —0.15 45.24 —13.02 —37.96 0.011 —0.019 —0.001
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Fig. 4 Field curvature and distortion
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Table 3 RMS of spot size in different relative fields

Relative field RMS /pm CCD pixel size /pm
0 3.658
0.3 3.238
7.74
0.7 2.651
1.0 4.877
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Table 4 Specific parameters of collimating illumination system

Radius /mm Material Thickness /mm
Infinity 2.0
11.56 K9 4.0
Infinity 2.0
—7.56 K9 10.0
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