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Apochromatic Design of Machine Vision Optical System
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Abstract The optical system is divided into four segments in this study, according to the apochromatic and high-
resolution requirements of the machine vision lens, and the initial structure of each segment is optimised
independently before being merged to obtain the initial structure of the lens segment. The Buchdahl dispersion
vector analysis method is employed to perform targeted replacement of some glass materials, and multiple
optimisations are applied to provide an apochromatic machine vision optical system that fulfils the criteria of optical
performance. The focal length of the system is 60 mm, the half field of view is 11° and the F-number is 5.45. The
image field can match a 1" large target CMOS camera, and each field of view has a modulation transfer function
value of 200 Ip/mm. At an aperture of 0.707, the system’s residual chromatic aberration is 0.01665 pm, which is
within the system’ s chromatic aberration tolerance. The secondary spectrum of the system is 0. 08385 pm,
indicating that the optical system is apochromatic. The Buchdahl dispersion vector is shown to be effective in the
experiments. In the process of grouping design and overall optimisation of the lens system, the analysis method can
provide greater convenience for the selection of optical glass and the overall optimisation of the system.
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Table 1 Optical parameters of the optical system
Parameter Value
Focal length f /mm 60
Field of view 2w /() 15.2
Size of image /mm 16
Resolution /(lpsmm ') 200

Size of pixel /(pmX pm) 3.1X3.1
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Fig. 1 Initial structure of the ideal optical system
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Fig. 2 Optical structure of four segments. (a) First segment; (b) second segment; (c) third segment; (d) fourth segment
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Fig. 3 Chromatic aberration curves of four segments. (a) First segment; (b) second segment; (c) third segment;
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Fig. 4 Initial structure of the optical system
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Fig. 5 Optical system performance after the second optimization. (a) MTF; (b) chromatic aberration curve
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Table 2 Tracing parameters of the light and the dispersion coefficient of the glass in the second optimization

Group 1 2 3 4 5 6 7 8 9 10
Material H-FK71 H-BaKl1 H-ZF1 H-FK1 H-ZF1 H-K3 H-F2 H-FK71 H-7ZF1 H-FK71
é; 0.0106 —0.0175 0.0161 0.0318 —0.0416 —0.0260 0.0463 0.0339 —0.0370 —0.0231
Y, 6. 9050 6.5310 6. 2490 5.3420 4. 8840 6. 0660 6.3660 6.5280 6.4690 6. 8480
a; 0.6335 —0.9379 0. 7888 1.1403 —1.2495 —1.2048 2.3593 1.8180 —1.9471 —1.3610
vk —0.0613 —0.0913 —0.1608 —0.0613 —0.1608 —0.0854 —0.1473 —0.0613 —0.1608 —0.0613
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Table 3 Tracing parameters of the light and the dispersion coefficient of the glass in the third optimization

Group 1 2 3 4 5 6 7 8 9 10
Material H-FK71 H-BaK3 H-ZF1 H-FK1 H-ZF1 H-K3 H-F2 H-FK71 H-ZF1 H-FK71
é; 0.0118 —0.0151 0.0120 0.0317 —0.0416 —0.0272 0. 0485 0.0347 —0.0359 —0.0249
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Fig. 9 Optical system performance after the third optimization. (a) MTF; (b) chromatic aberration curve
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