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Design of an Achromatic Optical System Using a Symmetry Graphical Method
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In this study, we present a symmetry graphical method to design an achromatic optical system composed of many lenses on
an achromatic glass map. To take into account the lens spacing and the number of lenses, we use the relative ratio of paraxial
ray height at each lens and the concept of an equivalent single lens. Converting an arbitrary optical system into various doublet
systems, the most effective doublet is then selected to correct the color aberration, through material selection and the redistribution
of the optical power. By designing a fisheye lens using this approach, an achromatic optical system is effectively obtained over
the visible waveband.
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Fig. 1. Achromatic condition for a separated doublet.
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Fig. 3. Layout of an initial fisheye lens.

Table 1. Design specification of an initial fisheye lens

Parameters Values
Focal length 1.0 mm
F-number 22
FOV 92.5 degree
Wavelength 486.1 nm (F) ~ 656.3 nm (C)

Table 2. Optical properties of the lens elements in an initial
fisheye lens

Element Powe_elr raz/ars)e(il;lt Glass Re'fractive Abbe

(mm™) () index number

1 -0.0494 0.2273 | NLAF21 1.7880 47.4899
2 -0.0709 | 0.2780 | NLAKS8 | 1.7130 | 53.8316
3 -0.0816 | 0.4326 | NLAK9 | 1.6910 | 54.7084
4 0.1248 0.6801 NSF57 1.8467 23.7799
5 -0.1271 0.6606 NALK?7 1.6516 58.5178
6 -0.0670 1.3770 | NLAF34 1.7725 49.6202
7 0.0649 1.3737 NLAF7 1.7495 34.8200
8 0.0971 1.6954 NBK10 1.4978 66.9545
9 -0.1178 1.5453 NSF57 1.8467 23.7799
10 0.1079 1.6437 NBK7 1.5168 64.1673
11 0.0878 1.5470 NSK16 1.6204 60.3236
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Fig. 4. Back focal length with wavelength in an initial fisheye lens.
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Table 3. Abbe numbers of current materials and solutions to
correct color aberration in the initial fisheye lens

Element for Current Solutions by
specific lens L; Abbe numbers Eq. (4)
1 47.490 1.054
2 53.832 2.221
3 54.708 5.774
4 23.780 921.672
5 58.518 16.740
6 49.620 25.795
7 34.820 106.356
8 66.955 154.827
9 23.780 19.817
10 64.167 133.905
11 60.324 187.863
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Fig. 6. Back focal length with wavelength in an achromatic fisheye
lens (A).
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Fig. 7. Power redistribution for the equivalent single lens on an achromatic glass map.
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Fig. 8. Layout of an achromatic fisheye lens (B).

Table 4. Optical properties of the lens elements in an achromatic
fisheye lens (B)

Paraxial
Power araX}a Refractive | Abbe
Element ray height| Glass .
(mm™) index number
(mm)
1 -0.0494 0.2273 | NLAF21 1.7880 47.4899
2 -0.0637 0.2769 NLAKS 1.7130 53.8316
3 -0.0411 0.3952 NLAK9 1.6910 54.7084
4 0.1102 0.7268 NSF57 1.8467 23.7799
5 -0.1477 0.6895 NALK7 1.6516 58.5178
6 -0.0215 1.5696 | NLAF34 | 1.7725 49.6202
7 0.0105 1.4051 NLAF7 1.7495 34.8200
8 0.1000 1.8080 NBK10 1.4978 66.9545
9 -0.1338 1.6193 NSF57 1.8467 23.7799
10 0.1169 1.7120 NBK7 1.5168 64.1673
11 0.0913 1.6285 NSK16 1.6204 60.3236
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Fig. 9. Back focal length with wavelength in an achromatic fisheye
lens (B).
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