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Optical System Design of a Liquid Tunable Fundus Camera
Based on Gaussian Brackets Method
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Beijing Institute of Technology, Beijing 100081, China)

Abstract A novel fundus camera with liquid tunable lens (LTL) to compensate the ametropia of human eye is
designed and developed. The formula for the power of the LTL related to the diopter of eyes is deduced by Gaussian
brackets method. The paraxial optical system of the fundus camera with ophthalmophantom is calculated and modeled.
To enable the imaging beam to pass through the LTL without obscuration, the eye pupil and the LTL are conjugate
with each other with respect to the lens system between them, and the lens system should have a magnification
approximately to 1. To eliminate the stray light, the light source and the cornea are conjugate with each other in the
illumination system, ring-shaped light source combined with polarized light is used. Besides, an analyzer plate is
placed after the beam splitter to block the light reflected from the lenses and cornea. The fundus camera has a field of
view of 50°, working distance of 40 mm, and overall length of 220 mm. Experiment is carried out to demonstrate the
diopter compensation capability of the system, in which fundus images of ophthalmophantom at different diopters are
captured, and these images are compared with those of the system where no LTL is adopted. The results show that
by means of using LTL, the camera can adapt to eyes with diopter range from —10 D to +10 D (1 D=1 m '). This
compact system with LTL can remarkably simplify the optomechanical structure while maintaining a good diopter-
adjusting performance.
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Fig. 1 Working principle of liquid tunable fundus camera optical system
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Table 1 Design parameters of the liquid tunable

fundus camera optical system

Parameter Value
Overall length <220 mm
Field of view +25°
Entrance pupil diameter 3 mm
Wavelength 436~656 nm
Working distance 40 mm
Diopter range —10 D~+10 D
Modulation transfer function ~0.1

@ 100 lp/mm
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Fig. 2 Variation curve of optical power with the voltage

of Arctic316 liquid tunable lens
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Fig. 3 Paraxial layout of liquid tunable lens fundus camera optical system
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Table 2 Variation of optical power of liquid tunable

lens versus diopter

Diopter Lens Theoretical Experimental
module value value
—10 D —9.33 —8.25 —11.35
—8D —7.62 —6.56 —7.60
—7D —6.74 —5.72 —5.89
—5D —4.90 —4.05 —4.48
—4 D —3.95 —3.21 —2.13
—2D —1.98 —1.55 0.52
0D 0.1 0.1 0.99
2D 2.29 1.74 2.55
4D 4.59 3.38 2. 87
5D 5. 80 4. 20 4,74
7D 8. 30 5.82 7.08
8D 9.61 6.63 8.18
10 D 12. 34 8.24 10. 21
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Fig. 5 Design result of optimized tunable fundus system with liquid tunable lens
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