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High-contrast portable fundus camera

CHEN Long, LIN Zhe-kai, ZHENG Geng-yong, HE Zi-xi, ZENG Ya-guang,
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Physics and Optoelectronic Engineering, Foshan University, Foshan 528225, China)
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Abstract: To address the inherent limitations of conventional portable non-mydriatic fundus cameras, includ-
ing the mutual constraints between illumination and imaging optical paths, severe interference from corneal
stray light, and the difficulty of achieving simultaneous clear imaging of different retinal regions, this paper
proposes a novel design system of fundus optical system. The proposed system adopts a four-point rectangu-
lar illumination layout combined with regionally adjustable illumination intensity. At a pupil diameter of
3.2 mm, the corneal stray light is reduced by 91.56% compared with traditional approaches, enabling high-
contrast synchronous imaging of both the optic disc and macular regions. Furthermore, a separated illumina-
tion and imaging optical path architecture is employed. By integrating a wire-grid polarizer with a stacked li-

quid-crystal polarization scheme, stray light caused by optical surface reflections is effectively suppressed.
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Within a compact system envelope of 230.4 mm x 90 mm, the proposed fundus camera simultaneously

achieves a wide field of view of 53°, a refractive error compensation range of £20 D, and a retinal spatial res-

olution of 6 um. The proposed system enables the acquisition of high-contrast retinal images with clearly re-

solved details of both the optic disc and macula in a single-shot capture, demonstrating its suitability for port-

able non-mydriatic fundus imaging applications.

Key words: portable fundus camera; non-mydriatic imaging; optical system design; four-point light source;

polarization-based stray light suppression
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Fig. 1

Schematic diagram of the proposed portable fundus camera system
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Fig. 2 Four-point light source configuration and illumin-
ance analysis. (a) Geometric arrangement of the
four-point light sources on the pupil plane; (b)
schematic illustration of the illuminated region on
the fundus
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Tab.1 Design specifications of the fundus camera
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Fig. 3 Design of the retinal objective. (a) Optical layout of the retinal objective; (b) MTF curves of the retinal objective
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Fig. 5 Comparative analysis of illumination simulation results for different light source configurations. (a) Intensity distribu-

tion on the pupil plane under two-point symmetric illumination; (b) intensity distribution on the pupil plane under four-

point rectangular illumination; (c) irradiance distribution on the fundus plane under two-point symmetric illumination;

(d) irradiance distribution on the fundus plane under four-point rectangular illumination; (e) distribution of corneal

stray light received by the sensor under two-point symmetric illumination; (f) distribution of corneal stray light re-

ceived by the sensor under four-point rectangular illumination
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Fig. 6 Image quality evaluation results of the imaging sys-
tem. (a) MTF curves in the visible wavelength range
at 0 D; (b) magnitude of the optical transfer func-
tion (JOTF|) at 166.67 lp/mm in the tangential direc-
tion for different fields within a refractive error
range of +20 D; (c) magnitude of the optical trans-
fer function (JOTF]) at 166.67 Ip/mm in the sagittal
direction for different fields within a refractive er-

ror range of £20 D
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Fig. 8 Human eye imaging experiments. Retinal image acquired under (a) two-point symmetric illumination, (b) four-point

rectangular illumination, and (c) conventional uniform illumination, with (c1) the optic disc region, (c2) the foveal cen-

ter, and (c3) a local profile of vascular contrast along the yellow line indicated; (d) retinal image acquired with region-

ally adjusted illumination, with (d1) the optic disc region, (d2) the foveal center, and (d3) a local profile of vascular

contrast along the yellow line indicated
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Tab.2 Comparison of performance parameters bet-
ween the proposed system and two commer-

cially available domestic fundus cameras
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