5 49 45 8 1] b R Vol.49 No.8
2020 4E 8 H ACTA PHOTONICA SINICA August 2020

5] H#% 5 : WU Yan—xiong, GUO Zhi-yuan, YU Miao, e a/. Optical System Design of Miniaturized Fundus Camera Based on
Non-coaxial Array lllumination[J]. Acta Photonica Sinica, 2020, 49(8) :0822002
RRE A, 50580 5T, A, 4 . 1 AR Al 1 3 IR O] 4 /N UL R R A LG 2% R R i1 [ 7] 06 F 444, 2020,49(8) : 0822002

LT A el [ 2] B B 1 /N R A HR TR AHAIL DG 7~
ARGt

1B B M, S %8 7T, &5, 2 5F
(I L Bb 22 B AR 2B, T AR 1l 528000)

B B.oASTHEEHEI YT RE ARG FAER KA B R RS Tk
T — Ao B R JRARALR F R G, A AR IR R AR AL T AR A LS W B A AR RS 4 ok <AL R B 1%
8T X T 6HF R LR B R A%, K AEA17.9 mm, 5 IR JRALF B A R B KA R
T 12 mm; R R Z %R = kR AR, R SRR A R T 0.2@91 Ip/mm, % % T 5%, KIE
A T5mm. 5 AL ZHLEREAN, ZRKAMIE T ZL R IR T R P ey 3ok, AA TRZ S
Yo AL B B AR B R LE R T A B4 D B L BAR Ze R IR R A AL R R B A T A

KR R SR R RABAL; e R AR AE 24y A AL

FESE S TBSIL SCRRARIZAD : A doi:10.3788/gzxb20204908.0822002

Optical System Design of Miniaturized Fundus Camera Based on
Non-coaxial Array Illumination

WU Yan-xiong, GUO Zhi-yuan, YU Miao, WANG Li-ping
(Foshan University, Foshan, Guangdong 528000, China)

Abstract: The mathematical model of fundus imaging under the non—coaxial array illumination is
established. A micro optical system of fundus camera is proposed by using the independent design method
of illumination light path and imaging light path, which avoids the interference of human cornea and
omental objective reflected light on the retina image in the traditional fundus camera. The design of 6-array
ring light source illumination system is completed, which is only 17.9 mm in length and the effective
illumination line field of fundus retina is not less than 12 mm. The secondary imaging design is adopted in
the imaging optical system. The modulation transfer function is better than 0.2 @ 91 Ip/mm and the
distortion is less than 5% with 75 mm length. The simulation and design results show that the optical
system of the proposed fundus camera can effectively suppress the stray light in the optical path which is
conducive to obtaining high contrast retinal image. The results can provide a design reference for the
development of high image quality, miniaturization and low stray light fundus camera.
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Fig.1 Diagram of light path structure of traditional fundus camera
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Fig. 2 Diagram of light path structure of fundus camera based on non-coaxial ring array illumination
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Table 1 Design parameters of lighting system

Parameter Value
Wave band/nm 935~945
Divergence angle of light source /(°) 30
Pupil spot diameter range /mm 4~6
Working distance /mm 10
Fundus illumination height /mm 12
Tocal length of system/mm <20
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Fig. 7 Result diagram of lighting sub array system design
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Fig. 8 Result diagram of circular array lighting system design
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Table 2 Multiple structural parameters of lighting subarray system

Operand Configl Config2 Config3 Configd Configb Config6
CATX —15 —15 —15 —15 —15 —15
CADY —7.5 —7.5 —7.5 —7.5 —7.5 —7.5
CATZ 0 60 120 180 240 300
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Fig. 9 Analysis diagram of lighting uniformity simulation
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Table 3 Simulation data of fundus illumination uniformity
Num samp Total power/W  Max value/(Wemm *)  Min value/(Wemm *) Average/(Wemm *)
Receiver 1003 216 10.247 0.086 073 0.000 0 0.050 859
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Fig.10 Diagram of simulation of fundus illumination effect

(o Ja)) |

11 #7 AR R AL 2 Bt

Fig. 11 Simulation of stray light in new fundus camera
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Fig.12 Simulation of stray light in traditional fundus camera
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Table 4 Design parameters of imaging system

Parameter Value
Wave band /nm 935~945
Line field of view /mm +5.24
Object resolution /pm 6
Pupil diameter/mm 2
Total length of system/mm <130
Distortion /% <5
MTF value >0.2@91 Ip/mm
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Table 5 Lens data of imaging system

No. Surface type Radius/mm Thickness/mm Material Refractive index ~ Abbe number

OBJ Standard 12.50 0.00
1 Standard 12.50 17.25 1.34 55.00
2 Even Asphere 5.67 4.00 1.42 55.00
3 Standard —10.48 0.00

STO Standard —10.10 3.00 1.34 55.00
5 Standard —3.63 0.60 1.38 55.00
6 Standard —6.89 29.99
7 Standard 64.70 5.22 H-K9L 1.52 64.21
8 Standard —32.01 1.00
9 Standard 20.73 5.41 H-K9L 1.52 64.21
10 Standard 214.43 31.60
11 Standard 27.25 1.92 H-LAK3 1.75 51.00
12 Standard —15.69 4.15
13 Standard —3.85 1.70 H-F2 1.61 37.00
14 Standard 19.69 1.00
15 Standard —17.19 2.11 H-LAK3 1.75 51.00
16 Standard —5.73 1.00
17 Standard 42.39 2.06 H-LAK3 1.75 51.00
18 Standard —12.96 18.00
19 Standard Infinity —0.07

IMA Standard Infinity 0.00

BASLER M ALEE K . & 15 R BAR & 48 2 91 A3 it w22 1, SE BLBE > 42 O 8.602 pm, 5 K 3 7 AR (Root
Mean Square, RMS) 424 4.135 pm , QB35 AT S i IR . 2037 7 it /N T 0.2 mm , B 28 /N T 506, R IE fe 2%

n
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[ 1 100 mm
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Fig. 13 Two dimensional structure diagram of imaging system
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Fig.15 Spot diagram and distortion map of imaging system

O T L AN (L BT 9 Bl /I 2R e R 2 RJRS ARG 2 38 G0 O MRS ARTBIL A D i 2 Jre 4 (i Bl Sy fn 2%

S % 3k
(1]

CHEN Yan-wu.Research on new fundus imaging mechanism[ D ].Changchun: Changchun University of technology, 2013:8.

Mo i B IR IS R ML S [ D] K& KFE BT K2, 2013:8.

[2]
[3]

DEHOOG E A. Novel fundus camera design[ D ]. Arizona : The University of Arizona, 2008 :10.
MCGRORY S, CAMERON J R, PELLEGRINI E, ez al. The application of retinal fundus camera imaging in dementia: a

systematic review[ J]. Alzheimer's & Dementia: Diagnosis, Assessment & Disease Monitoring, 2017, 6(1): 91-107.

0822002-10



e, 25 - 56 T AR LA B 51 R B ) /N LA R IS AR P 2 R e e it

[4]

[6]

[7]

[8]

[14]
[15]

OGAGARUE E R, LUTSEY P L, KLEIN R, ez al. Association of ideal cardiovascular health metrics and retinal
microvascular findings: the Atherosclerosis Risk in Communities Study [J]. Jowrnal of the American Heart Association,
2013, 2(6) :e000430.
International Diabetes Federation. IDF Diabetes Atlas[ M ].9th ed. Brussels, Belgium: International Diabetes Federation,
2019.
JIANG Jian—yu, YANG Bo, WAN Xin—jun, ez a/. Optical system of portable pupil free eyeground camera with beacon[J].
Optical Technology, 2019,45 (2): 240-244.
VLSV A e, TR 55 A48 X G i A 5 R MR AR LG 2 R GE [T ] # 4R, 2019,45(2) : 240-244.
WANG Xiao-heng, XUE Qing-sheng. Optical design of large field hand-held non mydriatic fundus cameralJ]. Journal of
Optics, 2017,37 (9): 246-253.
a3 DA AL T4 3G i IR FRARBIL e 24 B [T ] ot 424l , 2017,37(9) : 246-253.
LI Can. Design and development of a new fundus camera [D]. Changchun: Changchun Institute of Optics, Precision
Machinery and Physics, Chinese Academy of Sciences, 2014.
AR RLIR AR LAY B SRR (D ] ARAR b R A B K AR 0 AR % LS ) BB 52 I, 2014,
LI Chun, SUN Qing, LIU Ying, et al. Design of uniform illumination and anti stray light interference of fundus cameralJ].
China Optics and Applied Optics, 2010,3(4): 363-368.
ZEVE N, R A L HRARBL A 2 2 BB R 2o B[] b [ 5 0 A 624, 2010,3(4) : 363-368.
PALMER D W, COPPIN T, RANA K, ez al. Glare—free retinal imaging using a portable light field fundus camera[J].
Biomedical Optics Express, 2018, 9(7): 3178-3192.
HUANG Yang. Design of near infrared fundus camera[ D ]. Nanjing: Nanjing University of technology, 2011:8.
HPH LTSN R ALY B[ D ). R 5 a0 TR %, 20118,
DEHOOG E , SCHWIEGERLING J. Optimal parameters for retinal illumination and imaging in fundus cameras [J].
Applied Optics, 2009, 47(36):6769-677
LI Can, SONG Shu-mei, LI Chun, ez a/. Optical system design of hand held fundus camera[J]. Acta Optica Sinica,
2012,32 (9): 240-246.
N R WU, A TR ML 22 RGBT [T] 22440, 2012,32(9) : 240-246.
SR LAEE . B ADE2A [M L3 IR bt B Toll i ik, 2008 :401.
YANG Jia-qiang, CHENG De-wen, WANG Qing-feng, ez al. The design of optical system for a new large field of view
defocusing fundus cameral J1. Acta Optica Sinica, 2012,32 (11): 212-218.
P FEEESC, EIRE S BRI I A0 IR A HL G 2 R Gt [T]. 6%, 2012,32(11) : 212218,

Foundation item: National Natural Science Foundation of China (No.61771139), High Construction Scientific Projects of Foshan University
(No.CGGO07141)

0822002-11



