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Optical System Design of Portable Stereoscopic
Imaging Fundus Camera
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Abstract An optical system for the non-mydriatic stereoscopic imaging fundus camera with a field of view of 30° is
designed, which is composed of an imaging system and an illumination system. In the imaging system, a new
optical structure for the stereoscopic imaging of fundus is designed, in which a prefixing objective lens is introduced
to improve the imaging resolution. In the illumination system, an annular aperture is introduced to avoid the
generation of the corneal reflected light and the black spot plates are adopted to eliminate the stray light produced by
the ophthalmic lens. The research results show that, this system can be used to achieve not only the multi-angle
synchronous acquisition of the retina images, but also the highly clear imaging of the fundus with 6 X10° pixel. As
for this system, the object resolution of the normal human eyes is higher than 200 lp- mm™'. This system has an
overall length of 290 mm, a field curve value of smaller than 28 pm, and a distortion value of only —4.9%. This
system has a strong focusing ability and the human fundus with a diopter range of —7-+5 m ' can be imaged
clearly.
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E: eye model

1: ophthalmic lens

2: common focal plane
3: beam-splitter

4: front-objective lens
5: imaging objective lens
6: CCD

7: condenser lens

8: black spot plates

9: annular aperture

10: field lens

11: uniform light lens
12: light source

- imaging system

===* illumination system
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Fig. 1 Optical structure of fundus camera
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Fig. 2 Two forms of stereomicroscope’ . (a) Parallel optical
path system; (b) Tilted optical path system
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Fig. 3 Imaging system

33 HEBERSEHNREGHRSW

HR VS A AL 2 R 42 WL I 8 PRI 1Y B 2 15 4% HO K
155y P R . B RO G BE IE W AR A9 4
S PERIRF] 200 Ip/mm, BUR R GEHCRAT A 1.29,
WAR 77 7 PR BOR 7 T 155 Ip/mm. 8% 2 58 i
38 PREL(MTE) i R W& 4 Ca) R, 0] DL H L AR
1B RZGE WS M TE 160 Ip/mm 4bAY MTF H KT
0.2, 3 8 T 6 X10° pixel i) CCD Xt AR 439 F 1Y 2
SR (CCD 23 ¥R AT 90 Ip/mm) . 37 il 15 2% il
AE 4(b) FroR . 7T LLFE Y, AR 2R G 1 W AR 7E 4>
M B NN T —4.9% i de KA R 28 pm,
A8 (R IE B Z B MR IS B IE A R . R R
G2 mE 4o fin, TR H, 206
ZMEMAET BN, HEE/NT 2.1 pm, #0622
B IEAF A EOR . 2R B TR, BT Y R AE B Y B
BB
34 BEBEEGZMEXESHT

AN [R) AR 0 Ji 't B8 A B R 1 2 S, B 45 DG
AN TE 1 S5 5 FA BT AT 1) A0 0 BB LA IR R G
H A Resm PR R AR 7 . AR A B AR RS AH BIL Y 9
£ 07 ROF % B B4 AR (8 51 R F & K 2l % Bk {0
REFCH XM ERER B E T . BREXCS

1122004-3



ot %

{5

i

ESE AR JE G 1 A8 A 22 T BUR Bk 24> 2 JU0H Kk
AHARL R A A S T LS B BOE F R GE Y I R BE

TR NES TR RSP /N NS SRR /N S 2
JE D, TS W AR Ry VR, B R JE O

i

S/ . e
41,8 A Navarro 55" ) Schematic RRFEAL, A HR JEA AR e R EIR A ILE 1,
TS _2.00, -10.00 FIELD CURVATURE DISTORTION
@ T8 290,99 06T e 8 8o, iSled o (b) sW ¥
. \ /77/7777 I
R S | «{-
L S ~— 4 N RN
. N . ] N
E \\~~ IS W
T es — .| \ TR\
Lo = \ I\
(-] - \\;\\\;17 ] IR
g \ S— L/
g — 1
R A B - : .
SPATIAL FREQUENCY IN CYCLES PER MM MILLIMETERS PERCENT
(C) Rr;:i;IMUM FIELD 15.0000 DE(IEEY

B4 B RG RO RN .

um

(a)MTF [ £E 5 (b) 37 ih AT AR jh 8 5 (o) B 22 i £

Fig. 4 Optical characteristic curves of imaging system. (a) MTF curves; (b) field curvature and distortion curves;

(¢) chromatic aberration curves
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Table 1 Expression of relationship between each lens parameter and human eye diopter

Lens parameter

Relationship between lens parameter and diopter A

Anterior lens radius R
Posterior lens radius R,
Aqueous thickness D,
Lens thickness D,

Lens refractive index n3

R;(A)=10.2—1.75
R,(A)=—640.2294 « In(A+1)
D, (A)=3.05—0.05 ¢ In(A+1)
D;(A)=4+0.1+ In(A+1D
n; (A)=1.42+9X107° « (10« A+A*)

In(A+1)
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Fig. 5 MTF curves under different diopters
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Fig. 6 Illumination system
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Fig. 7 Simulation results of illumination uniformity in fundus.

(a) Annular spot near cornea; (b) on retina
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Table 2 Comparison among our designed optical system and other designs

Optical system Focusing range /m ™' Resolution Field curvature /mm Distortion /%
Reported in reference [ 8] —10-+7 >0.2 at 70 lIp » mm ™" 0.86 —7.2
Reported in reference [12] —10-+5 >0.25at 75 lp » mm ! 0.2 —5
Reported in reference [ 2] —15-+15 >>0.4 at 70 Ip » mm ! 0.2 0.6

Proposed —7-+5 >0.55 at 70 Ip * mm "' 0.028 —4.9
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