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Abstract In order to reasonably select corneal contact lenses of different materials, based on the principle of
geometric optical imaging, a corneal imaging model based on contact lenses is established , and the influences of
contact lenses with different refractive indexes on corneal imaging quality are analyzed. By using the idea of reverse
optical imaging. a paraxial optical system for detecting imaging quality is designed. the corneal contact lenses of
different materials and thicknesses are added respectively, and the influences of corneal contact lenses of different
materials on the imaging quality are quantitatively analyzed. The effective focal length of the optical system is
18.36 mm, the total length is 36.49 mm, the image height is 2.48 mm, the modulation transfer function value is
close to limit diffraction, and the distortion of the full field-of-view is less than 0.1%. ZEMAX simulation results
show that the material of the contact lens is PMMA and the thickness is 0.05 mm, which can meet the imaging and
wearing requirements of contact devices in augmented reality techniques.
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Fig. 1 Eye optical structure
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Fig. 2 Imaging calculation model of corneal wearing corneal contact lens. (a ) Schematic diagram of object image position ;

(b) ray tracing process
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Fig. 3 Virtual images of corneal contact lenses with different refractive indexes. (a ) Overall image distribution ; (b) local enlarged

M

F

view of corneal contact lens, cornea, and virtual image ; (¢ ) magnified view of virtual images with different refractive indexes
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Table 1 Parameters of ideal optical imaging
Parameter Value
Total length /mm 105
Focal length /mm 20
Diameter of entrance pupil /mm 8
Cut-off frequency /(lp *» mm ') 67
Image height /mm 3
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0 ox, Table 2 Parameters of initial structure of optical system
A= s (15) Structure Radius /mm Thickness /mm Class
Sf . Sf. Primary mirror 18.885 2.042 LAKNI12
Secondary mirror  10.394 2.563 LAKNI12
0x, ox,
Tertiary mirror 12.574 0.728 BASF5
tFousees F, s Eors s Fo Quartus mirror 6.302 1.421 SSK4A
3 Eventual mirror —10.299 0.525 KZFS1
AANx=AF ’ ZEMAX
2 4 o ’
N ( 1.2.3 4.5.6
’ ), o 1 6
y 486,587,656 nm, , ;
, ZEMAX ,
b Y A ° )
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Fig. 4 2D diagram of optical system
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Table 3 Optical properties of common optical materials
Material Nd Vd Luminousness /% Birefringence
PMMA 1.4917 57.2 92 <20
PC 1.5854 29.9 88 <65
APL5014CL 1.5445 56.0 90 <20
ARTON-D4531F 1.5146 56.9 92 <40
ZEONEX480 1.5247 55.8 92 <25
, (Nd) . , APL5014CL,PMMA \
(Vd) (Luminousness) . . ,
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s s
o s
) ) . (
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Fig. 7 Two-dimensional diagram of optical system with contact lens
4
Table 4 Parameters of corneal contact lens
Structure Radius /mm Thickness /mm Glass

Ay

Anterior cornea —6.52 0.55
Posterior contact lens —7.76 0.04,0.05,0.06 PMMA/APL5014CL
Anterior contact lens —8.13 9.16 PMMA/APL5014CL
3, 9(d)~ (D 0.04,0.05,0.06 mm,
APL5014CLL. PMMA APL5014CL o 1.2,3
) 0.486,0.587,0.656 pm
o 8 (a) ~ (c) 0.04, 0. 05, 8~9 :PMMA
0.06 mm, PMMA MTF o MTF N APL5014CL,
()~ (D 0.04,0.05,0.06 mm, PMMA | 0.05 mm ,
APL5014CL  MTF . , N
9 (a) ~ (c) 0. 04, 0. 05, . . APL5014CL
0.06 mm, PMMA . CLD .

1207005-6



8 MTF . (a) 0.04 mm(PMMA) ;(b) 0.05 mm(PMMA);(c) 0.06 mm(PMMA) ;
(d) 0.04 mm(APL5014CL);(e) 0.05 mm(APL5014CL) ; (f) 0.06 mm(APL5014CL)
Fig. 8 Comparison of MTF curves. (a) 0.04 mm (PMMA); (b) 0.05 mm (PMMA); (¢) 0.06 mm (PMMA) ;
(d) 0.04 mm (APL5014CL); (e) 0.05 mm (APL5014CL); (f) 0.06 mm (APL5014CL)

9 . (a) 0.04 mm (PMMA);(b) 0.05 mm (PMMA);(c) 0.06 mm (PMMA);
(d) 0.04 mm (APL5014CL);(e) 0.05 mm (APL5014CL) ;(f) 0.06 mm (APL5014CL)
Fig. 9 Comparison of distortion and field curvature. (a) 0.04 mm (PMMA); (b) 0.05 mm (PMMA) ;
(¢) 0.06 mm (PMMA); (d) 0.04 mm (APL5014CL); (e) 0.05 mm (APL5014CL); () 0.06 mm (APL5014CL)

o ) MATLAB

1207005-7



[1]

[2]

[3]

[4]

[5]

(6]

7]

( N )
. ZEMAX ,
APL5014CL
, .3D
,PMMA .
CLD

Chen J, Mi L T, Chen C P, et al. Design of foveated
contact lens display for augmented reality[ J ]. Optics
Express, 2019, 27(26): 38204-38219.

Chen C P, Zhou L, Ge ] H, et al. Design of retinal
projection displays enabling vision correction [J .
Optics Express, 2017, 25(23). 28223-28235.

Tan G J, Lee Y H, Zhan T, et al. Foveated imaging
for near-eye displays[]J ]. Optics Express, 2018, 26
(19): 25076-25085.
Sui C H, Wo S J,

implementation of

Gao N, et al.

imaging

Design and
system for corneal
topography based on placido disk[J ]. Acta Optica
Sinica, 2016, 36(12); 1222001.

Placido

7. , 2016 ,

’ [l ’

36(12): 1222001.

Wang D Q, Yuan Q, Yin C J, et al. Intraocular lens

model and its three-dimensional printing technology

based on human eye data in China [J ]. Laser &.

Optoelectronics Progress, 2020, 57(21); 213301.
[l

, 2020, 57(21). 213301.

LiR, Wang Z Q, Liu Y J, et al. Design of corneal

lens by wavefront technology [ ] |. Chinese Journal of

Lasers, 2011, 38(sl): 116001.

. , 2011, 38(s1): 116001.

Li Q. Xiang Y, Gu J D, et al. Optical design of “cell

factory” microscopic monitoring device[] ]. Chinese

Journal of Lasers, 2014, 41(10). 1016002.

« ”»
’ s ’

[Jl , 2014, 41(10): 1016002.

[8]

[9]

(10]

(1]

(12]

[13]

[14]

1207005-8

GuJ] D, Liu Y J, Bian Y Y, et al. A dualarea
aspheric diffractive intraocular lens for large corneal
asphericity variation[] ]. Acta Optica Sinica, 2020 ,
40(10): 1022001.
[J]
, 2020, 40(10): 1022001.
Zhou L. P, Gan ] H, Xu L.

measurement

Corneal contour

based on non-diffracting grating

structure light projection [J ]. Chinese Journal of

Lasers, 2013, 40(3): 0308001.
. , 2013, 40 (3 ):

0308001.

Ji'Y, Gao Q, Yu Y S,

microdisplay controller based on multi-scale pyramid

[J]. Acta Optica Sinica, 2019, 39(12); 1223001.

et al. OLED-on-silicon

’ [l l

OLED Il
1223001.
Ding Y T, Gao Z Y, Peng X,

suppression and relay optical path design for laser

, 2019, 39(12):

et al. Banding
scanning head-mounted augmented reality system[] ].
Laser & Optoelectronics Progress, 2020, 57 (13 ).
130801.
Ll
, 2020, 57(13): 130801.

Dou Y, Kang ] H, Wang L P. Novel non-classical
receptive field model combined with human eye
fretting[ ] ]. Acta Optica Sinica. 2019, 39 (3):
0310002.
[JJ ., 2019, 39(3): 0310002.
Zheng S L, Liu Y J, Wang Z Q, et al. Design of
optical system for a novel imaging keratometer[] ].
Acta Optica Sinica, 2013, 33(5): 0522004.

[Jl , 2013, 33(5):
0522004 .
Bian Y Y, Liu Y J, Liu B K, et al. Contact lens for
controlling myopia progression and correcting myopia
and astigmatism [ ] ]. Acta Optica Sinica, 2020, 40
(4): 0422001.

7. , 2020, 40(4);

0422001.



