5% 38 &
2011 4 12 A

H Moot
CHINESE JOURNAL OF LASERS

JGSF T

% vl A 22 i A9 B v

il
? #1,2

R

=

TEST AL ARS’

VBT R SEIAROEE WY B, R 300071
e E R ARBE R T E S LR E, K 300071

SRETFIEEANT, K 300384

P T — R WL G B4 T A A i BT AN BT ik . R T A TR P BRI 0 L AT B A R A B Y
i 2% Th TR 28 45 5 SR T AR 6 i 1 22 A » 38 P BRI A0 T v A 5 0 AT S 0l 2 O A 3 2R 9 5 R T VBB B R /R T A

H

DA BTy HREH fid 5 1) 7 2 TR T 25 45 4 5 AR 90 R 6 foh 5 T 5 2% TR 9 205 A o T 5 A R IR b B 1 SR AR IE DGR
8 HELA TR R R B A R B0 U L IR 5T T I I A A A B %o o R A O A B 04 A T R L b S R
T Ay BR T 18 2 U5 T A L i R 1 o B R A AR ot R B S TH VR BR  AR I M T X R R 2 T Sy A i v T
BB TF i A il 45 B 5 S BB AR BE VT IC L 30 0IE T 25 SR 1 A L

KR DR 2 A Al B 5 O AR R S Ak

FESES 0439 XEKARIRES A

doi: 10.3788/CJL201138. 5116001
Li Rui'*?

Design of Corneal Contact Lens by Wavefront Technology
Wang Zhaoqi'**

Liu Yongji'*
" Institute of Modern Optics, Nankai University, Tianjin 300071, China

Kong Xiangming’
? Key Laboratory of Optical Information Science and Technology, Ministry of Education , Tianjin 300071, China
¥ Tianoptics Incorporation , Tianjin 300384, China

Abstract The design method of wavefront corneal contact lens by the objective optometry is presented. The back

surface profile of the contact lens is acquired from the topographic data of the anterior corneal surface, via a fitting

procedure of least square; and the front surface profile is acquired from the ocular aberrated wavefront data, via a
wavefront aberrations have been designed. By analyzing the vergence of the designed contact lens, it is found that
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propagation procedure through tear film and lens medium with the diffraction theory of angular spectrum. Applying
the vergence of the contact lens is equal to that of the eye plus to that of the tear lens while the profile of the back
toroidal, then the design procedure of the contact lens is validated.

the profile of the two surfaces, the prescription of the contact lens can be obtained. Eight myopic eyes with different
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.

defocusing and astigmatism are selected in this research and their corresponding contact lenses based on the

wavefront aberration; contact lens; vergence; optimization
=

surface of the contact lens is spherical and the vergence of the contact lens is equal to that of the eye for the case of
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Table 1 Structural parameters for the anterior cornea and its fitting surface

Eye order R /mm R’ /mm R, /mm R, /mm P, /m! P,/m ! AP /m™! 0/
1 8.50 8.69 8.63 8.76 43.71 43.06 0. 65 9
2 8.08 8.23 8.21 8.26 45.93 45.63 0. 30 0
3 8. 04 8. 14 8.21 8.09 45.93 46. 61 0.68 —2
4 8.22 8.46 8.28 8. 66 45.52 43.56 1. 96 10
5 8.21 8.46 8.23 8.73 45. 82 43.22 2.60 5
6 8.07 8. 20 8.22 8.19 45. 89 46. 04 0.15 —5
7 8.26 8.48 8.29 8. 66 45.47 43.56 1.91 5
8 7.94 8. 11 8. 14 8. 10 46. 35 46. 57 0.22 —5
KM Wavescan [l Sai G2 MM & 8 HARAY 9 Tl Zernike ZIX R L Hb Z, £ E. 2, M
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Table 2 Wavefront aberrations for 4 mm pupil diameter mm
Eye order Zs Z, Zs Zs Z; Zs Zy
1 —0. 2417 2.1849 —0.2105 0.0264 0. 0082 —0.0762 0. 0066
2 0. 0408 4.1326 —0.5317 0.0120 0.0307 —0.0130 —0.0107
3 —0. 0206 2.2916 0.0632 0.0071 —0.0010 0.0449 0.0243
4 —0.0573 4. 1506 0.0416 —0.0403 0.0988 —0. 0207 0.0161
5 —0.2332 5.3428 —0. 3644 —0.0023 0.0020 —0.0342 0.0011
6 —0.0821 3.4362 —0. 1653 —0.1057 0.1137 —0.0387 0.0070
7 —0.0924 2.2165 —0.2578 —0. 0400 0.0677 0.0015 0.0028
8 0.0378 1.9997 0.1019 0. 0346 —0.0055 —0.0063 —0.0244
3 9 8 FUHR P 80 A% e ) A M0z o B 1) e B 25 5 O P R BRBE AL P R AT BRI AL 0 SR HOR b
(iR
3 A AT I O R
Table 3 Diopter of the conventional corneal contact lens
Eye order 1 2 3 4 5 6 7 8
P,/m™! —3.25 —6.25 —4.50 —7.00 —8.75 —5.50 —3.50 —3.75
P./m! —1.00 —1.50 0.75 0. 25 —0.75 —0.50 —0.50 0. 50
6/ —5 5 0 5 —5 5 5 0
L 6 HiT e TH 5 0 A 4 fd 5 Y BB N 19 A% 254 .8 H ploial MR Ay A M58 4 i 458 iy 4% T ' 2 X TG B
T A5 21 £ 1542 fh 575 T 1A AL 190 S5 50 AR 22 ) G5t XS hmF 4 4. R GR, PP, FOA
HEAT R0 o T BR AT 42 M B T 9 TR 't A IXC e U THT Y FXEER MM,
F 4 A IR fh B R T T B 25 A
Table 4 Front surface profile of the contact lens
Eye order R, /mm R,/mm P /m! Py/m™! AP /m™! 6/
1 9. 34 9.59 42. 84 41.72 1.12 —10
2 9.39 9.78 42. 60 40. 88 1.72 14
3 8.91 8.76 44, 88 45. 64 0.76 0
4 9.69 10. 16 41. 28 39. 36 1.92 5
5 9.98 10. 95 40.08 36.52 3.56 2
6 9.23 9. 31 43.32 42.96 0. 36 5
7 8.92 9.47 44. 84 42. 24 2. 60 5
8 8. 77 8. 67 45. 60 46.16 0. 56 10
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Table 5 Optimised diopter power of the contact lens

Eye order 1 2 3 4 5 6 7 8
P./m™! —3.36 —6.24 —4.39 —7.16 —8.72 —25. 64 —3.52 —3.84
P./m™! —1.00 —1.64 0.76 0.16 —0. 84 —0. 36 —0.56 0. 56
6/ 5 5 5 0 0 6 5 5

4 é;j:[: i/b T. Seller, M. Mrochen, M. Kaemmerer. % fj 1% 2 5| § §

SR A T3 T8 PELECHE » BT T R A A Y AR I
fih 58 J 2 1 D' DX I TR 45 ) 5 3 R AR 22 K dle iz
JHIE I A J5 e 47 IF 1) 3 50 004 % BEE L 45 5 9H
BOE G AVE L BT 1 fe D0 A 1oy Ay 42 ok 58 iy 2 i
Dl DT 2R 45 K 5 SR FH A 4 floh 5 i i 22 10 ) 454
THIL A S A A IR 45 Ak B8 1) S5 D0 9 1E 06 £ R0 A
738 2 157 TE AL ) R s Ao o i B H A

AR SCHT AR Y B T ik R EAL T R T
S AR I 1 B LR HL v oA R M TR £SO i 15
2RI IR Z 0 0% 1 pm A1 0.1 m™ ' B
(19 8 Bl R i # 5 B 3 o AL O . B HOE
JBERRA — RE WA AR B W PR 36 e 22 36 O 43
W AR B % 345 5 1 A M4 i B ) 3% T T Y, AT
BT 7 ol A I o 5 1 5 A BV BR A gy T Y 45 A
A Hl A 17 28 245 49 I 38 2o o S i B0 A IR Y
THT B 45 K 2 0 T BB 1) D't £ B2 R B AR A 14 A
i fh 58 ' £ BE 1 23 A WA BT AR 45 R A A B
HERYE . TR R L LA RMS {H 78 10" ~
107" mmig 2. AR B A HEERT N 0.04 m ',
JIr AAS B T7 36 B AT 5 DUk RS 5k PR AR

2 % x #

1 Li Fan, Xie Peiying. Contact Lens [ M]. Beijing: People’ s
Hygiene Press, 2004. 1~23, 116~137

BOWL, BRI MR A BEeE M. dEnt. AR R
2004. 1~23, 116~137

2 E. S. Bennett, B. A. Weissman. Clinical Contact Lens Practice
[M]. Lippincott Williams & Wilkins, 2005. 111~151

3 J. Liang, D. R. Williams. Aberrations and retinal image quality
of the normal human eye[J]. J. Opt. Soc. Am. A, 1997,
14(11) . 2873~2883

4 T. Seiler, M. Mrochen, M. Kaemmerer. Operative correction of
ocular aberrations to improve visual acuity[ J]. Chinese Journal
of Optometry & Ophthalmology , 2001, 3(2); 69~71

2k

LASIK &2 EMReR1G 25 ()], BRARKF & &, 2001, 3(2): 69~71

5 S. MacRae, R. R. Krueger, R. A. Applegate. Customized
Corneal Ablation: The Quest for Super Vision [ M]. United
States: John H. Bond, 2001

6 L. N. Thibos, X. Hong. Clinical applications of the Shack-

Hartmann aberrometer[ J]. Optom. Vis. Sci., 1999, 76 (12) .
817~825
7 J. F. Bille, C. F. H. Harner, H. L. Fieder. Aberration-Free

Refractive Surgery: New Frontiers in Vision [ M]. Germany:
Springer, 2002. 1~23

8 W. H. Seiple, J. P. Szlyk. Clinical investigation into the vision
performance provided by the izon spectacle lens system [ ] ].
Review of Ophthalmology , 2008. 1~16

9 L. N. Thibos, X. Hong, A. Bradley e al..
precision of objective refraction from wavefront aberrations[J].
Journal of Vision, 2004, 4(4). 329~351

10 Zhang Zhenhua, Rao Feng, Wang Zhaoqi.
refraction based on wave-front aberrations of human eyes[]].
Laser & Optoelectronics Progress, 2010, 47(12): 123302
dRPRAE. BE F, EEEYT. LT AR AT IR 22 B0 09 & B O BT 5
[J) skt e5F8 &, 2010, 47(12): 123302

11 Qu Jia, Yao Jin. Spectacle Lenses [ M]. Beijing: People’ s
Hygiene Press, 2004. 8~18

Accuracy and

Study of objective

B B o RBEsAIMID dbat. AR TUA L RAL. 2004
8~18
12 L. A. Carvalho.  Accuracy of Zernike polynomials in

characterizing optical aberrations and the corneal surface of the
eyelJ]. Investigative Ophthalmology & Visual Science, 2005,
46(6); 1915~1926

13 J. W. Goodman. Introduction to Fourier Optics{ M]. McGraw-
Hill, 1968. 31~96

14 Zhang Yimo. Applied Optics[ M]. Beijing: Publishing House of
Electronic Industry, 2008. 29~60
TRLABEL R DG IMOL dbs: F Tk AR, 2008, 29~60

15 Wang Yang, Wang Zhaoqi, Guo Huanging e al.. Impact of
higher order wavefront aberrations of human eyes on vision
performance[ J]. Acta Optica Sinica, 2005, 25(11); 1519~1525
oA, EEEYT, OB S IR A R SR 22 %0 2 i A R
[JJ. %% %3k, 2005, 25(11); 1519~1525

16 Fang Lihua, Wang Zhaoqi, Wang Wei e al.. The influence of
wavefront aberration of single Zernike modes on optical quality of
human eye[ J]. Acta Optica Sinica , 2006, 26(11); 1721~1726
FRAE, FHEYT, £ R S VEJE 5 A& WUE 25 6 IR S i
)] B ¥ R, 2006, 26(11): 1721~1726

”
W

EERE: % 4

s116001-5



