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Abstract The accuracy and precision of objective refraction from wave-front aberrations are important in the
clinical medicine about optometry and ophthalmology. Based on the wave-front aberration data from human eyes. the
curvature distributions of wave-front aberration surface are computed, and the spherical and cylindrical objective
refractions in pupil plane are obtained. The refractions in the plane located at spectacle lenses are calculated through
ocular wave-front propagation. This method takes into account the influence of higher-order aberration on objective
refractions of human eyes. By analyzing the difference between the objective refraction from wave-front aberration
and the subjective refraction, the result reveals that the objective refraction with a 4 mm pupil is nearly to the
subjective refraction. The mean sphere difference is 0.06D, the mean cylinder difference is —0.07D, and the mean
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cylinder axis difference is 0. 62°

. The results show that the objective refractions from wave-front aberration with a

4 mm pupil can be used to predict the subjective refraction actually.
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Fig. 1 Refracting power distribution maps in the pupil plane from wave-front aberrations
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Fig. 2 Changes of refracting power difference with sphere and cylinder in the pupil plane
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Table 1 Statistical results of the difference between the objective refraction from wave-front aberration

and the subjective refraction for scotopic and 4 mm pupil

spherical equivalent difference /D
Pupil diameters
Mean SD Min Max

Mean SD Min Max

cylinder difference /D axis difference /(%)

Mean SD Min Max

—0.15 0.648 —1.59 1.36
0.313 —0.827 0.75

Scotopic
4 mm 0. 06

—0.14 0.441 —0.980 0.73 1.13  8.21
—0.07 0.251 —0.779 0.31 0.62 7.33

—14.6 15.4
—14.5 14.7

F 1P HET- 125 5 bR 25 (SD) F R K fie /)
255, 25 55 R A I R il 2R 5 A B 3 O6 B UM T
2 55 ' B A5 R U056 S K00 ) 3 5 25 55 Ok IE
{EL B 2R 2R A0 1 0 06 B B0 1) . % 1
S L] I 3 I R4 mmi LB AR BT R R 25 R
#/NTF 0.25D, 4 mm [EFLE A T T BRE 2 7
0. 06D, 3= B il 22 43 A1 18 5 0 1 BR EE 5 32 W 50
SR, 22 S —0. 827D~0. 75D I I 1 N
L BRI BK B 22 7 o — 0. 153D, Rl %
o3 A5 BB 6 B BR BE HE 3B L e 1] 302 #1 0. 153D, 1
FLBRE 22 5 B o 22 58 K (0. 648D) . i 22 fix K ik

B 7 —1.594D, 1 B A I AL T A D8RI I O 5 R
5 R EEE R Z A B R, R, £ 4 mm
i FLOELAR T I8 7 60 O 1 A RO B A 5 LG
(1 25 S AH XT3/, 3 25 740 0 S — 0. 07D Al
0. 62°, B AT AR v 22 W S /DN T 15 38 7 45 78 A 0%
HIOEE R . HIt, it 4 mm @£l AR T A A
A3 A I8 T LA R £ T 2 LB o 4

4 3t 7
Thibos 7& SCHRL11TH 38 3 S AT 2248 — B i Je
2 R RO A B A AR BRI S



2 3 Jr MIAEAE BT AT i A A LR 6T T ¥ 489

IR LG 625 3 - B EA 22 2 0. 39D, HEFZRY
SEE 22N 0. 09D, FEak BR BT 25 5 BF I E E &K
T 0. 25D, R HAE HEAT I AR 22 30 06 XU 25 1 — B
B2 RAE R . SCIRLY JFISCHRL 10 ] rh ] Y e I Dl 2
i A6 TT I R TS R A G 2 B AR v L R
SEE SRRV B H 70 M B2 A [) 7 8 BB A Aol s 25 it
SRR HEVE D B AR M N S B2 rp ARURE B 4% 4 A A5 IR
AR ME— R B i AR v o R IR i A5 22 st v 1 A
O3 A HEAT G 25 T R AR 2 X i 't B R
Mg o 53238 b ME— AL 1 2 A3 P oa] LU e B
152256 AR Jett 5 JBE 43 A1 1) 52 el 5[] 6F e L F- 100 14 1Y)
Bt AnT DAUF ] — 4 sl = 4 KB ATk R0 .
DRG0 5 ¥ RAT B B EE AT

A 3l 56 A0 & DX 2 i AL O BAR N 3 mm
FIRY DX B SHG IS0 7 ) e B AR 22 A0 B D 4 SR 2
E TARME 22 oGS5 R A S8 3R . 78 I IR 1
Al R A SRS R IT A REAE B J5 i 5
JeAb Ty TG TE B B AR R AT Y S
P i L B /0N I /0N T 5 3 7 g AL PRI 4 mom i
LTFRECE RS FUWROCE R BT, 5 —J7
[TRUN ORI TS B U SR TN ob R b | 2 1 2
PR 20 52 el o R L EL 2 SR Rl b e B B0
A 75 B 28 TR R 1Y e DG OIG 2 JoT R I X I 8 2% WL 5
JGIE S B EOC A R T . TEROG R b R
THIARNIR 2 K E B Stiles-Crawford 3¢ M )5 » th,
Y & O I E-SVE S R IERSIE SR vt BN P =EC
Ui T I PSSR U o o 10 i G B S C A
34 28 28 G0 1 YDAk S50 AH R 8 /N 3 R 5 PR il 42
E ORI RS GRS { W N N 1 R I SR S S
AR R EWE G A — SR Al P R
LUREIRER: D) &5 K A A PPN RS Vb e of S5
FMECE R A —BUEE B

5 4 e

H 9B 5 22 ity T ) o 3 0 A SR B IR DG
2 G RE % 18 T g A% 2 %o MR JeE D' JBE Y B i [ ik
ST AT A4 HE LT T P JR 0 1 e ' B L A R IR
BB AR AL FRG R IE T2 W AR A JE JEIRZS

i 3k B A R 43 A T 56 0 5 S 0L ¥ ) 11 25 5
AL AP .4 mm BEFLE 2R TR RS £
WL 645 0 22 S /N P B BRBE 22 5%y 0. 06D, AR ifE
250 0. 313D, F- 35 HE B R AE BE A Y 25 5 0 B oA
—0. 07DF1 0. 62°, & AT A bR E 22 43 51 24 0. 251D Fa
7.33%, HE—H MG R AL 4 mm AL H AR

FAFR i 2 I O 5 3 05O ) ) Bk 22 R
160.25D Z NI AR A 25 H(60%) , K 25 7
0.25D Z N AR 28 H(66.7%) . i A B A 1Y 22
SAE 1 Z NI NERA 30 H (71, 4%) . A )
4 mmEfL BT 09 il 3855 A 1B 566 AT DL HE ) 1Y)
T 3 W85 45 R

5 F X

1]J. Liang, B. Grimm, S. Goelz ez al.. Objective measurement of
wave aberrations of the human eye with the use of a Hartmann-
Shack wave-front sensor[J]. J. Opt. Soc. Am. A, 1994, 11(7) .
1949~1957

2 Xu Feng, Zhao Shaozhen. Comparison of the refraction results
measured with WaveScan aberrometer and manifest refraction[ ] ].
Journal of Tianjin Medical University, 2006, 12(3) . 430~431
R, B P WaveScan JEHTR 25 (0% W3O 5 BRI
SEREI]. RAEBRAXFFM, 2006, 12(3): 430~431

3 L. N. Thibos, R. A. Applegate, J. T. Schwiegerling et al. .
Standards for reporting the optical aberrations of eyes[J]. J.
Re fract Surg. , 2002, 18(5): S652~60

4 Shen Jianxin, Ye Han, Zhang Yunhai. Relationship between
second-order Zernike coefficients and conventional spectacles and
aberration correction[ J]. Journal of Southeast University (Med.
Sci. Edi.), 2004, 23(1): 6~12
WaH . M %€, KB, BB Zernike Z I 5 ML A IE R
KABIGZEMFED] RdXFFRCEF R, 2004, 23(D);
6~12

5 Thibos Larry N., Ye Ming, Zhang Xiaoxiao et al.. The
chromatic eye: a new reduced-eye model of ocular chromatic
aberration in humans [ J]. Applied Optics, 1992, 31 (19):
3594~3600

6 T. O. Salmon, R. W. West, W. Gasseret al.. Measurement of
refractive errors in young myopes using the COAS Shack-
Hartmann aberrometer[ ] ]. Optom. Vis. Sci., 2003, 80(1);
6~14

7 Fang Lihua, Quan Wei, Wang Zhaoqi et al.. Influence of
wavefront aberration of combined Zernike modes on optical
quality of human eyes[J]. Opto-Electronic Engineering , 2007,
34(12): 21~27
FHRME, & g, EEEYT S VEJE AR 2 LA R IR S R i
wul)]. ke A2, 2007, 34(12) ., 21~27

8 Fang Lihua, Wang Zhaoqi, Wang Wei et al.. The influence of
wavefront aberration of single Zernike modes on optical quality of
human eyes[J]. Acta Optica Sinica, 2006, 26(11): 1721~1726
TR, EEES. £ M S B A TR 2 X IR B A
1], kg IR, 2006, 26(11). 1721~1726

9 Wang Yang, Wang Zhaoqi, Guo Huanqging e al.. Impact of
higher-order wavefront aberrations of human eyes on vision
performancel[ J]. Acta Optica Sinica, 2005, 25(11): 1519~1525
oM. BT, WK S IR Y R 25 %0 3 R Y 5
[J]. k%%, 2005, 25(11): 1519~1525

10 A. Guirao, D. R. Williams. A method to predict refractive
errors from wave aberration data[J]. Optom Vis. Sci., 2003,
80(1): 36~42

11 L. N. Thibos, X. Hong, A. Bradley et al.. Accuracy and
precision of objective refraction from wavefront aberrations[ ] ].
J. Vis., 2004, 4(4). 329~51

12 Li Xinyang, Jiang Wenhan. Zernike modal wavefront
reconstruction error of Hartmann-Shack wavefront sensor[ ] ].
Acta Optica Sinica, 2002, 22(10): 1236~1240
AR, 0. I B B e AR IR PR JE o SR T A R AR 22
[J]. k554, 2002, 22(10): 1236~1240

13 Dorsch Rainer G, Haimerl Walter A, Esser Gregor K. Accurate



490 ot &

¥ 50 %

computation of mean power and astigmatism by means of Zernike
polynominals [ J ]. J. Opt. Soc. Am. A, 1998, 15 (6);:
1686~1688

14 Chen Weiheng. Introduction of Differential Geometry [ M ].
Beijing: Beijing University Press,1990. 95~109
BrdetE. oy JUAT 90 25 M. db 50 db s K2 ARtk 1990.
95~109

15 L. N. Thibos, W. Wheeler, D. Horner. Power vectors: an
application of fourier analysis to the description and statistical

analysis of refractive error[J]. Optom. Vis. Sci., 1997, 74(6) .
367~175

16 Dai Guangming. Wavefront optics for vision correction [ CJ.
SPIE, 2007. 223~227

17 Atchison David A, Joblin Anthony, Smith George. Influence of
stiles-crawford effect apodization on spatial visual performance

[J1. J. Opt. Soc. Am. A, 1998, 15(9): 2545~2551



