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Abstract In the early studies, when the double-pass system with the same diameter is used for the measurement of
the human eyes aberration, the odd aberrations (such as coma) are cancelled because the odd aberrations of the two
channels cancel each other out. A new model eye is proposed to verify whether the human eye's odd aberrations are
cancelled in double-pass system. Entrance pupil size (1-8 mm) is changed and exit pupil is fixed to 6 mm. The results
shows that human eye's odd aberration could be measured by a typical double-pass system, that is Hartmann wave-
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front sensor system. Human eye's odd aberration is not related to the size of entrance pupil and exit pupil. Finally,

the conclusion that the double-pass system does not cancel human eye's odd aberration is obtained.
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Fig. 1 Imaging process of double-pass imaging system in human eye. (a) First pass; (b) second pass
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Table 1 Part of Zernike polynomial coefficients and

corresponding aberration
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) Corresponding
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Table 2 Simulation data of model eye 1
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Table 4 Coma measurement data of model eyes 1

Entrance Exit Coma along  Coma along
pupil /mm  pupil /mm  x axis /pum  y axis /pm
6 6 0.0022 0.0051
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and coma data of model eye 1
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Table 5 Coma measurement data of model eyes 2

Entrance Exit Coma along
pupil /mm pupil /mm x axis /pm
8 6 0.0770
6 6 0.0829
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Fig. 6 Relationship between the entrance pupil size and

coma data of model eye 2 in x direction

TEXGE Z2 G 2R W 4 2 i A5 i R AT A
HIR FE AL 30 TR A R A (R 2205 B rT IRy, OF H S
HOARE AR 227K, SR s AR A S
S0 EE S R A R B S D T A O, i 2 A C

0811002-5



ot &2 % 2
7). Ut B P AR IR A A5 S A B, n] DA AB B A [R] ) 5 measurement of wave aberrations of the human eye
R B AR A L O T e T B RS PR R A L & with the use of a Hartmann-Shack wave-front sensor
%5 v ) 5 5 TR A P [J]. Journal of the Optical Society of America A,
1994, 11(7): 1949-1957.
) [2] Liang ] Z, Williams D R, Miller D T. Supernormal
»‘I vision and high-resolution retinal imaging through
) adaptive optics[J]. Journal of the Optical Society of
America A, 1997, 14(11): 2884-2892.
B 7 MR RS AR5 O A B DA A A% sk {1 43 5 Ak 1 155 181 [3] Godara P, Dubis A M, Roorda A, et al. Adaptive
Fig. 7 Diagram of tilt changed with the variation of optics retinal imaging: emerging clinical applications
light position in the fundus [J1. Optometry and Vision Science, 2010, 87(12):
A SCHR 1 IR o 45 A5 £ A N | |
R B 1 L RS B 26 i L i L e LB e el Adwv
optics for vision science: principles, practices,
H A EL A ey 22 A A AR 22 R LA B L (H design, and applications[ M]. Hoboken: John Wiley
AEE@%K%%%%E%%Wﬁ%M%%W% &. Sons, Inc., 2006.
W5 22 09 FE A, A R R B K 1] IR B Y R A B [5] Williams D R. Imaging single cells in the living retina
200 Bl T R B9 s A R RS — . A [J]. Vision Research, 2011, 51(13): 1379-1396.
W T 4% (10 T30 2 AN 0 2 85 SF MR TR A3 s e 7 B (4 D B [6] Pérez-Merino P, Dorronsoro C, Llorente L., et al. In
1386 3 0 R {2 I A B S 1 2, vivo chromatic aberration in eyes implanted with
e R
in'f%:)l%‘ﬁfr%’f%%%% ’ B{FHE{%ﬂEL)\}\ﬁE iVEZ [7] Nakajima M, H,iraoka, T, Yamamoto T, et al.
PRI . P, B AT R 0 RGE RS 7 Differences of longitudinal chromatic aberration
@ﬁﬁiﬁ/h/\ﬁi N B A T LA R 08 AR fA (LCA) between eyes with intraocular lenses from
J2 S X5 S P B different manufacturers [J]. PLOS ONE, 2016, 11
(6): e0156227.
6 é:é‘: ]\rb [8] Vinas M, Dorronsoro C, Garzon N, et al. In wvivo
subjective and objective longitudinal chromatic
U A AT N HR AR 2 YEAT IR, 75 ) A BER aberration after bilateral implantation of the same
/AR TE] 15 BE Al TR f%’:}\ My (R 22 1o 5 8L . A design of hydrophobic and hydrophilic intraocular
TR ERIS AR SCHIS a0 e REPHE T NIRBR lenses[J]. Journal of Cataract & Refractive Surgery,
TYA BT, A2 A SR IR TR rr , 400 10 8 4R i3 A 56 4 2015, 41(10): 2115-2124.
IRASE AR AE B 8B S T . T R AR S A R — S [9] Flamant F. Study of the distribution of light in the
S AR T AR SO R AR (S L SUGE S B retinal image of a slit[J]. Review of theoretical and
MU BEEAGNE ., FO B RBLR g smmentonte, T B
Py oy NN . N avarro s rta s iltams . odulation
%Xﬁu;&lﬁ’ﬁﬁﬁhﬁ/}ij\jyﬁlm%ig}aﬁﬁfﬁgj‘%@ transfer of the human eye as a function of retinal
o KR B 11 TS 0 5 1 PSR AR eccentricity [J]. Journal of the Optical Society of
SR A AEAE B TS5 T B T S SR X8 UL ) A AR 25 America A, 1993, 10(2): 201-212.
S ) (1) A2 B2, X 4 [n) B H RIS A AR I 0 e . [11] Artal P, Marcos S, Navarro R, et al. Odd
AT E IR A IR PR TS A e R R T IS | R aberrations and double-pass measurements of retinal
MM E R E A LD RN PSR image quality [J]. Journal of the Optical Society of
i PR CHRHEAT 5256 0 — 2 B A A HE 0 P9 1 ) S S5 America A, 1995, 12(2): 195-201.
Bl Xt AR B2 22 15 B HE T VAL LK 3 — 4 [12] Artal P, Iglesia}i 1C, IioperGil N,det al . D(l)ublef
pass system with unequal entrance and exit pupil sizes
h!% AO HEETHH%E%:T%E@ i L I FL LA % to measure the optical transfer function of the human
ST 9T IR B eye[J]. Lasers in Ophthalmology IIT, 1996, 2632:
5 2 X @ 56-61.
[13] Guirao A, Lopez-Gil N, Artal P. Double-pass
[1] Liang J Z, Grimm B, Goelz S, et al. Objective measurements of retinal image quality: a review of

0811002-6



e %

ne
¥

i

[14]

[15]

[16]

[17]

the theory, limitations and results[J]. Vision Science
and Its Applications, 2000: NW4.
Zhao ] L, Xiao F, Kang J,

intraocular with

et al. Quantifying

scatter near diffraction-limited

double-pass point spread function [ J]. Biomedical
Optics Express, 2016, 7(11): 4595-4604.

Yang Y R, Dai Y. Evaluation of the effect on eye
aberration on retinal imaging quality based on the root
mean square error and correlation coefficient [J].
Acta Optica Sinica, 2017, 37(3): 0333001.

WER, Ba. JETHI7 R ARG REOTHr AR
B IE XM AR BT s ma [T e %24, 2017, 37
(3): 0333001.

Zhao ] L. Objective assessment of ocular scatter and
Chengdu:
Institute of Optics and Electronics Chinese Academy
of Sciences, 2017.

XA N IR % W F M B H g A 2 B 52w BF 5%
(D]. k. o ER = Bt i E ARBESE . 2017,

Yan H L, Yu X M. Ophthalmic physiology [M].
Beijing: People’s Medical Publishing House, 2001.

its influence on visual function [ D].

(18]

[19]

[20]

[21]

[22]

0811002-7

AR, TR RAMSIM]. deat: ARTAENR
JRAt, 2001,
Diaz-Santana L, Dainty ] C. Effects of retinal
scattering in the ocular double-pass process []].
Journal of the Optical Society of America A, 2001,
18(7): 1437-1444.

Marcos S, Burns S A, He ] C. Model for cone
directionality reflectometric measurements based on
scattering [ J]. Journal of the Optical Society of
America A, 1998, 15(8): 2012-2022.

Zhang Y D, Rao C H, Li X Y. Adaptive optics and
laser manipulation [ M]. Beijing: National Defense
Industry Press, 2016: 23-31.

KRR, GEAHE, BT, A NG KOt E
(M. dest: [EEs Tolk bt 2016: 23-31.

Dai G M. Wavefront optics for vision correction[ M] .
Bellingham: SPIE Press, 2008.

van Blockland G ],
polarization of light scattered at small angles from the
human fovea []J]. Vision Research. 1986, 26 (3):

485-494.

van Norren D. Intensity and



