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Abstract

Computer analysis of simple eye model is performed in the present work by using the
Zemax optical design software 2000E . The most important optical parameters of the eye were
calculated such as the effective focal length (EFL) , the image spot size at the retina and found to
be in a reasonable agreement with the values needed for the laser retinal treatment .The present
eye model leads to an effective wavelength and we found the image spot diagram at the surface
of the retina and the wavefront error which are provided at zero field angle. This gives a good
evidence of the validity of the model in one hand, and can be used to determine the compatibility
of any optical design intended for visual applications. By using the pulse frequency doubled
Nd:YAG laser 532 nm can be used for the to treatment the retina.

Introduction

In an optical point of view, the human eye is considered as a complex imaging system.
Utilizing computer analysis of a simplified eye model, allows us to better understand the basics
of the eye functions and the limits of visual resolution (1). Recently, much interest was devoted
to design and analysis by using Zemax software 2000E of a diffraction limited cats eye
retroreflector (2,3) because of its applications in spatial light modulators.
The recent researches were concentrated in the field of scanning laser opthalmoscopy to measure
and correct the high order aberrations of the human eye and to calculate the optimal pupil size in
the human eye for axial resolution (4,5).
Most imaging sy stems are well described by a sequential list of surfaces, each of which defines
the boundary between one media and the next. They are traced from the object surface to each
surface in a specific sequential order. The Zemax optical design program is a comprehensive
software tool for optical design and is used in the present work for the computer analysis of the
simple eye model.

M aterials and M ethods

The eye model

The eye, as an optical device , may be thought as a system of optical components, of about
one inch in diameter, filled water like fluid. The transparent surface through which light enters
the eye is called the cornea. The convex outer surface of the cornea provides the majority of
optical power to be transmitted through the eye. At a few millimeters behind the cornea, there is a
relatively thick double convex lens, the eye lens. Just in front of the eye lens, there is an opaque
disk with an opening at its center which is referred to as the iris. The eye lens focuses the light
entering the eye at the back of the eye, the retina. The retina is the most important p ortion of the
eye that resolves the detail of the image or the visual resolution.
By using the Zemax optical design software 2000E, the most important optical parameters of the
eye were calculated such as the effective focal length (EFL) and the image spot size at the retina.
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Results and Discussion

Fig. (1) shows the model of the eye developed in this work by using the optical design
Zemax software 2000E.The radius of curvature, thickness, diameter and glass information is
provided in Table (1). All surfaces are spherical.
The light originates from the second harmonic generation of the Nd: YAG laser emitting at the
wavelength of 532 nm. It was mentioned in (1) that the standard point of maximum
accommodation is at an object distance of 254 mm. This distance is often referred to as the close
point of a typical eye. In the present model and for the pumpose of making the lens nearly
equiconvex, the value of 10 mm is taken into consideration. The present eye model leads to the
effective wavelength ( EFL)of 16.3406 mm. This value is in an excellent agreement with the
corresponding value of 16.7 mm obtained in ref. (1) at the object distance of 6.2 mm. The slight
difference is due to the difference in the object distance between the case presented in the present
work and the value used for the purpose of the model presented in (1). Furthermore, the image
space numerical aperture NA is found to be 0.2756169, while the object space NA is 0.7071068 .
The image spot at the retinal surface is shown in Fig. (2). The central diameter of the image is

found 184 um, while the blur circle outside this central image spot is due to aberration.

This value of the central spot diameter can be considered reasonable for the case of the frequency
doubled Nd:YAG laser at the eye retina, since it is within the range of the laser spot size needed
by the surgeons for the laser retinal treatment.

Plots of wavefront error are provided at zero field angle, in Fig. (3).The aperture coordinates are
relative and the scale of the optical path difference runs from 100 to 100 waves. The similarity of
the incident and existing wavefront is the most important single figure of merit for the validity of
the present model.

Conclusions

I- The present eye model is suitable for computer analysis by using modern optical design
software.

2- The present data for the eye model can be used as a reference which can be used to d etermine
the compatibility of any optical design intended for visual applications.

3- The effective focal length ( EFL) of the eye system provided in the present work can be
considered as one of the important Figure of merit for testing the validity of the present model.

4- The spot size provided by the present work is in areasonable agreement with the value needed
for the laser retinal treatment. This gives further evidence of the validity of the model
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Table (1) : The surface data for the Zemax software 2000 E(6)

Radius of Thickness Diameter,

Surf. Comment curvature, Glass type
mm mm

mm
OBJ - infinity 10 Air -
STO - infinity - Air 20
2 CORNEA 7.98 1.15 MgF, 10.96213
3 AQUEOUS 6.22 2.39 SEAWATER 10.86602
4 LENS 10.2 4.08 CaF, 10.90885
5 VITREOUS -6.17 17.15 SEAWATER 10.9355
6 - infinity 0 - 3.32571
IMA. - infinity - - 3.32571




W

-l = T
M RLSATTION

Wig, {12 ) 2 Layout of the simplificd cye model

IEE-E(;M &

C':'J"""‘ﬂfﬂf. —

— |
ﬂ?L{Pc}Mf —

It e ph e

Lens

PLL o TEEED
It i

RN o B e

WMiEreerns

- ——

VHIETIZ =/ 11001 - o5

Fig. {11} 3D Layveut of the simplilicd eve model.



; - W
i 1

| i

i
| | o :-_:.'.."-l.a-'.:, ..

: :E.::P._':h: :_.-_

I . f“".'\.. h{:;%;l
| i LA :w‘!- e
| :
| .

e e “r P Te] — =
| z
VERTHT LR ICCRLCE :-e-'-l-I = -

T >
R L A | o el e

S TRLEN L

I~

| = |

i .

s
I o I}
| | ' hood
| ;
| |
| I Akwm o
VAR

ETOT LRI ZRa =

E S AL
? DB v EeE TN

T i g

IR . 5o :
; b TRy —

my, - - | S Lo RS o Pkl 1T =T LUteE—",

Fig. {2k} spot diagram of the simplificd eve wmodel

FoiAk



]

38700 N s T L ST jtned o £ _a
! it a4, X: - 1 Ll ] X, - LI 1 ?l_'
|
183 -z 4 = Tk
SLECTTT: 1 s =
| TGS 5T L) -
| R | I T P
KT TEN 0 RAGS  LMTTE IR ThIARS |
N i i
1 P PO | ) . e
I B . 0 o B o s
RIS hi] RETRTRS. thud B feonagCow- Z0M 1 -
Fig. {2¢) [ocus spol diagram .
| (e N TR vgc I 1
L | A
i
! E —
| | | -
) 1
' T I ! ; !
I : R Ifl ; ! T L ol o L |
i 1 i [l 1 T A i -
| .-H'. | Fr i ad : r=e i
4] —_— L} e
J h I [ f |
' W i T e S
| i B | o ;l . 3 .I
| 2 i i 3
I |
| : i
I ]
| &
I

GH.ZCH2 Z8Te M1 FEREALF

"AH AFRA ARG TT,

= = T

PREMTT G SNTIR

Fig. ( 31 Wavelrani cornr as a tunction of epersior al were

decree for the optimal .



2009 (3) 224104l Agkilly Al ashall wiigl) (ol Al
Cradd Jacsa GJJAS! Jeladll G guulad) aladiing
daaa galaa Cpua ¢ Jaaa il auld ol ) ae ud) ae R

Al 805

Laa gliSillg 2 ghell 313
ADAL

ppaalll maliy abailly sl 3 3 ¥ 8 Gl hasse zisel pulal abanldy dbaall
i3l gl Johall ( EFL ) die el dagall dppaddl Guliall Casa & 5 . Zemax software 2000E s yaul
S el aatinl 2 3salV) Ll S 20 ) dabind) adl oo Jsine (3155 ans GBS L AKWEN 8 5)5al ana
3 oail) NA:YAG )5 alasiady 40300 e )5l Gy 3y em alag) (e LSS 28y i5all asall Jshall Adjs )
Al Al Allaxind oSy 63 532nm aeliadll 2250

anlaiin) Ko oxal Lga ey Aga 0o sVl 13 Guda AlSa) o Laaly Dby i) sda cukae
g pad) Oligdall ) 2 Uiag (g apena 5 Bl 2aa]



