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Introduction

Of late years more and more often there are used
videooculographical systems to register people three —
dimensional eye rotations [1,2,4,5], because they are out
of contact. During the research the patient does not feel
high discomfort, so the research can be continued. This
system allows to do this experiment not only at labs but in
a natural environment.

Using that videooculographical method, the cameras
get the eye records into the computer hard disc. They are
analysed using special programs which establish the pupil
centre co-ordinates and by them there are calculated
horizontal and vertical eye rotations. The calculation of
torsion is insufficient using only pupil centre co-ordinates,
for that there is used iris signature [4,5].

The research during the last decade presented the
importance of registration of accurate three — dimensional
components [7]. Analysing the eye rotations obtained from
the videooculographical systems there are observed some
inaccuracies related to qualities of using methods which
have not been estimated yet.

The purpose of research

Analysing the images of videooculographical method
there was observed that when the eye rotates the pupil and
iris form changes. The cornea and anterior chamber can
give influence forming the image of iris and pupil. These
mentioned eye elements form an optical system which can
distort the image of iris and pupil (Fig. 1).

The purpose of this research is to estimate the
influence of cornea to the formation of the image of iris
and measurement of three — dimensional rotations.

Method

The light rays reach the cornea through air and break
in it. A part of light comes into the lens through the pupil
and the other part is reflected of iris and comes back. The
corneal refractive power reaches 43dpt. The refractive
power of anterior chamber is 3,5dpt.

The influence of corneal optics to the iris and pupil
picture we will reach using mathematical model of corneal
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optics. The mathematical model of corneal contour we will
describe using the equations:
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where Xy, o, — the co-ordinates of circle centre; R, —
external corneal radius, R,,; — internal corneal radius.

The mathematical model of iris contour we will
describe using the equations:

{x = const,
Y =0 Rpg;

where R, — iris radius.
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Fig. 1. Cut of eyeball

To make the model there are necessary parameters
chosen from the reference books. The external curvature
radius of the cornea is 7,8mm, and the internal is — 6,5mm.
The standard iris diameter is 11mm [2,3]. The iris is flat,
disc shaped [3,4,5]. Its base is consisted of muscle, which



can contract or stretch. In that way there is obtained a pupil
of less or bigger diameter. The model is accomplished
using MATLAB™ program and presented in Fig. 2.
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Fig.2. The simulated contours of cornea and iris

In the monotonous environment, the light spreads
directly. For that reasons modelling of the rays there are
used lines, going in parallel fibre, in equal distance (step
0,lmm) get into the external corneal surface. In the
simulation were used 59 rays.
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Fig. 3. The propagation of light rays

The eye is made of mediums having different
refraction indices. The rays refract getting over the
boundary of mediums with different refraction indices. The
angle between the perpendicular to the boundary of two
environments and the light ray is marked a and called as an
incidence angle. The angle between the perpendicular and
the broken light ray is marked f and called as a refraction
angle. The auxiliary angles 7 and y we will use to calculate
the angle a. The Refraction angle f is calculated from this
equation:

sina _ np

sinﬂ_ n

@)

Here n, and n, — the indices of medium refraction; o —
ray incidence angle; f — ray refraction angle

Fig. 4. The angles of light ray incidence a and refraction f
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The incidence angle a is calculated expressing these

equations:

X —Xq

T= arctg[y,_—yl} 3)
X —X1

a=y-rt;

here 7 and y — auxiliary angles (Fig. 4.); a — the ray
incidence angle; x, and y, — the junction of corneal
perpendicular and axis of x co-ordinates; x* and y* — the
junction of the ray and corneal perpendicular; x; and y; —
the junction of iris and it’s perpendicular.

In the diagrams there are presented changes of angles
a and B, getting over the environment of different indices
of refraction. .
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Fig. 6. o and f angle changes in boundary cornea—anterior
chamber

The way of light ray propagation inside anterior
chamber is described by coordinates x, and y,, which can
be found estimating the equation system of the line and
circle arc:

' 2 2 ’
ya+y'=tg(f)- (WR™ —y; +x), (4)
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The obtained light ray propagation path is shown
Fig.3.

After the ray distribution analysis, we obtain that the
boundary between the cornea and anterior chamber has
little influence to ray propagation direction. Bigger
changes are when the rays go from the air into the cornea.



We can conclude the purpose of cornea is to turn the
light rays from air to the iris plane and to the pupil. The
light ray stream passing the cornea and the anterior
chamber lights up the iris plane. The iris image will be
seen when the reflective rays of the iris will come back
through the optical environments. The light images
situated on the iris in not of equal distance (though the
light was turned in parallels each 0,1 mm) that proves the
iris image has nonlinear transformation (Fig. 7).
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Fig. 7. The distance change among the light images formed in
the iris versus vertical coordinate

We try to estimate this iris transformation. The
distance among the light images on the iris plane changes
from 4, =0,0761lmm to Asg = 0,lmm (Fig. 8), while
incident parallel light rays has equal distance. So, we try to
estimate iris spherical surface, where distance between the
light images is equal to 0,1mm (B;=0,1mm, here i=1...58).
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Fig. 8. Corneal image points establishment

The corneal image points we will establish using the
equation system:

{az = (xy =x)? + (2~ ), -

Y2 =y =(xp —x1)-1gh.

Here a — constant, equal to 0,1mm; x; and y; — the
primary co-ordinate; x, and y, — co-ordinate of the iris
image; A — the propagation angle of the light ray going to
the iris plane. To calculate the iris image co-ordinates we
used MATLAB™ program.
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Results

After the calculation, there are got the iris image
points. They are presented in the Fig. 9. It is tested and
there is established that the distance between the points is
equal 0,1mm. So, the iris image points are calculated well.
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Fig. 9. Spherical iris image

As we see at the diagram, the iris image is distorted.
The iris image points were approximated in the circle arc
(Fig. 9) and its curvature radius is 26,2mm. So, if we want
to estimate corneal optics influence to form the iris and
pupil image on the plane, the image projection of iris and
pupil on the plane we must get from spherical iris (not
plane) [6], which radius is 26,2mm.

Now, we shall establish what influence has cornea to
the eye three — dimensional measurements. Doing that, we
will use mathematical model of eye iris image at the plane
[6]. In that model there were not estimated corneal optics
influence, so we will correct the model using the results of
this research. We will repeat simulations done in past work
[6], using estimated influence of corneal optics forming the
iris and pupil image. First of all there was investigated the
changing form of pupil and iris. The change tendencies of
the iris and pupil are similar being on model of iris [6]
without estimated corneal optics influence.

Further we will examine, how do the geometrical
parameters of iris beams change during eye rotations [6].
Doing horizontal, vertical, oblique and 3D rotations with
the obtained model there is noticed that change not only
iris beams length and declination angle but also the iris
beams bend. During the experiment the diapason of
vertical and horizontal rotations was +30 degrees, and the
torsion — +4 degree. When the head is not moving the
torsion does not exceed 4 degrees. The parameters of iris
beams carrying out 3D rotations are presented on Fig. 10,
Fig. 11, Fig. 12.

Estimating the results we can affirm, that there is the
corneal influence to the iris and pupil image. The length
changes of the beam chord of the iris and declination
angles is asymmetric.
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Fig. 10. The length changes of the iris beams chords
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Fig. 11. The angle changes of the iris beams chords
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Fig. 12. Bends of the iris beams

The changes depend on the beam position in the iris.
If the beam is in the right side of the iris and the eye is
rotated to right, thus the beam will not change its length for
a while and it has lower variation. If the eye is turned to
the left, the beam has higher variation. Doing the 3D
rotations maximum changes of the length at 45 degree, at
least — 0 degrees. The biggest angle alteration is 0 degrees.
The bends of all the angle beams are almost equal and at
the biggest angles are 0,6 degree.

Conclusions
The mathematical model for simulation of

propagation of the ligth ray fiber through the eye cornea
was developed. The model was implemented by
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programming in MATLAB. This model is used for
analysis of the corneal influence to form the iris and pupil
image.

In the work it was established that because of
corneal influence the iris image has nonlinear
transformation and it’s distorted. If we want to estimate
corneal optics influence to formation of the iris and pupil
image on the plane, we must get from spherical iris (not
plane) [6], which radius is 26,2mm.

There are bends in iris beams, when corrected iris
model on the plane [6] is used to simulate rotations in +30
degrees diapason. In the rotation diapason they have
maximal value of 0,6 degree. The change tendencies of the
iris and pupil are similar being on iris model without
corneal influence. [6]. The diagrams of horizontal, vertical
and oblique rotations are similar by their form and the
change regularity to the diagrams of model without corneal
influence [6]. The length and the angle changes by the
parabola law. But exact examination revealed differences
in dependencies courses, because changes is asymmetric,
when rotations are in the same angles, but in the opposite
directions.

When eye is making combined 3D rotation the form
of pupil and iris image become ellipse. We must take into
account this, when we calculate the centre co-ordinates of
the pupil. If we don’t estimate bends, length and angle
changes of the iris beams during 3D rotations, the big
errors during estimation of torsonal eye co-ordinates are
possible, when we use iris signature correlation method.
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E. Paliulis. Akies ragenos jtaka erdviniy judesiy matavimui // Elektronika ir elektrotechnika. — Kaunas: Technologija, 2005. —
Nr. 2(58). — P. 78 — 82.

Sukurtas ragenos optikos matematinis modelis, kuriuo galima modeliuoti §viesos spinduliy srauto peré¢jima per ragena. Matematinis
modelis igyvendintas MATLAB programy paketu panaudotas ragenos itakai rainelés ir vyzdzio atvaizdui tirti. Dél ragenos itakos
rainelés atvaizdas netiesiS$kai transformuojasi ir yra iSkraipomas. Norédami jvertinti ragenos optikos itaka rainelés atvaizdui
ploks§tumoje, rainelés atvaizdo projekcijos i plokstuma skai¢iavimams turime naudoti sfering rainelg (ne plokséia) [6], kurios kreivumo
spindulys 26,2mm. Modeliuojant patikslintu modeliu akies posiikius £30 laipsniy diapazone, raineléje pasireiskia spinduliy islinkimai.
Sukimo diapazony ribose jie siekia 0,6 laipsnio. Rainelés ir vyzdzio kitimo tendencijos panasios kaip ir modelyje, kuriame nebuvo
ivertinta ragenos itaka [6]. Horizontaliyjy, vertikaliyju bei jstrizyjy postkiy grafikai panasiis savo forma ir kitimo désningumais |
grafikus, gautus nejvertinus ragenos jtakos [6] . Ilgis ir kampas kinta pagal parabolés désni. Skirtumas tas, kad nebéra simetrijos, sukant
tais paciais kampais { priesingas puses. Akiai atliekant erdvinius judesius vyzdzio ir rainelés atvaizdo forma virsta elipse. Skai¢iuodami
vyzdzio centro koordinates, turime tai jvertinti. Jeigu nejvertinsime rainelés spinduliy iSlinkimy, ilgio ir kampo kitimy, atlickant
erdvinius judesius, galima gauti dideles sukties judesio paklaidas, kada taikomas rainelés paraso koreliacijos metodas. Il. 12, bibl. 7
(angly kalba; santraukos lietuviy, angly ir rusy k.).

E. Paliulis. The Influence of Cornea to the Measurement of Three — Dimensional Rotations // Electronics and Electrical
Engineering. — Kaunas: Technologija, 200S. — No. 2(58). — P. 78 — 82.

The mathematical model of corneal optics was developed, which is used for simulation of propagation of the light rays fiber through
the cornea. The model was implemented by programming in MATLAB. This model is used for analysis of the corneal influence to form
the iris and pupil image. Because of the corneal influence the iris image has nonlinear transformation and it’s distorted. If we want to
estimate corneal optics influence to form the iris and pupil image on the plane, the image projection of iris and pupil on the plane we
must get from spherical iris (not plane) [6], which radius is 26,2mm. There are bends in iris beams, when corrected iris model is used for
simulation of rotations in £30 degrees diapason. In the limits of the rotation diapason they are 0,6 degree. The change tendencies of the
iris and pupil are similar being on iris model without corneal influence [6]. The diagrams of horizontal, vertical and oblique rotations are
similar by their form and the change regularity to the diagrams of model without corneal influence [6]. The length and the angle changes
by the parabola law. But it makes difference, because changes is asymmetric, when rotations are in the same angles, but in the opposite
directions. When eye is making 3D rotation, the form of pupil and iris image become ellipse. We must take into account it, when we
calculate the centre co-ordinates of the pupil. If we don’t estimate bends, length and angle changes of the iris beams during 3D rotations,
the big errors are possible for estimatation of torsional eye rotations, when we use iris signature correlation method. Ill. 12, bibl. 7 (in
English; summaries in Lithuanian, English, Russian).

9. Mamoauc. BausiHue poroBuubI 171a3a HA U3MepeHHe NMPOCTPAHCTBEHHBIX ABMKeHMI // DJIEKTPOHMKA M 3JIEKTPOTEXHHKA. —
Kaynac: TexnoJorus, 2005. — Ne 2(58). — C. 78-82.

Co3mana MareMaTHdeckash MOZETh ONTHKM POTOBHIBI, IIPHM IIOMOIIM KOTOPOil BO3MOXKHO MOJCIMPOBAaHME IPOXOAa IOTOKA
CBETOBBIX JIyuel uepe3 porosuily. MaremaTuueckas MoOJeNb peann3oBaHa B makere nporpamm MATLAB. Ynomsnyras monenb
NPUMEHSIETCS JJIs MCCIEI0BaHMS BO3/ICHCTBUS POTOBHIBI HAa N300paKeHHE PaayHOM 000I04YKM M 3pauka. Benencrsue Bo3neHcTBHs
POroBHULBI M300paXKeHHE Pamy>KHOH OOONIOYKM HMMEeT HeNuHeiHoe HpeoOpa3oBaHHE M SIBIAETCS UCKPUBJICHHOH. UTOOBI OLEHHTDH
BO3/ICHCTBHE POTrOBHUIIBI HA N300paKEHNE PaIyKHOH 00OJIOUKH U 3padka Ha IUIOCKOTh, MPOSKLUs N300paKEHHUS paIy’KHOH 000JI0UKU 1
3payka Ha MJIOCKOTb JIOJDKHBI OBITh MOJyYEeHBI OT c(epUuecKoil poroBuilbl (HEe OT IUIOCKOI), KpUBU3HA KOTOPOM COCTaBiIseT 26,2 MM.
IIpu MoaenpoBaHUU MOBOPOT C YTOYHEHHOW MOJENbIo ra3a [6] B auamazone +30 rpaaycoB Ha paayXHOH 000J0YKe HAOIIOIAOTCS
u3rubbl Jgyueid. B rpaHumax auana3oHoB 1moBopoToB oHM jgocturaior 0,6 rpagyca. TeHeHUMM HM3MEHEHHUs 3pauyka M pagy>KHOM
000JIOUKM CXOXH, KaK W MpPH HCIOJB30BAHUM MOJEIH 0O€3 OLEHKH BO3ACHCTBUSL poroBuiibl [6]. 'paduku ropu3OHTATBHBIX,
BEPTUKAJIbHBIX U JMAroHaIbHBIX OBOPOTOB MOX0XKHU MO CBOEH (opMe M 3aKOHOMEPHOCTSM U3MEHEHMs Ha TpaduKy, MOJTydeHHble 0e3
OLEHKH BO3JEeHCTBHs POroBuubl [6] . JIMHA M yron M3MEHSIOTCS MO 3aKOHy Hmapaboibl. PasHuLa 3akiiovaercs B TOM, UTO MCUE3AET
CUMMETpHs TPH IOBOPOTAaX MOJ TEMH CaMbIMH YIJaMH B IIPOTUBOIOJIOXKHBIE CTOpoHBL. Korpga rmas ngemaer NpoCTpaHCTBEHHBIE
BpalleHus, (opMa 3pauka U paayxKHOH 00OJOUKH CTAHOBUTCS OBAJIOM. DTO HYXHO OLEHUTDH IPU BBIYMCIECHUHM KOOPAMUHAT 3PauyKOBOIO
neHtpa. Eciu He olleHHTh M3MEHbI OBOPOTOB, UIMHBI U YIJVIOB B JIy4aX paJy’KHOH 000JOUKH, KOT/a Ija3 JejaeT NpOCTPAHCTBEHHOEe
BpAlllEHHEe, MOXKHO MOJIy4uTh OOJbIIME OMMOKM INpHU BBIYHUCICHHH CKPYUYMBBIX BpAIUEHMH IJa3a, KOTJa IOJb3yeMCs METOJO0M
COOTHOIICHHS TTOAMKCEH pamxykHOi 00omouku. M. 12, 6ubi. 7 (Ha aHMIIMIICKOM S3bIKE; PE3IOME Ha JINTOBCKOM, aHTJTHHCKOM H PYCCKOM
SI3BIKAX).
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