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Introduction

In videooculography torsional eye rotations are
calculated using image of iris signature [1, 2]. Previous
research works [3, 4] have considered the influence of
cornea optics throw linear transformation of iris image.

Analysing pictures taken using videooculography we
observed changes in the shape of pupil and iris in them [5].
Distortion of the image of iris can be caused by cornea
serving as an optic lens, that causes non-linear distortion
[6, 7]. The above-mentioned facts can influence the quality
and accuracy in registration of torsional eye movements in
cases when iris is used to calculate torsion.

The purpose of this research is to determinate eye
torsion by videooculography including cornea optics.

Method

The influence of corneal optics to the iris and pupil
picture we will reach using mathematical model of corneal
optics [6, 7]. The eye is made of mediums having different
refraction indices. The rays refract getting over the
boundary of mediums with different refraction indices.
After the ray propagation 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.
The iris image has non-linear transformation. We
estimated this iris transformation [6, 7]. After the
calculation, there are got the iris image points.

In previous work [5] we developed mathematical
model of eye iris image formation on the plane. In that
model there were not estimated corneal optics influence, so
we will correct the model using the results of other
researches [6, 7]. We established what influence cornea
has on location of the iris image points, when eye makes
rotations (see Fig. 1).
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Fig. 1. The location of iris image points (cross-section view) in
primary eye position (0 deg.), after eye rotation up (30 deg.) and
down (-30 deg)

The surface of iris image could be approximated by
the third degree polynomial using least squares method:

z(x,y) = a +a1x+a2y+a3x2 +ayxy+
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here X, y, z — coordinates of the iris image points, a; —
coefficients, which depend on & (horizontal rotation angle
of the eye) and ¢ (vertical rotation angle of the eye). We
can find polynomial approximation of a; coefficients on
eye rotation angles also by the third degree polynomial:
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When eye makes rotations, changes are symmetric in
the image of the iris and they originate in direction of the
rotations [6, 7]. We can use dependence on 6 (horizontal



rotation angle of the eye) only, because eyelids cover iris

in vertical direction and this disturb to calculate torsional

eye rotations, when we use iris signature for it. So, it’s

possible equation (2) express in simpler way:

a;(0) = by + b0+ b0 +b36° . 3)

We use MATLAB™ for all calculations. Three—
dimensional image of the iris is presented in Fig. 2

Fig. 2. Three — dimensional image of the iris, including cornea
optics, when eye is in primary position (0 deg.)

We used a mathematical model of three -
dimensional eyeball and derived from it a mathematical
model of formation of image of the iris on the plane [5].

Changes of distance between iris signature points and
centre of the pupil, when eye makes rotations of § angle
are presented in Fig. 3. Here y, (axis X) — distance between
centre of pupil and points of image of the iris in primary
position (0 deg.) and y, (axis Y) — distance between centre
of the pupil and points of image of the iris eye makes
rotations of @ angle. We calculated approximations of these
functions dependence using third degree polynomial:

“4)

here a; — coefficients, which depend on 6 (horizontal
rotation angle of the eye: left (30 deg.) and right (-30
deg.)).
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Fig. 3. Changes of distance between iris signature points and
centre of the pupil, when eye makes rotations of a angle

So, we can make conclusion that when eye makes
rotations dependence of function y,(yy)) becomes non-
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linear. Nonlinearity depends on distance between centre of
pupil and points of image of the iris and it increase from
centre of the pupil to limbus (cornea-sclera junction).

If we want to determinate eye torsion by
videooculography using iris signature and including cornea
optics, we must make the interpolation of image of the iris.
We can use dependence y,(y,) as function for interpolation
of it. Algorithm of the interpolation of image of the iris is
presented in Fig. 4. We create model of the eye using
parameters of real eye. In videooculography these
parameters are expressed in pixels, but we use millimetres
in model of the eye. So, we must transform model from
millimetres to pixels. It’s needed to calculate coefficient:

k :iﬂ; 5)
px
where R,,,, — parameters of the eye in millimetres and R, —
parameters of the eye in pixels.

Estimation of angle # and coefficients a;
a, =b,,+b,0+b,0%+b,0°;
v
Estimation of function y (y ) = a, +a,y, + a,y," + @, ;
v
Estimation of coefficient £ and shifting from millimeters to
pixels.
v
Interpolation of N image of the iris using function of
interpolation y,(vy)

Fig. 4. Algorithm of the interpolation of image of the iris

Suggested method for determination of eye torsion by
videooculography use sections from image of the iris (see
Fig. 5).
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Fig. 5. Image of eye and selected sections of iris, which are used
for torsion evaluation
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We rotate eye ball (see Fig. 6) by angle a (range —
0=£10 deg. and step — a=2.5 deg.) using quaternions
mathematics around the axis, which go throw centre of the
pupil and is perpendicular to pupil plane. After we
calculate correlation coefficients of sections from image, in
which do torsion evaluation, with sections of simulated
image. We assume, that torsional angle of eye is the angle
a, where correlation coefficient has peak. Reference
sections of the iris, which is used for calculating



correlation coefficients, are selecting during calibration
procedure, when eye is in primary position (0 deg.).
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Fig. 6. Image of eye and rotations of selected sections of iris,
which are used for torsion evaluation
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Fig. 7. Algorithm of torsional eye movements’ evaluation system
Results
The models, with taking and without taking cornea

optics into consideration, were applied to simulate the
images of eye, when it performed horizontal rotations.
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Simulated images were compared with experimental eye
images by testing position of pupil centre, forms of
contours of iris and pupil, iris segments and elements of
iris signature. During experiment nine patients (six male
and three female) sited before screen with red light LEDs.
The LEDs were switched on by random order in
horizontal, vertical, and diagonal direction.

The results of comparison of the pupil centre position
show that when cornea optics was considered the error
decreases in average by 0.7 degree. If influence of cornea
is not taken into consideration, the error increases together
with the increase of rotation angle. Performing the rotation
every 5 degrees, the error of pupil centre increases every
0.23 degrees. It indicates that contribution of cornea optics
can be considered if the radius of eyeball is increased by
4.6%

Errors of model, when influence of cornea optics was
taken into consideration, are of similar value, when
horizontal, vertical and diagonal movements are
performed. This is the proof, that a model with an average
error 0.55+0.25 degrees along the movement direction
simulate the position of pupil centre is suitable for any type
of movement. In all fixations considerable large dynamic
ranges (average 0.51 degrees) and standard deviation of
result (average 0.25 degrees) are observed and this shows
influence of micro movements during fixations and
individual visual system characteristics of subjects
participating in experiments. We observed no considerable
difference between male and female subjects, but we
noticed differences of individual character. Construction of
the model is based on average parameters of human eye.
Inadequacy obtained may be caused by accuracy of the
experiment itself and the videooculography registration
system as well as by head movements during the
experiment.

Comparison of suggested videooculography method
based on Listing planes with that of ,,Chronos* proves that,
the new method reduces standard deviation (STD) by
~15%. An STD of Listings plane of two patients (EP and
GD) is presented in Fig. 8.
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Fig. 8. STD of Listing planes, when suggested and
,,Chronos® methods are used

Conclusions
Influence of optical characteristics of cornea on

formation of image of iris and its signature is evaluated. A
mathematical model of optical characteristics of cornea is



created for this purpose. The nature of changes in
geometric parameters of pupil, iris and its signature
images, when the rotation of eye is performed, is analysed.
We concluded that optical characteristics of cornea
influence iris and its signature images and those distortions
should be considered when calculating torsion by the
method of correlation of signature of iris.

Mathematical model of formation of image of iris
on the plane is created. It evaluated the influence of optical
characteristics of cornea on the process. We drew the
conclusion that the results of modelling fairly well
correspond the experimental results (0.55+0.25 degrees)
and this model can be used for calibration of 3D eye
movements and calculation of torsion. This enabled us to
develop new method for calibration of videooculography
systems.

More robust videooculographical method to register
torsional movements of human is created. It evaluates the
influence of optical characteristics of cornea on the image
of iris. This model reduces standard deviation of points on
Listing planes on average by =~ 14% in comparison with
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Influence of optical characteristics of cornea on formation of image of iris and its signature is evaluated. A mathematical model of
optical characteristics of cornea is created for this purpose. The nature of changes in geometric parameters of pupil, iris and its signature
images, when the rotation of eye is performed, is analyzed. We concluded that optical characteristics of cornea influence iris and its
signature images and those distortions should be considered when calculating torsion by the method of correlation of signature of iris.
Original videooculography method to register torsional movements of human is created. It evaluates the influence of optical
characteristics of cornea on the image of iris. This model reduces standard deviation of points on Listing planes on average by
approximately 14% in comparison with previously used methods. Thus, it is significant to consider the influence of optical
characteristics of cornea on image of iris when calculating torsional eye movements by the method of correlation of signature of iris. I11.
8, bibl. 7 (in English; summaries in English, Russian and Lithuanian).

E. Paliulis, G. Daunys. OnpejejieHHe TOpUEeBbIX ABH:KEHHI IJa3a B BHAEOOKYJIOrpaduu C y4eTOM ONTHYECKHX CBOWCTB
poroBunbl // JaeKTPOHUKA U 3jeKTpoTexHuka. — Kaynac: Texnonorus, 2006. — Ne 5(69). — C. 83-86.

OLeHEHO BIMSHHUE ONTHYECKHX CBOMCTB POTrOBUIIBI NPH (HOPMHPOBAHMH H300paKEHHs Paay’KHOH OOOJOYKM U €€ CHIHATYpBI.
Maremaruueckass MOJETb ONTHYECKHX CBOICTB POrOBUIIBI ObLIa co3jaHa Juii 3TOM menu. IIpoBeneH aHamu3 3aKOHOMEpPHOCTEH
HM3MEHEHHs T'€OMETPHYECKHX MapaMeTpoB H300paXeHWH 3pauka, paayKHOH OOOJOYKH M €€ CHIHATypbl, KOTr[a IJa3 COBEpLIaeT
noBOpOThI. ONpeeNeHo, YTo NPH BLIMOJIHEHUH IJ1a30M ITI0BOPOTOB, H300paskeHHEe pajlyKHOH 000JI0UKH, @ TEM CaMbIM M €€ CUTHATYpa,
HCKa)XalOTCS W 3TO HAJ0 YYUTHIBATh IPH IPOBEICHUM W3MEPEHUH TOPLEBBIX ABIKEHHH IJla3a METOJOM KOPPEISINU CHTHATYPbI
panyxHoit o6onouku. Co3naH yHUBEPCANIbHBIH BHICOOKYJIOrpadMYeCKMi METOJ JUIi PErHCTPAlMU  TOPLEBBIX JBHKCHUMH
YEJIOBEUECKOTO IJ1a3a, KOTOPHI YYMTHIBAECT BIIMSHHE ONTHYECKUX CBOMCTB POTOBHUIIBI. DTa MOJEIbh YMEHBIIAeT pa3dpoc Todex
iockocT JIMCTUHTa MO CpaBHEHHHM C paHbIIE MPUMEHSIEMBIMU MeToaMu B cpeaneM Ha 14%. Takum o0pa3oM CTaHOBUTCS SICHO, 4TO
HEOOXOIMMO yUYMTHIBATh BIMSIHHE ONTHYECKUX CBOWCTB POrOBUIII TP MOJASIMPOBAHUU M300pa)KeHHs palykHOH obosouku. Wi §,
6161 7 (Ha aHTTIMIACKOM SI3BIKE; PE3IOME Ha AHTJIMIICKOM, PYCCKOM U JIHTOBCKOM $13.).

E. Paliulis, G. Daunys. Akies sukties judesiy nustatymas videookulografijoje atsiZvelgiant | ragenos optines savybes //
Elektronika ir elektrotechnika. — Kaunas: Technologija, 2006. — Nr. 5(69). — P. 83-86.

Ivertinta ragenos optiniy savybiy itaka rainelés ir jos signatiiros atvaizdo susidarymui. Siam tikslui sukurtas ragenos optiniy savybiu
matematinis modelis. ISnagrinéti vyzdzio, rainelés bei jos signatiiros geometriniy parametry kitimo désningumai, kai akis daro stikius.
Nustatyta, kad dél ragenos optiniy savybiy jtakos rainelé bei jos signatiira iskraipomi ir, skaiciuojant sukties judesius rainelés signatiiros
koreliacijos metodu, { tai reikéty atsizvelgti. Sukurtas originalus Zmogaus akies sukties judesiy registravimo VO metodas, jvertinantis
ragenos optiniy savybiy itakg rainelés atvaizdui. Toks modelis vidutiniskai apie 14% sumazina Listingo plokstumy tasky sklaida,
palyginti su anks¢iau naudotais modeliais. Taigi, skaiCiuojant akies sukties judesius rainelés signatiiros koreliacijos metodu, svarbu
ivertinti ragenos optiniy savybiy itaka rainelés atvaizdui. Il. 8, bibl. 7 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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