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ABSTRACT

In 1849, duBois-Reymond discovered that a potential difference exists between the
cornea and the retina of the human eye, permitting the eye to be electrically
characterized as a rotating dipole. Whenever the dipole changes its position the
surrounding electric field is altered. Skin electrodes placed around the eye, can record
the electric field change, which is called electro-oculogram (EOG). The EOG is
clinically used to monitor eye movements, nystagmography and in the diagnosis of
vision abnormalities. Besides its clinical use, EOG is used for eye-tracking, gaze-
control and other novel eye-movement control applications. Appropriate models and
analytical solutions are of considerable importance for non-invasive investigation of
the electric potential distribution in the head and eye region as well as in inner
tissues. So far such models do not exist. Information about the effect of the tissue
conductivity and head size on EOG signals are missing too. This study was a response
to the above needs and also to study the asymmetry nature of the EOG signals.
Objectives of the thesis were as follows:

l. The main objective of this thesis was for the first time: to propose an
eccentric spherical model for the head and eye; to derive required analytical-
mathematical equations in spherical coordinates; to solve for the electric
potential distributions in the head region generated by corneo-retinal constant
bioelectric source and to validate the model by comparing the results to
measured EOG values.

2. The second objective was to investigate the effect of different tissue
conductivity change on EOG signals. Also the effect of the head size on EOG
signals was studied.




3. Third objective of the thesis was to study and analyze the presence and the
structure of the asymmetry in EOG signals recorded for saccadic horizontal
eye movements.

An eccentric spherical model was proposed to represent head, eye and constant
bioelectric source of the eye. Using Laplace’s equation, a set of mathematical
equations for electric potentials in different compartments of the model was derived.
Boundary conditions were applied and unknown coefficients were defined. Analytical
solution was provided and the complex matrix was solved for determining the
unknown coefficients. Experimental part of the study composed of EOG and video-
oculographic (VOG) measurements carried out for 6 subjects.

The solution of the proposed model described the electric potentials not only on the
surface of the head but also inside the head and eye tissues, where measurement is not
practically possible. Calculated results were in good agreement with measurement
results. The solution besides providing detailed quantitative information about the
electric potentials in the entire head region gives an insight about the quantitative
meaning of bipolar and unipolar EOG recordings. The solution also suggests that all
points located in the ear or points further to the back of the head are in the same
electric potential level.

Possible clinical application of the model includes examination of retinal
degenerations such as Best’s diseases by using the relationship between the measured
EOG signal and extension of the retina layer in the model. The model has
indispensable value in easy evaluation of the electric potentials and will be very much
appreciated in the eye movement’s research field. Example of non-clinical
commercial applications of the model include, systems for assisted mobility and EOG
eye-controlled interfaces in general by providing quantitative data about the electric
potentials, linearity and sensitivity of the EOG method.

The results of conductivity variation and head size effect on EOG signals suggest that
the changes in the EOG signals for most of the considered tissue variation cases are
marginal. Among all tissues in the head, the variation of the conductivity of the extra-
ocular tissues has the largest effect on the signals recorded from different points on
the surface of the head and eye region. Changing the head size, significantly affect
potentials measured from the backside of the head. The clinical application of results
of the second part of the study includes the correct interpretation of the EOG signals
recorded from individuals differing in gender, age and health status.

Analysis of the EOG and VOG measurement results suggest that the asymmetry exists
in saccadic horizontal eye movements for all measured angles. The asymmetry is
more significant when the EOG signals, measured from the same electrode for
opposite horizontal saccades were compared. The overall conclusion of third part of
the study is that the asymmetry and differences in the EOG signals have their origin
in different velocity profiles rather than bioelectric source in the retina. The saccades
of the abducting eye (eye moving away from nose) show in general a shorter time



constant, larger size, a higher peak, a shorter duration than the adducting (eye moving
toward nose) saccades.




LIST OF SYMBOLS AND ABBREVIATIONS

Symbols

A Surface area

d Distance

E Electric field

dQ Solid angle

n Unit normal vector

0] Origin of the Cartesian coordinate system
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ds Differential surface element

IFFT Inverse Fast Fourier Transform
FFT Fast Fourier Transform
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