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component is a feed forward, open loop control system, which depicts the system’s
speed. The sustaining component is a feedback, closed-loop control system, which
depicts the system’s accuracy. The initial transient movement of vergence often differs
by as much as a degree or more from the one required for binocular fixation. This error
is subsequently corrected by slow changes in convergence [3]. These slow changes in

convergence have been correlated to vergence tonic cells [9].

This model has been validated by neurophysiological data, which shows burst and
tonic cells exist in the vergence neural circuit. The burst cells correlate to the feed
forward or pulse portion of the vergence model and the tonic cells correlate to the

feedback or step portion of the vergence model [S].

Hung and colleagues studied the difference between disparity vergence with
constant accommodation and disparity vergence with a change in accommodation. Hung
and colleagues studied variance and showed that a significant amount of variance existed
during the transient phase after response latency, which corresponds to the two
components found in disparity vergence. It is hypothesized that there is a third feedback
driven component from the accommodative vergence system [10]. However, their key
finding was in comparing disparity vergence with constant accommodation versus
disparity vergence with a change in accommodation. More variance was found in the
later part of the disparity vergence with a change in accommodation compared to
disparity vergence with constant accommodation suggesting that accommodation is

present during the later steady state portion of the response [11].












determined that for disparity vergence two components represent the majority of
variability of the data based on the knee or breakpoint in the scree plot [2]. The FastICA
package can also be used to generate a plot of eigenvalues versus number of component

to estimate how many components the ICA should blindly separate [15].

1.3 Objective

The objective of this study was to experimentally obtain eye movement data from four
subjects, and analyze this data using independent component analysis. Two types of
controlled stimulus were used to collect this data. The first stimulus type evoked
disparity vergence with constant accommodation. The second stimulus type evoked
disparity vergence with a change in accommodation. Independent component analysis
was used to find the hypothesized accommodative component [11]. This thesis advanced
the understanding of the interactions between the disparity vergence system and the
accommodative vergence system. This knowledge could potentially help people with

accommodative and disparity dysfunction (ex presbyopia).



CHAPTER 2

SIMULATIONS

2.1 Simulated Data Creation

Independent component analysis has already been successfully applied to disparity
vergence data with constant accommodation in multiple studies [2, 7]. Semmlow et al
were able to verify the use of ICA on vergence movement data by comparing ICA results
on simulated data with ICA results on experimental data (disparity vergence data with
constant accommodation). Simulated data was created based on the Dual-Component
model by randomly varying the component width, amplitude and onset time.

For this thesis, two sets of simulated disparity vergence data were created using a
MATLAB script [16]. The program created twenty simulated vergence movements using
the open loop parameter with zero noise. The inputs shown in table 2.1 were used to
create simulated data with the accommodative component suppressed to zero shown in
figure 2.1A. The simulated data created using these inputs were created to be equivalent
to four degree experimental haploscope data taken for two seconds at two hundred Hz.
This simulated data (shown in figure 2.1B) was used to reproduce Semmlow et al’s work

with ICA to two components [7].






