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1.1.2 Dual Mode Theory

The disparity vergence eye movement system has been shown to exhibit complex dual

mode slow and fast components, within responses. The neurophysiology of these

disjunctive movements has been shown to be neurologically independent from conjugate

eye movement [5] (saccadic, pursuit, vestibular, and fixation maintenance). Mays et al

were able to describe the activities of neurons that burst for disjunctive eye movements.

The activity of these burst cells were correlated with vergence velocity, and size of the

vergence movement [5]. The time characteristics allow correction of movements during

their course on the basis of visual information [6]. Semmlow et al isolated signals of

pure disparity vergence responses that match these physiological findings [7]. The Dual

Mode Model has been developed which simulates this behavior [8]. Disparity vergence

uses dual control to obtain both speed and accuracy. The Dual Mode Theory is a two-

component system, comprised of an initiating and a sustaining component. The initiating
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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 [5].

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].
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1.2 Independent Component Analysis

Independent component analysis (ICA) is an advanced statistical technique for

decomposing complex data set vector into components that maximize statistical

independence between components [12, 13]. ICA can be used to solve blind source

separation (BSS) problems. ICA assumes that the components are statistically

independent, have non-gaussian distributions and are linearly mixed [7]. In

mathematical notation this problem can be modeled by the equation X = As + noise.

Where X is the mixed signal matrix where there are at least as many signals as there are

sources, A is the mixing matrix, and s is the component matrix.

Most ICA algorithms go through a preliminary whitening or sphering of the data

X. Sphering is accomplished by linearly transforming the original observed variable (v)

to X (Qv = X ), such that E{XX T } = I . After this whitening process, the separate

signals can be found by orthogonally transforming the whitened signals. This is achieved

simply by rotation of the joint density and scaling the data set. The appropriate rotation
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is sought by maximizing the nongaussian-ity of the marginal densities (shown on the

edges of the density plot) [13, 14]. The linear mixture of independent random variables

is necessarily more Gaussian than the original variables.

Figure 1.3 Signal and joint density after whitening (sphering) operation [14].

The ICA technique requires a number of repetitive responses for the behavior

being analyzed. When ICA is applied to ensemble vergence movement data, it treats

each response (observation) run as a separate mixed signal [7]. There are many popular

ICA algorithms available online as MATLAB script files. This thesis utilized the

"FastICA" algorithm developed by the ICA Group at the Helsinki University.
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1.2.1 Independent Component Analysis : Application

An interesting application of ICA used as a blind source separation (BSS) technique is

the classic cocktail party problem. In this application multiple people are speaking

simultaneously in the same room. The problem is to separate the different voices using

recordings made by multiple microphones placed throughout the room. As long as there

are at least as many microphone, recordings as components ICA can be applied to

separate the individual voice signals. By using an ICA algorithm researchers are able to

separate the various voices into separate signals. Another more practical example of this

application of ICA would be noise reduction [13].

Principal component analysis (PCA) is a technique used for estimating the true

dimensionality of a data set. Principal component analysis works by generating

components that account for as much variability in the data set as possible. PCA also

generates a series of eigen values to describe how much of the data's variance is

contained in that component. A Scree plot (eigenvalue against component number) is

often used to determine how many components ICA should determine. Semmlow et al
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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].
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The inputs shown in table 2.2 were used to create simulated data with the

accommodative component included. The simulated data created using these inputs were

created to be equivalent to four degree experimental LED data taken for two seconds at

two hundred Hz with zero noise. This data includes the hypothesized third feedback

driven component from the accommodative vergence system [10].


