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Summary/Abstract:

The EOG readings on the horizontal plane for instantaneous eye movement were -0.16 mV from center to left, and 0.17 mV from center to right.  The depth test showed no significant difference between near and far voltage measurements, with T-stat values ranging from 0.96 to 1.69 and a T-crit value of 1.86 at 95% confidence and three degrees of freedom.  For continuous eye motion trials, moving at 7°/s, the relationship (x = viewing angle, y = voltage change
) between eye position and EOG voltage was established to be y = .0118x ± 0.0211 (R2 = 0.972)
 for left to right movement and y = 0.0117x ±.0133 (R2 = 0.970) for right to left movement. With a ±2.09° error, the relationship between eye position and EOG voltage can be expressed as the formula: y = 0.0111x+0.058.
  In comparing continuous eye movement against fatigue trials, for dv/dt vs. time, left to right motion produced average and minimum absolute value intercepts of 0.114 and 0.0715, respectively, and corresponding values of –0.110 and –0.0896 for right to left motion.  The dv/dt of the fatigue trials yielded average and maximum absolute value intercepts of 0.0309 and 0.0347 when looking left, respectively, and –0.0273 and –0.0315 looking right.  The distinction value between decay and eye movement was dV/dt = 0.05 mV/s.
  The slopes for the different subjects with 95% confidence intervals were 0.0113 ± 0.0585, 0.0107 ± 0.0498, and 0.0113 ± 0.0658. All slopes lie within each others 95% confidence intervals and are therefore not statistically different: reflecting reproducibility.
Objectives:

In this experiment, the relationship between the EOG and eye positioning was calibrated to determine the feasibility of using EOG as the basis of a system for the location of focus of the human eye within the range of a computer screen.  To determine reliability in this correlation, the reproducibility of the EOG results for different trials of a given subject, and those for multiple subjects will be compared. The three specific aims of the experiment are as follows:

1. To calibrate and determine the formulaic relationship of the change in EOG signal voltage versus eye focal position within a horizontal range of -17.6° to +17.6°, at a distance of 19.7 inches (50 cm) from the screen.

2. To obtain the focus point within an accuracy of ±1° in the horizontal direction using the voltage measurements gained from the Biopac PRO software, where 1° represents a variation of 0.33 inch (0.84 cm) on a 14 inch (35.6 cm) monitor.

3. To test the precision of the formulaic relationship versus random eye positions for the same subject and different subjects.

By obtaining the relationship between EOG and eye focal position, a fundamental principle will be established for the creation of system to estimate eye position on a computer screen. 

Background:

EOG technology has been used in various applications in determining the focal position of the eye.  This has been applied to such uses as controlling a wheelchair via looking in a particular direction.   By enabling directional control without use of the hands, this application would aid paraplegic patients in functioning somewhat independently.  A company looking to create a "look-and-click" system designed to supplement, and possibly replace, the traditional "point-and-click" mouse system is “funding” this experiment. They seek to explore the possibility of employing EOG to implement this program. In this project, the feasibility of tracking eye movements with EOG, to be used to coordinate locations on a computer screen, will be explored. 
Theory:

The EOG will consistently produce results that reflect the deviation of the focus point from the origin in terms of a linear deviation of the EOG value from the EOG value of the origin if all but one variable, i.e. horizontal deviation, are held constant.  By taking an initial calibration of voltage output to angle relation for each day of experimentation, the horizontal component of the focal point can also be consistently obtained within ±1° accuracy.

MATERIALS:

· BIOPAC MP30 data acquisition unit

· BSL PRO software

· 19.7” Plastic pipe

· Yard stick, rulers, compass

· Permanent Marker

METHODS:


For data collection the electrode placement set up was obtained from the BIOPAC lesson 15.  The placement is depicted in Figure 1.  The set up involves 3 electrodes per channel, where one channel is used to measure lateral and medial recti contraction for horizontal eye movement and the other channel measures superior and inferior rectus muscles for vertical eye movement

The setup is the following:

CH1 Lead  Setup   Lead Color   CH2 Lead  Setup
 Left Eye                        White            Below the Eye

 Right Eye                       Red               Above the Eye

Forehead                        Black                    Forehead

In order to collect data that was reproducible and comparable to other trials, all other variables except for the angle had to be eliminated and made into parameters.  This feat was accomplished through the following arrangement as depicted in Figure 2.  The distance from the screen was held constant at a value of 19.7” (50 cm) and the screen’s center was marked being 6.5” (16.51 cm) from the horizontal edges and 4.5” (11.43 cm) from the vertical edges. This yielded a horizontal viewing angle range of ±17.6° and a vertical viewing range of ±12°.  For discontinuous calibration and determination of a voltage vs. angle relationship a PowerPoint slide was created that showed circles on different sections of the screen with constant distances from each other of 8.5° horizontal viewing angle.  These dots would appear and disappear in constant time intervals of 1 second.  With the head held in a fixed position the eyes followed each dot and the change in voltage was then related to the positional change in degrees.  This test was repeated multiple times for the same and different subjects.  The continuous measurements were collected by having the subjects’ eyes follow a dot back and forth from left to right and back for a few runs and the direct rate of change of the voltage was related to the full viewing angle range of 34°.  Methods to test our calibration were employed and involved several different tests: 

1. The calibration test: Test subject picked 4 points and precalculated the angles without divulging the values to the other lab members.  Then voltage measurements were taken at those angles.  Using the previous calibration the voltage readings were related to an angle values and those angle values were compared to the pre-calculated angle values of the subject.

2. Fatigue test: The voltage reading was taken for the unstrained eyes staring straight ahead.  Then, the subject looked to the far horizontal edge of the screen and the voltage decay vs. time was recorded until the voltage returned to the unstrained number.

3. Absolute change vs. position Test: The same procedure as for the calibration was undertaken, but with different starting points to see if the voltage readings correlated to absolute angle changes or to the viewing positions on the screen.

4. Depth Test: The objective of this test was to investigate whether large differences in distance have a significant impact on voltage readings.  The calibration test was done at a distance of 10” (25.4 cm) and compared to the one done at 19.7” (50 cm).

RESULTS:

To determine whether the voltage reflected the absolute angular position or whether the voltage change reflected the angular change, three different discontinuous eye movement scenarios were run, where the subject started at the left, center, or the right and then proceeded to the other points in turn.  The overall averages reflecting the instantaneous voltage output reading (t = 0.05 sec) with standard deviations are -0.170 ± 0.035mV, -0.011 ± 0.052mV, and 0.154 ± 0.065mV for Left, Center, and Right positions, respectively, as detailed in Table 1. Furthermore, the average voltage changes from one position to another, as shown in Table 2, are –0.159 ± 0.036mV, and –0.166 ± 0.030mV for left to center, and center to right movements, respectively. 

An important observation during these trials was that if the subject’s eyes were moved either left or right and held, the voltage decayed back towards zero. Once the eyes were moved back to a center position, the voltage peaked again in the proper positive (if moved to the right) or negative (if moved to the left) direction.


The voltage vs. angle calibrations performed for Andrew Chen week 1 and week 2 and for Luan Vo were tabulated and graphed.  Figure 1 shows the voltage vs. angle relationship to be a linear and reproducible function when time between eye movements is short (less than 1 second). Furthermore, the slopes for Andrew Chen week 1, Andrew Chen week 2 and Luan Vo with 95% confidence interval were 0.011 ± 0.00292mV/º, 0.0107 ± 0.00359 mV/º, and 0.0113 ± 0.00274 mV/º, respectively. All slopes are within each other’s 95% confidence intervals. These same slopes can also be used to correlate angular change with voltage change, based upon the slopes.

The effect of distance on voltage was tested to examine the effects of strain and slight deviation from the standard 19.7” distance from the screen. As seen in Table 3, the voltage readings for far and near distances with left, center, and right eye positions yielded the t-stat values of 0.965, 1.09, and -1.70, all of which are below the t-critical value of 1.86. This indicates that they are not significantly different. 

Figure 2 shows the results for the unknown angle correlation to the predetermined calibration for each trial. The linear results for each trial were plotted and slopes with 95% confidence intervals were found to be 0.0105±0.0021 mV/º, 0.0119±0.0054 mV/º, and 0.013±0.0066 mV/º.  The calibration with slope 0.0111mV/º was within each confidence interval. The unknown pre-picked viewpoint voltage measurements were correlated to angle values using the calibration. The deviation of these angle values to the expected angles ranged from 0.25º to 8.09º, where the median is 2.09º and the mean is 3.44º.

To analyze continuous eye movement, the subject was asked to view a dot as it moved in a pendulum-like movement from the left edge of the screen to the right edge of the screen over a period of 5 seconds at a constant horizontal speed, a rate of approximately 7º/s. The dot then paused at the edge of the screen for 0.5 seconds, and repeated the motion in the other direction, and finally repeating the entire motion one more time. This exact relationship in horizontal position versus time was used to relate voltage with angle, as shown in Figure 3. The motions are very closely approximated estimated by a linear relationship, with all R^2 values greater than 0.95. The averages and standard deviations of the slopes, intercepts, and R^2 values of these linear trend lines are shown in Table 4. The average left-right motion and right-left motion exhibited slopes of 0.0118 ± 0.00173mV/º and 0.0117 ± 0.00231mV/º, respectively, a difference of 0.66%. The intercept of the left-right motions and the right-left motions were 0.0211mV and –0.133mV, a difference that may be due to a small amount of fatigue during the 0.5 second pause. Regardless of the cause or the magnitude of the difference, only an algorithm that analyzes continuous eye movement will use the change in voltage and not the absolute voltage.

To differentiate between continuous eye movement and fatigue, the change in voltage versus time must be continually analyzed to see if the rate of change is greater than that of fatigue. Using the data for each case, the value of dv/dt was created using the Excel “linest” function and 0.2 seconds of sampling time, and this first derivative was then graphed versus time, yielding the second derivative of voltage with respect to time, as shown in Figure 4. The Y-axis intercept of this second derivative for continuous eye movement had an average of 0.114mV/s and -0.110mV/s for left-to-right and for right-to-left movements, respectively. Furthermore, the minimums of the absolute values of the intercepts were 0.0715mV/s and 0.0896mV/s, respectively. For the case of decay, the average intercepts were 0.309mV/s and –0.0273mV/s for left and right eye positions, respectively. The maximums of the absolute values of the intercepts were 0.0347mV/s and 0.0315mV/s, respectively.

ANALYSIS AND DISCUSSION OF RESULTS:

In this experiment the main objective was to determine the practicality of using Electrooculocardiogram (EOG) for the determination of the location of the focus of the human eye within the range of a computer screen (-17.6° to +17.6° on a horizontal axis at a distance of 19.7 inches (~50 cm)) for an eventual “look-and-click system” (see background and Figure 2).  Through using Biopac PRO software and the Biopac MP30 acquisition unit, a formulaic relationship between the measured EOG signal (mV) and the position of the eye (degrees from a central 0° axis of orientation) with an accuracy of ±2.09° in the horizontal direction was developed and tested.


Two types of movement, fast discontinuous movement and slow continuous movement, were investigated in establish whether or not the Biopac software and hardware could be utilized for this experiment.  In general, the main factors considered in order to analyze discontinuous and continuous movement in a “look-and-click” system, are distance from the object/computer screen, size of the visualized object, and location of the object (horizontal position).  Under discontinuous movement (see methods for process of simulation), distinct EOG signals were observed for the instantaneous movements of the eye to each different position, reflected in degrees of degrees of deviation from a central, vertical 0° axis of orientation (Figure 3).  PowerPoint was used in order to simulate a smooth slow continuous pendulum-type movement across the computer screen of focus with the slowest velocity of horizontal movement at 7°/s.


One observed problem which affects the EOG voltage reading vs. angle of position relationship is decay of the EOG voltage signal.  Since decay, like movement, causes a shift in the voltage signal back towards zero mV, any developed software using the Biopac unit to determine position as a function of the voltage signal must be able to distinguish between movement and decay so that all irrelevant voltage changes are discarded as decay.  In order to make this distinction between relevant and irrelevant voltage change, the y-intercept of the first derivative graph of the voltage signal with respect to time was investigated, because a dv/dt y-intercept limit between movement and decay was statistically and graphically (Figure 6) determined to be 0.05 mV/s.  If the y-intercept of dv/dt of an instantaneous voltage change was less than the greatest possible dv/dt during the decay period (0.05 mV/s with a safety factor of 1.5), which occurs at this period’s initiation, then the change in voltage should be disregarded as decay and not as movement.  If the y-intercept of the plot of dv/dt vs. t was greater than the y-intercept of dv/dt vs. t. for decay, then the software recognizes this voltage change as movement.


Under longer periods of time when decay begins to affect the voltage readings, voltage change opposed to set voltage values were investigated to determine if they were consistent, reflecting the magnitude of movement of position as a voltage change, when set voltage to position values were not.  It was found that voltage change is consistent from trial to trial, while set voltage readings were not.  Due to decay the voltage readings were not consistent from trial to trial, though it was still representative of the position in each isolated trial.  As such, the magnitude of the voltage, unlike the magnitude of the voltage change, cannot be used as a consistent, reliable basis of determining position under the influence of decay.  This influence shifts the graph of voltage vs. time between trials.  It causes voltage magnitude to be inconsistent with position.  An example of this event is after a subject’s eyes were moved either left or right, the voltage decayed back towards zero, and once the eyes were moved back to a center position, the voltage peaked again in the proper positive (if moved to the right) or negative (if moved to the left) direction.  Decay caused the center (0°) axis of orientation to no longer correspond to a voltage value of ~zero mV.  For the discontinuous and continuous movement, it was determined that since trials were done in a time period not significant enough to allow decay to shift the voltage vs. position graph (20 sec), it was possible to generate a voltage vs. angle relationship as opposed to a voltage change vs. angle relationship (Figures 3 and 5).


Other factors of depth and fatigue were investigated in order to determine if they affected the determined voltage vs. angle of position relationship, since it was thought that the strain of the subject’s eye might affect any measured EOG voltage signal.  As such, three different positions (-17.6°, 0°, and +17.6° on the horizontal axis) at two different depths of vision, 19.7 in (50 cm) and 10 in (25.4 cm), were investigated and found to not be statistically different.  The t-stat values, 0.965, 1.091, and -1.696, for all the positions of left (-17.6°), right (+17.6°), and center (0°) for both of the near and far scenarios, were below their respective t-critical value, 1.860 (Table 3).  However, while this analysis reflects that the scenarios of near and far are not statistically different within their 95% confidence intervals, it does not therefore imply that they are exactly the same (i.e., among the remaining 5% interval).  This remaining 5% might be further investigated in the future using refined data acquisition methodology and equipment.  Regarding fatigue, a 0.2 sec sampling rate was eventually used in order to produce a dv/dt vs. time graph (Figure 4).  The y-intercept is within a small deviation from zero.  Furthermore, if the y-intercept is above the previously stated limit of 0.05 mV/s it is a slow change due to continuous eye movement; decay is reflected when the y-intercept is below this limit.


For the determination of the relationship and precision of voltage vs. angle (position) of the eye for both discontinuous and continuous movement, a linearized voltage vs. angle equation was generated (Figures 3 and 5).  Initial calibration trials were run for each subject in order to have a standardized setup for each individual.  The method of calibration (reflected in methods) was consistent in all respects.  For relationship comparison between individuals, the individual slopes of 0.0113± 0.0585, 0.0107 ± 0.0498, and 0.0113 ± 0.0658.  All slopes lie within each others 95% confidence intervals and are not statistically different, thereby reflecting reproducibility and precision.  As such all data from the individuals’ sets of data was combined into one data set to establish an overall and more accurate relationship.  The obtained relationship with respect to all trials was y = 0.0111x+0.058, where x = viewing angle (degrees), y = voltage reading (mV).


Finally, in order to test the relationship of voltage vs. angle (position) of the eye, one subject pre-picked four viewpoint angle positions and their corresponding voltage values were recorded.  These voltage values, without their corresponding angles of position, were then given to the remaining group members, who were then given the task to determine the angles of position with the previously determined voltage vs. angle measurement relationship.  Correlating between the unknown angle and voltage, the predetermined formulaic relationship functioned as the calibration since the slope of 0.0111 was within the confidence interval of all tested subjects (Figure 4).  The unknown pre-picked viewpoint angle measurements were then correlated to angle values using this calibration.  The deviation of these angle values to the expected angles was found to be ±2.09°, ±0.7 in (±1.778 cm).


Recommendations for improvement are refining the determination of accuracy and precision through such means as changing voltage hardware/software gains or even more the method of interface between the subject and the data acquisition equipment in order to exaggerate voltage differences among positions.  Contrary to determining horizontal position, obtaining vertical position with the given equipment and possible software gains was not an achievable goal.  There were too many other interfering factors, such as blinking and the stimulation of the many other muscle group above and below the eye.  As such, under other circumstances of allowable methods of interface, other interfaces, possible even smaller diodes, might be used.  Voltages as opposed to voltage changes were used for this experiment, however in order to remove decay and maintain constant values of voltage reflecting eye position, an ac differential amplifier circuit could be used with a high pass filter on the level of magnitude necessary so the main voltage signal is not filtered out as done in a similar EOG experiment (see references).

Conclusions:

1. A relationship between horizontal angular change versus EOG Voltage change can be represented within ±2.09° through the formula: 


y = 0.0111x+0.058, where x = viewing angle, y = voltage change.

2. The distinction value between decay and eye movement (at >= 7°/s) was found to be at dV/dt = 0.05 mV/s.

3. The slopes for the different subjects with the 95% confidence intervals were 0.0113 ± 0.0585, 0.0107 ± 0.0498, and 0.0113 ± 0.0658. All slopes lie within each others 95% confidence intervals and are therefore not statistically different: reflecting reproducibility. 
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APPENDIX:

Table 1: Collected and Analyzed Data in order to examine if the Voltage reading is representative of position

	Averages of Position vs. Instantaneous Voltage (t = 0.05s)

	 
	Position (mV)

	Test Start Position
	Left
	Center
	Right

	Left
	-0.133
	0.010
	0.147

	Center
	-0.173
	0.027
	0.223

	Right
	-0.203
	-0.070
	0.093

	Overall Average
	-0.170
	-0.011
	0.154

	Standard Deviation
	0.035
	0.052
	0.065


Table 2: Collected and Analyzed Data in order to examine if the Voltage change is representative of position change
	Avg. of Position vs. Instantaneous Voltage Change (t = 0.05s)

	 
	Movement (mV)

	Test Start Position
	Left to Center
	Center to Right

	Left
	-0.143
	-0.137

	Center
	-0.200
	-0.197

	Right
	-0.133
	-0.163

	Overall Avg
	-0.159
	-0.166

	Standard Deviation
	0.036
	0.030


Table 3: Analyzed Data of Three Different Trials of Near EOG vs. Far EOG in order to analyze the significance of Depth on Voltage

	Depth Test - Near (10 inches) vs. Far (19.7 inches)

	Averages (mV)

	
	Left
	Center
	Right

	Near
	-0.290
	0.030
	0.336

	Far
	-0.302
	0.016
	0.347

	T stat
	0.965
	1.09
	-1.70

	T critical
	1.860
	1.860
	1.860


Table 4: Averages and Standard Deviations of Linear Trend lines for Continuous Eye Movement

	 

 
	Left-to-Right Movement (mV/º)
 

 
	Right-to-Left Movement (mV/º)
 

 

	
	Slope
	Intercept
	R^2
	Slope
	Intercept
	R^2

	Average
	0.0118
	0.0211
	0.973
	0.0117
	-0.0133
	0.970

	Std. Dev.
	0.00173
	0.0349
	0.0119
	0.00231
	0.0386
	0.0143


Table 5: Values of the Y-axis Intercepts of the Graphs of Voltage vs. Time for Continuous Eye Movement and Fatigue

	Intercept of the dV/dt (mV/s)

	Continuous Eye Movement
	Average
	Max
	Min

	Left to Right
	0.114
	0.165
	0.0715

	Right to Left
	-0.110
	-0.0896
	-0.1446

	 
	 
	 
	 

	Fatigue
	 
	 
	 

	Hold Left
	0.0309
	0.0347
	0.0273

	Hold Right
	-0.0273
	-0.0244
	-0.0315
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Figure 2:

Figure 3: Test of reproducibility of the calibration amongst the same and different subjects
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Figure 4: Comparison of unknown pre-picked viewpoint angles from calibration to the expected angles
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Figure 5: Sample graph of Voltage vs. Angle Relationship for Continuous Eye Movement 
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Figure 6: Sample graph of dv/dt for Continuous Eye Movement
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