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INTRODUCTION

Some time ago, the so-called Eye-Letter-Selector was developed and built in the
Biophysical group (Frietman and Willems 1974, van den Dool and Vastert 1975). This
is a device that enables communication for severely paralyzed patients who still
possess oculomotor control. Using horizontal eye movements, characters are

selected from a 6x6 matrix in the following way:

Looking to the left, i.e., beyond an adjustable (trigger) threshold, initiates the periodic
illumination of the individual vertical columns at a certain frequency. When the
column containing the desired letter is reached, looking to the right stops the
illumination. This is followed by a similar procedure for the desired horizontal row.

The selected character is then printed.
The illumination frequency determines the maximum typing speed.

This selection procedure places minimal demands on the patient's eye movement
system and requires only horizontal eye movement detection, but it is slow. After
optimization, the maximum typing speed for healthy test subjects was found to be

15-20 letters per minute (ter Haar Romeny and Tenkink 1976 and 1977).

The idea of using direct gaze at the desired character for a certain duration as a
selection procedure has existed for a long time. However, this requires vertical
detection of eye movement, which is impossible with the infrared limbus reflection
method since there is no visible iris-sclera transition (limbus) vertically. Placing all
characters in a single horizontal row would make the system too sensitive to minor

deviations.

The research question was: Is it possible to use the pupil-iris transition, possibly in

combination with slight movement of the lower eyelid, for vertical detection?

In practice, it is not crucial what is being detected, as long as two distinct levels can

be discerned.

s it possible to achieve typing speeds of 80-100 letters per minute with this "foveally

coupled matrix"? If so, this would reduce the memory demands on the patient.



How this was implemented—such that the above questions could be answered
affirmatively (albeit only for one test subject)—is described below. The experiments

were conducted on an exploratory basis.
DESCRIPTION OF THE SETUP AND PROCEDURE

The test subject (in this case, the patient) sits with their head fixed using a "bite-bar"
and a forehead and chin rest at a distance of 1 meter from the display. This display
consists of three horizontal rows: the top and bottom rows each contain 15
characters spaced 2° apart, and the middle row contains 15 yellow LEDs, also spaced

2° apart, providing visual feedback.

The characters are 20 mm tall and clearly visible. The two rows of characters are
positioned 10° apart vertically. The four outermost characters have special functions,

while the remaining ones form the alphabet and the punctuation marks '." and '?". See

Figure 1.
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Fig. 1. The display with the characters.

Horizontal eye movements are measured on the left eye using the limbus reflection
method, while vertical eye movements are measured on the right eye. Both eyes
move almost identically under constant convergence (Hering's Law). The vertical
detection ring, with its infrared LED and two phototransistors, is rotated 90° relative

to the horizontal ring, and the infrared LED is positioned nasally.

A digital computer (PDP 8/E) samples the horizontal and vertical components of the
eye movement at intervals determined by the voltage output of a potentiometer
adjustable by the test subject. This voltage is sampled by a third ADC. See Figure 2.

This interval, the time between two letters, thus determines the typing speed.
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2. The setup.

Sampling is performed by taking 10 samples over 100 ms to digitally filter out any

noise. The software is provided below under the name "FOVEAL."
The procedure is as follows:

After starting the program, calibration is performed first. The LEDs illuminate
sequentially from left to right and back every second. The test subject must fixate on
the character above the illuminated LED when moving forward and on the character
below the corresponding LED when moving back. Horizontal and vertical eye
movements are sampled 450 ms after the shift to ensure the eye is in the correct
position. Given the anticipatory nature of the stimulus, this was more than sufficient.

A calibration takes 30 seconds.

The sampled values are stored in an array. After calibration, printing begins. The
voltage from the potentiometer is sampled, and a corresponding number of
milliseconds is waited. Then, the horizontal and vertical eye signals are measured,
and for both the top and bottom rows, the best match with the calibrated values is
determined. Of the two characters found (one from the top row and one from the
bottom row), the one with the smallest deviation from the calibrated vertical eye

signal is selected.

The four special characters are easier to reach because their selection area forms a

quadrant with the respective character at the corner.

While the character is being printed on the teletype (100 ms), the LED corresponding
to this character lights up for the same duration. During the time when no LED is
visible to the test subject, a 16th invisible LED remains lit. If the calibrated values no

longer match, for example, due to shifting glasses, recalibration can be performed by



selecting "CAL." Looking at "UIT" (OFF) causes the program to continue sampling but
not printing. This allows the test subject to easily take breaks. A 1 ms flash of the
LEDs provides feedback that no printing is occurring and where the eye is currently

looking.
RESULTS AND DISCUSSION

Measurements were taken on one test subject, and after a learning period of about
30 minutes, typing speeds of 60-80 letters per minute were achieved. The most

limiting factor was the inability to quickly locate the letters on the display.

For an optimal vertical signal, the vertical detection ring had to be positioned
approximately 15 mm further from the eye than the horizontal ring, likely because
detection was occurring at the pupil-iris boundary. However, it remains difficult to

confirm whether this was indeed the case.

Since the iris and pupil are round, there is mutual interference between the
horizontal and vertical signals. Minimizing this interference was facilitated by using
an X-Y storage oscilloscope, which displayed a rectangle when scanning all
characters (as during calibration). Precise adjustment of this took considerable time,
approximately 15-25 minutes. For a second test subject, achieving a good setup
proved unsuccessful initially, though further detailed investigation has not yet been

conducted.
CONCLUSION

A foveally coupled print procedure is feasible. Typing speeds of up to 80 letters per
minute are achievable after short learning periods. It is expected that longer learning

periods could further increase the maximum possible typing speed.
PERSPECTIVE

The results of these exploratory experiments provide a starting point for further
research into vertical eye movement detection using the infrared reflection method.
Testing with more subjects will determine the required learning period and the

maximum achievable typing speed.



Expansion to include more horizontal rows seems possible, allowing for additional
functions, such as adjusting the time between letters with eye movements. Higher
typing speeds may be achievable compared to methods using head movements to

select letters from a matrix (Stassen and van Lunteren 1972).

Given the rapidly expanding capabilities of microprocessors, these could replace the

computer, reducing costs.
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