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Abstract—The purpose of this study is to support
communication of individuals with motor paralysis having
difficulty verbally communicating due to illnesses such as
Guillain-Barre Syndrome or brain-stem infarction. We have
developed and describe a pointing device controlled by
DC-coupled electrooculograms (EOGs). The visual angle of the
subject is estimated from the amplitude of vertical and
horizontal EOGs for determining the two-dimensional pointing
position on a PC screen in real time. The eye blinking artifact is
reduced using a median filter. Electrode displacement is
corrected by considering the potential gradient. Moreover, the
position error caused by drift phenomenon is adjusted using
head movement based on the vestibule-ocular reflex. The
accuracy and operating speed of the proposed method were
evaluated among a group of human subjects.

I. INTRODUCTION

OMMUNICATION is one of the essential elements for

humans to maintain their quality of life. In general,

communication is accomplished by conversation, talking
on the telephone, writing letters, and so on. In individual
cases, dictation or sign language is used for communication.
However, individuals with motor paralysis or
neurodegenerative diseases such as Guillain-Barre Syndrome
or brain-stem infarction have difficulty in conveying their
intentions since the motor neurons influencing voluntary
muscles are affected. Thus, assistive technologies supporting
individual communication are required for enabling
communication in affected people. Various communication
support devices have been developed; some facilitate
inter-personal communication by supplementing the
individual’s impaired functions by utilizing surviving
functions. In terminal patients, the eye movement muscles are
usually not affected. Thus, methods using eye movements
have the potential to improve the performance of the
communication device. In the present study, we focused on
eye movements for developing a communication support
device.

Several communication support devices have been
developed using eye movements. The corneal reflex method,
the limbus tracker method, and videooculography were
nominated based on the measurement principles of eye
movements [1]-[3]. These methods can track eye movements
with high precision. However, they are expensive and
sometimes require special measuring instruments or
attachment devices such as goggles. Moreover, any method
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using infrared is invasive for subjects. Hence, we focused on
the electrooculogram (EOG) to develop the communication
support device [4]-[16]. EOG is one of the recording of the
bioelectric activities in our eyeballs where a positive potential
exists between the cornea and the retina. These charges cause
a static potential named the corneal-retinal potential. Body
surface electrodes attached around the eyeball sockets can
detect the potential changes resulting from eye movements.
EOG signals are measured with either an AC- or
DC-coupling amplifier. The AC-coupling amplifier can
reduce the drift artifact. We have developed a communication
support device with four directional inputs and one selection
[8]-[10]. However, the operation is limited to small number
of functions. In the present study, we focused on the
DC-coupled EOG measurement that includes information
about the visual angle of the eyeballs. By eliminating the
artifact error in DC-coupled EOG measurements, we
developed a pointing device that performed like a mouse
pointer. For the pointing device to operate like a mouse, the
user must signal that this is the final position. We can use a
“mouse hover” that is one of the accessibility features of the
operation system. That is, the pointer remaining in the same
position for a certain time period effects a “mouse click.”
Alternately, a voluntary eye blink, which is different from
involuntary eye blink, may be used for the clicking method

(81, [9], [13].
II. METHOD

A. EOG-based pointing device

The pointing device based on EOG signals for the
communication support consists of five surface electrodes, an
electrooculograph, an A/D converter, a laptop PC, a projector,
and a screen as shown in Fig. 1. We attached the electrodes in
order to measure horizontal and vertical EOG signals which
were amplified by DC-coupling. The signals were collected
by the PC with a sampling rate of 100 Hz. Figure 2 shows the
system block diagram of the pointing device. First, the
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Fig. 1. System configuration and electrode positions.
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Fig. 2. System block diagram.

detected EOG signals were corrected by reducing or
canceling the experimental errors (noise) involved. Second,
visual angles were estimated using the amplitude of
horizontal and vertical EOG signals. Finally, the coordinates
of the pointing position were estimated in real time. The
subject can continuously control the pointing position on the
screen by moving his/her eyes.

B. Error Corrections

Figure 3 shows an example of the detected EOG signals
during eye movements in the leftward direction. The
waveforms show at least three types of errors. 1) Spike
artifacts are caused by involuntary eye blinking. 2) The
voltage error is caused by the offset of the electrode position
from the horizontal and vertical lines on the eyeball. 3) Drift
phenomena are seen as slow fluctuations. We must eliminate
these errors to develop a sophisticated pointing device. The
countermeasures for these errors are explained as follows.

1) Blinking artifact: Waveforms from the blinking artifact
appear as spikes. We rejected them by applying a median
filter for time-windowed EOG data [10]. Since the duration
of the artifact was about 0.7 s, the interval of time window
was set to 1.5 s. The median filter requires sorting to find the
median value among the data. We developed a fast sort
algorithm for time-series data considering the successive time
windows. When the time window shifts one point, only one
data is different from the previous time window. Thus, by
replacing one data in the sorted data, the calculation cost of
the successive median filter was dramatically reduced.

2) Electrode position error: As shown in Fig. 3, the voltage
error in the vertical channel increased according to horizontal
eye movements. This is not critical if the electrodes are
attached at the appropriate position. We call this error the
electrode position error. As a result of the fundamental
experiment, we determined a linear relationship between
visual angles and the electrode position error. We
compensated for the error using this relationship.

3) Drift: Drift is the random direct current noise that causes
baseline fluctuation unrelated to eye movements. We
obtained long-term measurements of EOG data in order to
characterize the drift phenomenon. The subject gazed at the
center of the screen for 30 minutes. Drift tended to decrease
15 minutes after the experiment began. These results suggest
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Fig. 3. EOG waveforms during leftward eye movements.
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Fig. 4. Linear relationships between the visual angle and the absolute
amplitude of the EOG signals.

that the electrical relationship between electrode and skin is
almost stable during that time. The results are omitted
according to the space. Based on these results, the subjects
wait to begin the experiments for 15 minutes after attaching
the electrodes. The human being has the ability to adapt for
various environments. The vestibulo-ocular reflex (VOR) is a
reflexive eye movement that stabilizes images on the retina
during head movement by producing an eye movement in the
opposite direction of the head movement, thus preserving the
image in the center of the visual field [17]. We hypothesized
that the VOR would be useful for reducing drift. If there are
errors in the pointing device, the subject will experience lags
between the pointer and the target he wants to point out.
When the subject feels this gap, he/she can compensate by
rotating his head toward the target according to the VOR. As
a result, the drift decreases as the gazing point approaches the
pointer. We expected that the operability of the system is
improved by this compensation method with changing his/her
head position optionally.

C. Estimating visual angles

The visual angle was estimated from EOG data after
applying the corrections from Sect. II.B. Figure 4 shows the
relationship between the visual angle and the amplitude of the
EOG. The stable amplitudes of each visual angle were
measured and averaged over several times. The values of up
and down are the absolute amplitude of the vertical channel
and that of left and right are the absolute amplitude of the
horizontal channel. The amplitude of the EOG linearly
increases when the visual angle increases. Using this linear
relationship, we estimated the visual angle from the EOG data.
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The proportional coefficients of the relation equation were
estimated by the preliminary experiments.

III. EXPERIMENTS

A total of nine subjects participated in the experiments. All
subjects understood the aims of the experiments and were
properly consented. The experiment environment is shown in
Fig. 5. The subject sat facing the screen. The home position of
the subject’s eyes was the center of the screen. Targets
appeared on the screen in random positions and a pointer
whose position can be controlled by the subject.

First, we evaluated the error correction methods for the eye
blinking artifact and the electrode position error. The

corrected results for EOG data from Fig. 3 are shown in Fig. 6.

As shown, eye blinking artifacts were eliminated. The voltage
error caused from the gap of the electrode position was
compensated, and the baseline of vertical channel became
stable.

Second, we assessed the operability of the pointing device.
Precision and operation speed were measured for several
experimental conditions. In order to evaluate the anti-drift
method we proposed, the experiments were conducted under
two conditions: fixed or unfixed head positions. Five subjects
participated in the precision experiment. The other four
subjects and one who participated in the precision experiment
participated in the experiment of the operation speed.

In the experiments to determine operation precision, the
target intermittently jumped from one point to another at
uniform time intervals. The subject moved the pointer as
close to the target as possible. The target was set to the visual
angles of 10, 20, and 30 degrees. The time interval of the
target was set to 5 s. The average errors from 36 trials were
obtained for each subject. Figure 7 shows the experiment
results for five subjects. The parameter p is the significance
level of student's t-test. Each bar shows the mean and the
standard deviation over 36 data. As shown in Fig. 7,
significant differences between errors under fixed and

unfixed head positions were confirmed in most of the subjects.

The error was reduced when the head was unfixed compared
to fixed head conditions.

Next, while the pointer was fixed at one location for a
certain period, the target jumped to another position to
measure operation speed. The subjects pursued the target as
quickly as possible. The target was a circle with a radius of 4
degrees and it was set to the visual angles of 10, 20, and 30
degrees. The retention period was set to 3 s. The average
operation time from 18 trials were obtained for each subject.
Figure 8 shows the experiment result of the each four subject.
One subject could not accomplish the experiment task
because of drift. The operation time does not include the fixed
retention period. The operation speeds tended to be faster
when the head was unfixed than when the head was fixed in
one position.

Finally, we evaluated the time-series characteristics of the
pointing device. We focused on drift increasing with time.
The subjects performed the operation precision experiments
under conditions of a single trial or continuous trial. Here, the
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Fig. 5. Experimental conditions. The subject pursued targets by
controlling the pointer via eve movements.
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Fig. 6. Corrected results of Fig. 3. Blink artifacts and electrode position
errors were reduced, especially in the vertical channel.

single trial means that the drift was zeroed in every trial. In
particular, the error in the continuous trial was reduced when
the head was unfixed. This result indicates that our method is
effective for drift rejection. Moreover, it is necessary to
investigate the influence of the subject’s facility for the
device. The subjects performed the experiments for 4 days.
The error dramatically decreased during the second day and
gradually decreased after the third day.

IV. DiscussioN

By comparing Figs. 3 and 6, we can see the effect of the
error corrections we proposed. The blink artifacts observed in
the vertical channel were rejected by the median filter. The
time delay mainly caused by the median filter was
approximately 0.75 s and it set to not influence operability.
We can also see the decrease in the electrode position error in
the vertical channel. As a result, stepwise-tracking of the
EOG data could be obtained for estimating the pointing
position.

Figure 7 shows that the average error under unfixed head
positions was smaller than in the fixed head position. The
tolerance error of the viewing angles was 3 degrees in the
case of the unfixed head. That is, these errors may be feasible
to the communication support system of the resolution of 3
degrees or more.

Likewise, Fig. 8 shows that the average operation time
when the head was unfixed was faster than that of the fixed
head. These results suggest that the operation of the
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Fig.7. Average error for each subject. Average error was measured as
the difference in the visual angle between the target and the pointing
position under fixed and unfixed head conditions.

**p<0.01
1 Fixed B Unfixed

(%)
o
i

Average operation time [s]
o

Subject

Fig. 8. Average operation time for each subject.

EOG pointing device is better with free movement of the head.

However, we confirmed that there is an individual difference
in the operation time. One subject could not accomplish the
task because of drift errors. Moreover, some subjects felt
difficulty to control the pointer quickly because the EOG
system faithfully pursued user’s saccadic eye movements.
Further improvement of the operation speed is necessary for
the operability of the support system.

In our experiments, five electrodes were attached on the
skin surface in order to obtain the EOG signals. All subjects
understood the aims of the experiments and they were
properly consented to the experiments. However, the
attachment of electrodes may not be friendly to users. We
have to reconsider appropriate electrodes. In our present
system, we used a projector and a 1.15m-wide screen to
feedback the pointing position to users. The feedback can be

projected not only on the screen but also on the wall or ceiling.

Moreover, since the EOG signals do not depend on the
absolute distance between the user and the measurement
device, the system is applicable to various users’ postures.
This system can also be accomplished using commercial CRT
or LCD.

V. CONCLUSION

In the present study, we developed a pointing device using
DC-coupled EOG signals. Errors such as the eye blinking
artifact, electrode position error, and drift were corrected to
precisely locate the pointing position on the screen. Operating
precision and speed were improved by compensating for drift
by allowing free movement of the head. Further examination
of error corrections is necessary for practical use. We are
arranging the experiments with disabled subjects in the near
future.
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