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Abstract. Optical measurement devices for eye movements are generally  
expensive and it is often necessary to restrict user head movements when vari-
ous eye-gaze input interfaces are used. Previously, we proposed a novel  
eye-gesture input interface that utilized electrooculography amplified via an AC 
coupling that does not require a head mounted display[1]. Instead, combinations 
of eye-gaze displacement direction were used as the selection criteria. When 
used, this interface showed a success rate approximately 97.2%, but it was ne-
cessary for the user to declare his or her intention to perform an eye gesture by 
blinking or pressing an enter key. In this paper, we propose a novel eye-glance 
input interface that can consistently recognize glance behavior without a prior 
declaration, and provide a decision algorithm that we believe is suitable for  
eye-glance input interfaces such as small smartphone screens. In experiments 
using our improved eye-glance input interface, we achieved a detection rate of 
approximately 93% and a direction determination success rate of approximately 
79.3%. A smartphone screen design for use with the eye-glance input interface 
is also proposed. 
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1 Introduction 

Human computer interactions (HCI) are an important field in computer science. Many 
computer interfaces are being developed for people with disabilities[2-3]. One such 
computer interface type utilizes eye-gaze behavior. An eye-gaze interface can be fast-
er than a computer mouse for inputting user selections and is convenient in situations 
where it is essential that a user keeps his or her hands free in order to perform other 
tasks [4-5]. Previously, eye-gaze interfaces with direct input methods that rely on  
detecting the user’s gaze point have been most frequently studied[1-5]. However,  
optical measurement devices for eye movements are generally expensive, and it is 
often necessary to restrict the user’s head movements when using various eye-gaze 
input interfaces to prevent the introduction of diagonal eye movements.  

Based on the amplification method used, there are currently two types of electroo-
culographs (EOGs) in use: DC coupled (DC-EOG) and AC coupled (AC-EOG). In 
DC-EOG, voltage must be applied manually to the amplifier in order to adjust the 
baseline to zero in response to changes in the resting potential. In contrast, AC-EOG 
does not require such adjustments. 
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In our earlier studies [6-9], we discussed an eye-gaze input interface that combined 
a head mounted display (HMD) with an AC-EOG. That interface was relatively  
inexpensive and enabled users to escape head movement restrictions. It was also 
noteworthy because it permitted the introduction and use of diagonal eye movements, 
thus introducing 12 possible eye-gaze movement choices. However, it was considered 
suboptimal because it required the use of a costly HMD that was time consuming to 
put on and troublesome for the users. In addition, that particular gaze input method 
required the user to spend uncomfortable amounts of time watching the target. 

Separately, another eye-gaze interface that can be used to control a cursor by  
detecting the user’s gaze direction has been investigated[10-12]. However, the num-
ber of movement directions that can be identified by this interface is between 4 and 8 
without target. Furthermore, taking into consideration the original function of an eye, 
it is reasonable to assume that allowing users to look directly at the target when  
detecting eye-gaze movements would allow for more natural eye movements. 

In the study described in Reference 8, a display based on measuring diagonal eye 
movements was proposed. In that interface, to determine the eye’s position during 
diagonal motion, information about vertical eye movements is combined with the 
horizontal AC-EOG signals. This design permitted 12 possible choices, the mean 
accuracies of which were 89.2%.  

This interface determines the choices made from the vertical eye movement direc-
tion and amount of eye movement in the horizontal direction. Thus, to obtain a pre-
cise measurement of the amount of eye movement in the horizontal direction, the 
relative position of the input screen and the eyeball must be known, which made it 
necessary to secure the HMD to the user’s head.  

2 Eye Gesture Input Interface 

In Reference 1, we reviewed previous input methods with an aim towards reducing 
system costs and restrictions placed on the user. The result was a novel eye-gesture 
input interface that did not require a HMD. Instead, direction combinations for eye-
gaze displacement were used as the selection method. We found that eye-gaze dis-
placements could be determined precisely using a derivative EOG signal amplified 
via AC coupling. A desktop display design created for use with the eye-gesture input 
interface is shown in Fig. 1. In that study, it was assumed that eye-gesture movements 
followed oblique patterns (upper left, lower left, upper right, lower right), and that 
each pattern consisted of a combination of two movements.  

 

Fig. 1. Experimental screen design for eye-gesture input interface 
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The AC-EOG signals obtained from the amplifiers were fed into an apparatus of 
our own design connected to a PC[1]. The amplifiers have a gain of 10,000, a high 
pass analog filter with a 0.1 Hz cut-off frequency, and a low pass analog filter with a 
10.0 Hz cut-off frequency. The amplified AC-EOG signals were sampled at a rate of 
100 Hz using a 12-bit resolution. Before conducting the experiments, the following 
assumptions and preconditions were set:  

• The average value of 2-ch and 3-ch was used to create a fourth channel  
(4-ch) on the computer 

• 1-ch corresponds to the horizontal AC-EOG 
• 4-ch corresponds to the vertical AC-EOG 
• Positive and negative values for 1-ch correspond to eye movements to the 

left and right 
• Positive and negative values for 4-ch correspond to upward and downward 

eye movements 

3.3 Experimental Procedure 

Each test subject performed a total of 10 eye-glance attempts during which he glanced 
at each of the four corners. A standard value for a 6º movement was used to calibrate 
the interface prior to the experiments. Each attempt was performed using the  
following steps: 

1. The subject picks up and uses a smartphone normally (Free time). 
2. The eye-glance maneuver begins when the subject focuses his gaze on the 

center of the screen and then presses a timer. 
3. The subject then performs a round-trip series of eye movements in an oblique 

direction from and to the center screen, viewing each corner in series. 
4. The eye-glance maneuver finishes when subject return his gaze to the center 

of the screen a final time and presses the timer again. 
5. The subject then operates the smartphone normally (Free time). 

3.4 Displacement Calculation 

The derivative AC-EOG signal, an example of which is shown in Fig. 5, was used to 
calculate the displacements of the eye movements. The value of the derivative AC-
EOG is directly proportional to the velocity of the eye movement. A saccade is de-
fined as a rapid eye movement, during which the eye’s velocity changes from zero to 
a large value and then returns to zero. Therefore, a 0-to-0 interval of the derivative 
AC-EOG (0-0 wave) such as that shown as h1 in Fig. 5, can be considered a saccade 
interval.  

In previous studies[9], the integral of a 0-0 wave is used as the proportional value 
to the displacement of a saccade. However, the maximum amplitude of a 0-0 wave is 
also thought to have a value that is proportional to the displacement of a saccade.  

In this study, the large maximum amplitude of a saccade can be detected from 
the maximum amplitude value of a 0-0 wave. In contrast, a state of prolonged fixa-
tion is considered an eye-gaze state. Whenever an eye-gaze state was detected, the  
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4.2 Eye-glance Detection 

Using the same method, we attempted to detect eye-glance behavior during experi-
ment times using the horizontal 0-0 wave and the pause time τ. A successful value 
was counted when an eye-glance was detected at least one once during the experiment 
time. The results of our experiment showed that the success rates for all test subjects 
were above 90% as determined by the horizontal 0-0 wave and the time τ, as shown in 
Table 3.  

Table 3. Detection rate of eye-glance by horizontal 0-0 wave and the pause time τ 

 

4.3 Direction Judgment 

Offline analyses were performed with the four subjects to compare the new integration 
method with the method of using three characteristics (as the same time horizontal 0-0 
wave and vertical 0-0 wave which the pause time is τ ± 0.3). The accuracy of a choice 
as defined as the success rate divided by the number of choices made. Table 4 shows 
the accuracies of the choices for all subjects along with the sum of all the displace-
ments. In the case of four possible choices using eye-glance behaviors, the mean  
accuracy of the choices was 79% when the three characteristics were used.  

Table 4. The accuracies (%) of choices for all subjects using three characteristics 

 

The direction judgment accuracies for all subjects, including the vertical detection 
rate, was reduced by 10% compared to measurements of the horizontal direction 
alone, as shown in Tables 3 and 4. Especially, with respect to the subject D, including 
the vertical detection rate caused a 35% reduction compared to judgments of the  
horizontal direction. 

5 Discussion 

5.1 Timing of Vertical 0-0 Wave 

It is possible that the timing of the vertical 0-0 wave included an error, as shown in 
Fig. 7. The gray zone shows that the timing of the horizontal 0-0 wave, and twice 
were different, but twice vertical 0-0 wave were the same direction in this example. 
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In contrast, for actual eye glance behavior, the average detection rate of the four  
subjects was above 90% as measured by the horizontal 0-0 wave and the pause time  
(τ ± 0.3).  

However, when the vertical detection rate was included, the accuracies of direction 
judgments for all subjects were 79%, and a 10% reduction occurred when the vertical 
0-0 wave was added. Our future tasks and goals include designing an input guide 
menu for a small screen that can be used with the eye-glance interface along with 
creating an application suitable for a smartphone or tablet. 
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