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Abstract. We have developed an eye-gaze input system for people with severe
physical disabilities. The system utilizes a personal computer and a home video
camera to detect eye-gaze under natural light, and users can easily move the
mouse cursor to any point on the screen to which they direct their gaze. We
constructed this system by first confirming a large difference in the duration of
voluntary (conscious) and involuntary (unconscious) blinks through a precursor
experiment. Consequently, on the basis of the results obtained, we developed
our eye-gaze input interface, which uses the information received from volun-
tary blinks. More specifically, users can decide on their input by performing
voluntary blinks as substitutes for mouse clicks. In this paper, we discuss the
eye-gaze and blink information input interface developed and the results of
evaluations conducted.
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1 Introduction

Eye-gaze input systems have recently been proposed as novel human-machine inter-
faces [1] by which users can input characters or commands to personal computers. We
have developed an eye-gaze input system that utilizes a personal computer and a home
video camera [2]. The system estimates the user’s gazing point with high accuracy, and
allows the user to easily move the mouse cursor to the point at which they are gazing
on the screen. The system can be used under natural light as well as artificial light
sources such as fluorescent and LED lamps.

Our system incorporates an automatic detection method for the feature parameters
of eye blinks. Using this method, we confirmed that there is a large difference in the
duration of voluntary and involuntary blinks. In addition, we also confirmed that the
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duration of an eye blink varies widely among individuals [3]. Methods for classifying
voluntary blinks on the basis of duration have been proposed; however, they all use a
fixed threshold [4, 5]. In contrast, our proposed method is calibrated using individual
characteristics, which enhances its operability [3]. Through this method, we developed
an eye-gaze input system that uses information from voluntary blinks. That is, users can
decide on their input by performing voluntary blinks that represent mouse clicks.

2 Input Interface Using Eye-Gaze and Blink Information

2.1 Eye-Gaze and Blink Detection via Image Analysis

An eye-gaze input interface needs to detect both the location of the user’s gaze and the
user’s selection command. Selection can be performed with an eye blink. In our
system, eye-gaze and blink are detected via image analysis [2].

The system incorporates a horizontal eye-gaze detection method in which the
difference in the reflectance between the iris and the sclera is used to determine the
horizontal eye-gaze (Fig. 1(a)). In other words, the horizontal eye-gaze is estimated
using the difference between the integral values of the light intensity on areas A and B
in Fig. 1(a). We define this differential value as the horizontal eye-gaze value. The
corresponding vertical eye-gaze detection method (which is also incorporated in the
system) is shown in Fig. 1(b). We estimate the vertical eye-gaze by using the integral
value of the light intensity on area C in Fig. 1(b). We define this integral value as the
vertical eye-gaze value. By calibrating the eye-gaze input system using the relations
between these eye-gaze values and the angle of sight, we can estimate the horizontal
and vertical eye-gaze of the user.

In our method, the user’s head movement induces large measurement errors.
Therefore, the system must compensate for such movement. We compensate for the
user’s head movement by tracing the location of the inner corner of the eye, which we
estimate from the contour of the open-eye area (eye shape). The wave pattern produced
by an eye blink is estimated by measuring the pixels of the open-eye area in every
frame. From this wave pattern, we measure the feature parameters of each eye blink,
such as its duration and maximum amplitude.

Fig. 1. Detection method for horizontal and vertical eye-gaze
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2.2 Automatic Detection of Voluntary Blinks

Our interface detects and uses voluntary blinks [3]. It prepares to receive an input
command when the user firmly closes his/her eyes, and voluntary blinks are subse-
quently detected by using the duration of each eye blink as a feature parameter. There
are many methods for estimating the duration of an eye blink. We use the half-value
width of the amplitude of an eye blink’s wave pattern as its duration. There is a large
difference in the duration of voluntary and involuntary blinks. Therefore, voluntary
blinks can be determined from their duration. The outline of an eye blink wave pattern
and its feature parameters are shown in Fig. 2. In the figure, Fph indicates the half-value
of the maximum amplitude of the eye blink (Am) and Dh indicates the duration of the
eye blink.

3 Evaluation Experiment

3.1 Overview of the Experiment

We evaluated our system by conducting an experiment involving eight subjects. The
experimental environment comprised a home video camera (Sony HDR-HC9), and a
PC (OS: Microsoft Windows 7; CPU: Intel Core i7, 2.8 GHz clock frequency). The PC
was used to analyze sequential eye images captured by the video cameras. Each subject
was calibrated on the system prior to the evaluation experiment. The indicators for
calibration were displayed on the screen of the PC screen, as shown in Fig. 3(a). The
subjects gazed at each indicator while the calibration was in progress. In addition, each
subject was asked to gaze at the central indicator at the start of the calibration process,
indicated by the PC emitting a beep. To calibrate the system for voluntary blink
detection, the subject was asked to perform one voluntary blink. Following the cali-
bration process, the subject selected the circle indicator (diameter: 4° as the angle of
sight) on the screen of the PC by gazing, as shown in Fig. 3(b). After selecting the
indicator, the subject decided on inputs via voluntary blinks. The location of the
indicator randomly changed ten times per experiment.

Fig. 2. Feature parameters of an eye blink
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3.2 Evaluation of the Proposed Interface

Table 1 shows the results of the evaluation experiment conducted with the eight
subjects. In Table 1, the indicator selection and input decision times comprise the total
time taken by the subject to control the mouse cursor on the circle indicator by
eye-gaze and give an input via a voluntary blink.

The results shown in Table 1 indicate that the average time for indicator selection
and input decision was 4.77 s. The results also show that all subjects were able to
operate our proposed system. The average time for indicator selection and input
decision in this proposed system is twice that of the eye-gaze input system developed
by Hansen et al. [1]. However, their eye-gaze input system is not operated via voluntary
blinks. Instead, the system decides on an input action according to eye fixations
(measuring how long the eye fixates on a target such as an indicator). By contrast, our
proposed interface has the advantage that it can operate general Microsoft Windows
software via eye-gaze and voluntary blinks.

Fig. 3. Indicators for calibration and experiment

Table 1. Indicator selection and input decision time (ms)

Selection number Subject
A B C D E F G H

1 1529 1966 3260 2543 1123 4540 2792 2262
2 4196 1528 5133 1872 1623 13229 10702 6100
3 2621 1857 4040 7160 2496 1840 6006 11122
4 5413 2090 3916 7317 1295 5460 5242 5258
5 14961 2496 3291 1996 11357 11903 5272 1341
6 5709 2621 2840 2262 3494 6583 2808 1170
7 1825 1872 5023 2606 1451 5242 5492 3604
8 5476 2621 13977 6349 1170 1623 4337 30904
9 2278 2168 3713 2324 9438 3042 3088 1201
10 4586 3074 14025 3027 1373 1747 8814 6802
Average 4859.4 2229.3 5921.8 3745.6 3482.0 5520.9 5455.3 6976.4
SD 3687.0 440.7 4097.9 2127.1 3552.2 3891.6 2452.5 8519.9
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The results in Table 1 also show that subjects C, E, F, and G took more than ten
seconds to make one selection and input. This indicates that some subjects experienced
difficulty selecting the indicator by eye-gaze. We believe that these subjects failed to
stably select the indicator via eye-gaze as a result of gazing point detection measure-
ment errors caused by involuntary eye movements.

4 Conclusion

We have developed a new input interface that enables users to move a mouse cursor via
eye-gaze and specify their input via voluntary blinks. The results of evaluation
experiments conducted with eight subjects indicate that all subjects can operate our
system. In addition, we also confirmed that the average time for indicator selection and
input decision is 4.77 s. In the future, we plan to develop a more user-friendly input
interface by increasing the eye-gaze detection measurement accuracy.
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