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Abstract  Gaze-based interaction lets users to operate computers through eye movement, and 
promises to especially benefit severely disabled people who can barely move their hands or feet.  
However, existing computer operation by gaze may be neither effective nor comfortable, because 
of physical restrictions on gaze detection and because eye movement during gaze-based 
interaction is different from natural eye movement.  This article describes the requirements for 
gaze-based interaction, and presents our approaches to making such interaction useful for anyone, 
anytime. 
1 Introduction 

Gaze-based interaction is desired for severely disabled people who can barely move their hands 
or feet.  People who have lost the ability to control their muscles due to amyotrophic lateral 
sclerosis (ALS), cerebral palsy, or spinal cord injuries, primarily communicate with other people 
by gaze.  However, compared with general communication methods, like conversation and 
gestures, communication by gaze is difficult because the gaze pattern must be translated into 
meaningful ideas.  Then there is the additional problem of slow transmission speed because 
translation wastes much time. 

Gaze-based interaction has two tasks: computer operation and support of human communication 
[Fig. 1]. Computer operation includes document browsing (e.g., World Wide Web), creative 
activities, like drawing pictures and writing, and other activities by using a Graphical User 
Interface (GUI).  Human communication includes the expression of intentions to other persons 
and a two-way conversation between people.  The most essential operation for these tasks is object 
selection.  When a user is able to select objects by gaze, it is possible to execute fundamental 
operations associated with these tasks. 

The study of gaze-based interaction started at the end of the 1980s.  However, the proposed 
interaction techniques were not very useful or helpful to even nondisabled users, let alone disabled 
ones.  Overcoming the limitations that prevents its practical use will require far more research. 

In creating gaze-based interaction, the challenge is to develop an environment that maximizes 
the effect of the task while it minimizes the effort of control for anyone.  Moreover, gaze-based 
interactive environments provide that they offer a more effective and comfortable alternative to 
other interactive systems for anyone, would also be very useful in improving the interaction for 
disabled people. 

• document browsing (WWW)
• drawing and writing
• everything on GUI

• transmit intentions
• conversation

object selection
menu/icon/button/keyboard

communicationcomputer operation

Fig. 1. The category of the gaze-based interaction for disabled users. 
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Fig. 2. Quick Glance Selection Method.
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Tab. 1. The features of four selection methods. 
 Dwell time Blinking and wink Dasher QGSM 
al fatigue - +- - + 
 to use + + -- +- 
 improvement - - + + 
on speed -- - ++ + 
 look at a command name to find the target menu, and then look at the 
n.  If target location is known, the user looks at the selection area directly. 
simple method allows very fast selection (Ohno, 1998).  QGSM also 
eyboard typing [Fig. 2 (b)].  In this case, five or more characters are 
is figure, they are a, b, c, d and e).  When the user glances at the key, its 

ar it.  When the user looks at one of them, the selected character is typed.  
is canceled.  In this design, the eye must be moved twice to select a 
ll time nor blinks are needed. 
ethods are summarized in Table 1.  For severely disabled people, fatigue 
lem because they must use the system for a long time and have no 

raction.  Selection speed is also an issue when the user wants to execute 
rom this point of view, a zooming approach like Dasher or a consecutive 

QGSM seems to be suitable.  However, user evaluations to compare 
t been done.  More effects are necessary in order to find the best solution 
te methods. 
g System for Gaze-Based Interaction 
 catch the user's eye to calculate gaze direction and play a key role in 
owever, existing systems are far from comfortable and the systems are 

th the mouse and keyboard.  This is because they were designed to 
 so that the most important requirement was accuracy.  To achieve 
nteraction, a gaze tracking system should (1) have a simple configuration 
nal calibration, and (2) allow free movement of user’s head position.  
quire personal calibration to compensate for gaze direction error.  The 
beginning of gaze tracking, where the user looks at five to twenty points 
 time consuming and burdensome task.  A calibration-free method that 
d the two cameras has been proposed (Shih et al., 2000).  However, their 
letely correct gaze direction error; some residual error remains.  To ease 
iction, some commercial gaze tracking systems have face tracking 
 camera or movable mirror. 
 Easy-To-Use Gaze Tracking System 
ements, we developed a gaze tracking system called FreeGaze [Fig. 3].  
r look at only two points on the screen at the very first time of use (Ohno 

ration is finished, the calibration data can be reused; a new calibration is 
plish this advantage, we developed a geometric eyeball model, where 

rection error like refraction on the surface of cornea are compensated 
is calculated.  The head-free type allows free head movement because it 
ition using a stereo camera mounted on the top of the screen (Ohno et al., 
e corneal reflection method in which infrared light is used to detect the 
age (corneal reflection image).   
 an infrared camera and an infrared LED array. A Windows or Linux PC 
m to calculate the gaze direction and control the camera.  The sampling 
nd, and the accuracy is about 0.8 degree in view angle.  

 



(a). Head-fixed type. (b). Head-free type.  
Fig. 3. An Easy-to-use gaze tracking system FreeGaze. 

When the user’s gaze point 
appears within the area, the 
system determines that the 
user is looking at the character.                               

Fig. 4 Simple personal calibration technique. 

3.2 Simple Personal Calibration 
In general, personal calibration is performed by pressing a key while looking at a marker on the 

screen.  However, for people, can not press keys, so the calibration should be doable without 
having to do that. 

We developed a simple personal calibration technique that requires no keyboard operation.  In 
this procedure, a small agent-like character appears on the upper-left corner of the screen [Fig.4], 
and jiggles about to attract the user's attention.  After the user looks at the character, the character 
moves to the opposite corner, and as soon as the user looks at it again, the personal calibration is 
completed.  This method is possible because FreeGaze can estimate the user's gaze position 
approximately even if personal calibration has not yet been performed, and only two points are 
required for the calibration.  FreeGaze and its simple personal calibration technique enable the 
user to control the computer by gaze with little or no support from other people. 
4 Discussion 

We described several gaze-based selection methods that will help the disabled communicate 
with other people and perform some simple selection tasks.  So then, is it possible to develop all 
applications shown in Fig. 1 by these methods?  The answer is “no”.  The most serious problem is 
the layout limitation.  Because gaze is not as precise as a mouse cursor, object size should be 
larger than the standard icons or menus.  Some margin area is necessary between objects to 
prevent selection error, and how to build complicated applications that are controllable by gaze is 
still an open problem. 

Advancing gaze-based interaction for disabled users in the future requires a method of 
estimating user’s intentions from gaze.  When this is done, the user does not have to control her 
gaze to accomplish the task; rather the task will proceed almost automatically.  Several methods of 

   



   

estimating the user’s intentions from gaze patterns have already been proposed (Campbell, 2001; 
Edwards, 1998; Salvucci, 2001).  These approaches will improve user performance for 
complicated tasks with minimum operation burden. Currently, the application areas are limited 
and sometimes false detection results are output, therefore, further research is required.  
5 Conclusion and Future Works 

We described the requirements for the selection methods and gaze tracking systems that must be 
met to realize the gaze-based interaction for disabled people.  There are still many problems to be 
solved.  We will continue to develop both gaze tracking systems and gaze-based interaction 
techniques with the aim of providing universal access to the computer.  Worldwide research 
efforts should be made to overcome the interaction barrier between disabled people and the 
external environment.  
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