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Abstract Eye tracking has a long history in medical and psychological research as a tool for recording and studying human 

visual behaviour. Real-time gaze-based text entry can also be a powerful means of communication and control for people with 

physical disabilities. Following recent technological advances and the advent of affordable eye trackers, there is a growing 

interest in pervasive attention-aware systems and interfaces that have the potential to revolutionize mainstream human 

technology interaction. In this chapter, we provide an introduction to the state-of-the art in eye tracking technology and gaze 

estimation. We discuss challenges involved in using a perceptual organ, the eye, as an input modality. Examples of real life 

applications are reviewed, together with design solutions derived from research results. We also discuss how to match the user 

requirements and key features of different eye tracking systems to find the best system for each task and application.  

Introduction 

The eye has a lot of communicative power. Eye contact 

and gaze direction are central and very important cues in 

human communication, for example, in regulating 

interaction and turn taking, establishing socio-emotional 

connection, or indicating the target of our visual interest 

(Kleinke 1986). The eye has also been said to be a mirror 

to the soul or window into the brain (Brigham et al. 2001; 

Ellis et al. 1998). Gaze behaviour reflects cognitive 

processes and can give hints of our thinking and intentions. 

We often look at things before acting on them (Land and 

Furneaux 1997). 

Eye tracking refers to the process of tracking eye 

movements or the absolute point of gaze (POG)—referring 

to the point the user’s gaze is focused at in the visual scene. 

Eye tracking is useful in a broad range of application areas, 

from psychological research and medical diagnostic to 

usability studies and interactive, gaze-controlled 

applications. This chapter is focused on the use of real-time 

data from human eye movements that can be exploited in 

the area of human-technology interaction. The aim is to 

provide a useful starting point for researchers, designers of 

interactive technology and assistive technology 

professionals wishing to gain deeper insight into gaze 

interaction. Initially, eye movements were mainly studied 

by physiological introspection and observation. Basic eye 

movements were categorized and their duration estimated 

long before the eye tracking technology enabled precise 

measurement of eye movements. The first generation of 

eye tracking devices was highly invasive and 

uncomfortable. A breakthrough in eye tracking technology 

was the development of the first ‘‘non-invasive’’ eye 

tracking apparatus in the early 1900s (Wade and Tatler 

2005), based on photography and light reflected from the 

cornea. It can be considered as the first ancestor of the 

current widely used video-based, corneal reflection eye 

tracking systems. The development of unobtrusive camera-

based systems (Morimoto and Mimica 2005) and the 

increase of computing power enabled gathering of eye 

tracking data in real time, enabling the use of gaze as a 

control method for people with disabilities (Ten Kate et al. 

1979; Friedman et al. 1982). Since then, eye tracking has 

been used in a wide range of application areas, some of 

which are reviewed later in this chapter. Using the eye as 

an input method has benefits but also some considerable 
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challenges. These challenges originate from eye 

physiology and from its perceptive nature. Below, we 

briefly introduce the basics of eye physiology and eye 

movements. The rest of the chapter concentrates on giving 

an overview of eye tracking technology and methods used 

to implement gaze interaction. We will also review related 

research and introduce example applications that should 

help the readers to understand the reasons behind the 

problem issues—and to design solutions that avoid the 

typical pitfalls. We will conclude this chapter with a 

summary and a discussion of potential future research 

directions for gaze-based interfaces. 

Video-Based Tracking A video-based eye tracking system 

can be either used in a remote or head-mounted 

configuration. A typical setup consists of a video camera 

that records the movements of the eye(s) and a computer 

that saves and analyses the gaze data. In remote systems, 

the camera is typically based below the computer screen 

(Fig. 3.2) while in head-mounted systems, the camera is 

attached either on a frame of eyeglasses or in a separate 

‘‘helmet’’. Head-mounted systems often also include a 

scene camera for recording the user’s point of view, which 

can then be used to map the user’s gaze to the current 

visual scene. The frame rate and resolution of the video 

camera have a significant effect on the accuracy of 

tracking; a low-cost web camera cannot compete with a 

high-end camera with high-resolution and high sample 

rate. The focal length of the lens, the angle, as well as the 

distance between the eye and the camera have an effect on 

the working distance and the quality of gaze tracking. With 

large zooming (large focal length), it is possible to get a 

close-up view of the eye but it narrows the working angle 

of the camera and requires the user to sit fairly still (unless 

the camera follows the user’s movements). In head-

mounted systems, the camera is placed. 

 

Fig. 3.2 The eye tracker’s camera is placed under the 

monitor. Infrared light sources are located on each side of 

the camera 

Electrooculography-Based Tracking  

The human eye can be modelled as a dipole with 

its positive pole at the cornea and its negative pole at the 

retina. Assuming a stable cornea-retinal potential 

difference, the eye is the origin of a steady electric 

potential field. The electrical signal that can be measured 

from this field is called the electrooculogram (EOG). The 

signal is measured between two pairs of surface electrodes 

placed in periorbital positions around the eye (see Fig. 3.4) 

with respect to a reference electrode (typically placed on 

the forehead). If the eyes move from the center position 

towards one of these electrodes, the retina approaches this 

electrode, while the cornea approaches the opposing one. 

This change in dipole orientation causes a change in the 

electric potential field, which in turn can be measured to 

track eye movements. In contrast to video-based eye 

tracking, recorded eye movements are typically split into 

one horizontal and one vertical EOG signal component. 



GURU P G, et al, International Journal of Research Sciences and Advanced Engineering 
[IJRSAE]TM 
Volume 2, Issue 12, PP: 288 – 291, DEC’ 2015. 

 

 

 
 

International Journal of Research Sciences and Advanced Engineering 

                             Vol.2 (12), ISSN: 2319-6106, DEC’ 2015.                       PP: 288 - 291 

This split reflects the discretisation given by the electrode 

setup. One drawback of EOG compared to video-based 

tracking is the fact that EOG requires electrodes to be 

attached to the skin around the eyes. In addition, EOG 

provides lower spatial POG tracking accuracy and is 

therefore better suited for tracking relative eye movements. 

EOG signals are subject to signal noise and artifacts and 

prone to drifting, particularly if recorded in mobile 

settings. EOG signals—like other physiological signals—

may be corrupted with noise from the residential power 

line, the measurement circuitry, electrodes, or other 

interfering physiological sources 

 

Wearable EOG goggles 

Conclusion and Future Directions Eye tracking is no longer 

a niche technology used by specialized research 

laboratories or a few select user groups but actively 

exploited in a wide variety of disciplines and application 

areas. When choosing an eye tracking system, one should 

pay attention to the hardware’s gaze tracking features as 

well as the accompanying software and additional 

accessories. Many eye tracking manufacturers provide 

different models targeted at different purposes. The 

systems may use the same basic technical principles of 

operation, but what makes a certain system suitable for a 

specific purpose are the applications (software) that utilize 

the raw eye data, e.g. software for recording and analyzing 

the gaze path, or assistive software that allow the eye to be 

used as an substitute for the mouse. Issues to consider from 

the technical part that affect the suitability of the system 

for a specific purpose include: spatial and temporal 

resolution (accuracy), camera angle, freedom of head 

movements, tolerance to ambient light, tolerance to eye 

glasses and contact lenses, possibility to track only one or 

two eyes. 

Eye tracking is becoming an increasingly 

interesting option even in traditional computing. Major 

technology companies and the gaming industry are starting 

to show growing interest in embedding eye tracking in 

their future products, such as laptops and tablets (Tobii 

2011; Fujitsu 2012). Vision based technologies are already 

widely used in the gaming field, enabling players to use 

gestures and full body movement to control the games, and 

eye tracking is envisioned to be part of future gaming 

(Larsen 2012). The hype on smart glasses (such as the 

Google Glass) indicates that it is only a matter of time, 

when the first eye-controlled consumer product will enter 

the market. Wider use would mean lower costs. Thus, a 

breakthrough in one field can give a boost also to other 

areas of eye tracking. 
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