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Abstract

Eyetracking systems that use video-based cameras to monitor the
eye and scene can be made significantly smaller thanks to tiny
micro-lens video cameras. Pupil detection algorithms are
generally implemented in hardware, allowing for real-time
eyetracking. However, it is likely that real-time eyetracking will
soon be fully accomplished in software alone. This paper
encourages an “open-source” approach to eyetracking by
providing practical tips on building a lightweight eyetracker from
commercially available micro-lens cameras and other parts. While
the headgear described here can be used with any dark-pupil
eyetracking controller, it also opens the door to open-source
software solutions that could be developed by the eyetracking and
image-processing communities. Such systems could be optimized
without concern for real-time performance because the systems
could be run offline.
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1 Introduction

In the last five years the ability to do eyetracking outside of the
laboratory has expanded the range of experiments that are
possible. Experiments performed in artificial laboratory settings
have shifted towards experiments performed under realistic
conditions where observers can move their heads and walk freely.
Only recently has the technology been available to study eye
movements that occur under these more natural conditions. Land
et al. (1992, 1997, 1999), Pelz et. al. (2000, 2001), Canosa (2000),
and Babcock et. al. (2002), have used portable video-based
eyetrackers to monitor subjects’ eye movements as they perform
over-learned tasks such as tea making, handwashing, and even
how people compose photographs with digital cameras.

While this research has provided novel insight into observers’
visual strategies and behavior, there is also great potential to use
eyetracking as a means of interacting with computers and other
devices. Unfortunately, commercially available eyetrackers can be
expensive, platform specific, and difficult to use. An open-source
system would virtually allow anyone to explore eyetracking in
many new ways. Further, new avenues of interaction for
electronic media will certainly develop as a result of an open-
source system. For this to happen it is clear that the next
generation of eyetrackers should be more robust, less obtrusive,
lightweight, and, most importantly, accessible to a larger
audience.

Because of the need for mobility, the studies listed above have
used custom eyetrackers, or modifications of commercially
available systems, to make portable eyetracking practical. The aim
of this paper is to provide enough background for the ambitious
reader to build a simple, lightweight, dark-pupil eyetracking
headgear. Figure 1 shows an example of a prototype built
completely from off-the-shelf components. The following sections
detail some of the design considerations in building such systems.

Figure 1- Lightweight, dark-pupil, eyetracking headgear

2 Where to Start: Choosing Frames

The first step in building a lightweight eyetracker is to choose
something to mount the scene and eye cameras to. Figure 2 shows
a low-cost pair of safety glasses used to make the headgear shown
in Figure 1. It is important to choose frames with a joining nose
bridge. This provides the best stability, preventing large
movements of the headgear during use. The first step in making
the headgear is to cut away most of the plastic lens. It is
recommended that some plastic be left near the edges of the frame
to maintain the frame’s structure. Extra surface area can also be
used for mounting the scene camera as shown in Figure 2. Once
trimmed, the goggles should be sanded with emery paper to
smooth any rough edges.

Figure 2- Safety glasses used to make the lightweight headgear.

3 Infrared LED, Eye, and Scene Cameras

3.1 Infrared LED

Video-based eyetracking systems use an infrared (IR) source to
illuminate the eye, usually with one or more IR LEDs (IRED). In
this design, a small IRED is positioned next to the eye camera as



which a number of calibration points are first located in the scene
image, then the subject is instructed to look at the same points.
This is often a challenging process that limits calibration accuracy
because any head motion during the entire process will limit
accuracy.  The experimenter must also time the instant at which to
capture the image of the eye at each point. A blink or a drift in the
subjectÕs line of gaze will cause errors in the calibration. By
performing calibration offline, it is possible to Òfreeze-frameÓ the
eye and scene video to ensure a stable eye and scene image.
Perhaps more importantly, it is possible to locate the calibration
points in the scene image and capture raw eye position images on
the same video frame rather than later in the sequence.  This can
completely eliminate errors normally induced by movement of a
subjectÕs head in the time between locating the calibration points
and the subject fixating on the same points. While the laser
calibrator described in the previous section addresses the problem
of maintaining head position during the entire calibration process,
offline processing also allows the experimenter to eliminate the
possibility of a blink interfering with the calibration.

6 Conclusion

Researchers doing eyetracking in natural environments have
expressed the need for custom, easy-to-use eyetrackers. Tiny
micro-lens cameras have made it possible to build inexpensive,
lightweight headgear that can be used with todayÕs commercial
eyetrackers. This paper has provided some practical tips on
putting together a lightweight portable eyetracking headgear
mainly to encourage an open-source approach to eyetracking. We
discuss benefits of utilizing an offline system, which further
advocates the license-free idea. As a future step, we also
encourage the development of open-source eyetracking software
that will complement the hardware discussed in this paper.
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