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1.0 Introduction

In recent years, there has been an explosion of interest in virtual reality systems. Virtual
reality is relevant to many applications involving data visualization, communications, and
immersive entertainment. A similar area, with perhaps even more commercial applications

than virtual reality, is augmented reality.

Augmented reality systems differ from virtual reality systems in that the user is not com-
pletely immersed in the virtual environment. In augmented reality systems, a heads-up dis-
play is used to superimpose computer generated graphics on the user’s view of the real
world. The superimposed images supplement the information available to the user in the
natural scene. For example, an augmented reality system could be used to help a repair
technician find the appropriate adjustment points in a complicated piece of machinery, or to
help a surgeon by superimposing CT data on a patient’s body, essentially giving a surgeon x-

ray vision.

Despite its potential, the development of functional AR systems faces several technical chal-
lenges. In many AR applications, it is crucial that the synthetic images be registered pre-
cisely with the real world. The degree of accuracy required depends on the task, but in many
cases the requirements are quite stringent. Furthermore, many tasks require large motions
of the user’s head, which place demands on the sensors which track head motion. Finally, in
nearly all cases display updates must occur with latency of only fraction of a second. These
technical challenges have prevented the development of viable, inexpensive AR systems for

precise applications.

We present a fast inexpensive augmented reality system designed for use with an optical
see-through head mounted display. The system is designed to track a user’s head position
using a CCD camera as a sensor. The camera is rigidly mounted on the user’s headsup dis-
play, and head position is tracked by observing a reference pattern printed on a nearby wall
or ceiling. By extending the reference pattern, the working volume of the sensor can be

made arbitrarily large. The system software runs on readily available computer hardware,






