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Abstract
Virtual and augmented reality (VR/AR) are expected to revolutionise entertainment, healthcare, communication and the manufacturing industries among many others. Near-eye displays are an enabling vessel for VR/AR applications, which have to tackle
many challenges related to ergonomics, comfort, visual quality and natural interaction. These challenges are related to the
core elements of these near-eye display hardware and tracking technologies. In this state-of-the-art report, we investigate the
background theory of perception and vision as well as the latest advancements in display engineering and tracking technologies.
We begin our discussion by describing the basics of light and image formation. Later, we recount principles of visual perception
by relating to the human visual system. We provide two structured overviews on state-of-the-art near-eye display and tracking
technologies involved in such near-eye displays. We conclude by outlining unresolved research questions to inspire the next
generation of researchers.

1. Introduction
Near-eye displays are an enabling head-mounted technology that
immerses the user in a virtual world (VR) or augments the real world
(AR) by overlaying digital information, or anything in between on
the spectrum that is becoming known as ‘cross/extended reality’
(XR). Near-eye displays respond to head motion and allow for object
manipulation and interaction. Having recently flooded the market,
near-eye displays have the power to create novel experiences that
potentially revolutionise healthcare, communication, entertainment
and the manufacturing industries among others.
Two notable reviews of VR technologies in the 1990s by two
pioneers in the field, Stephen R. Ellis and Frederick P. Brooks,
outlined the fundamental challenges that existed back then, which,
if solved, would enable the commercial success of XR technologies [Ell94, Bro99]. Although many of these challenges have been
addressed, including low display cost, high resolution, low latency,
6-DoF tracking, complex rendering capability in real time and industry leaders entering the field, still, displays suffer from ergonomic,
comfort, visual quality and interaction issues. Content for AR/VR
is difficult and expensive to produce, and not yet abundant to the
average non-technical consumer. As Ellis stipulated, because of
unresolved display issues, VR had not yet found the ‘spreadsheet’
or ‘killer’ application, which would enable thousands of users to
find solutions to previously intractable problems [Ell94]. What does
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it take to go from VR ‘barely working’ as Brooks described VR’s
technological status in 1999, to technologies being seamlessly integrated in the everyday lives of the consumer, going from prototype
to production status?
The shortcomings of current near-eye displays stem from both imperfect tracking technologies as well as the limitations of the display
hardware and rendering algorithms that cannot generate light that
is perceived identically to naturally occurring light patterns. This
is often the cause of conflicts in the human visual system. The major difference between traditional computer graphics and near-eye
displays, is that whereas in computer graphics we often strive for
photo-realism – aiming to render like a camera would capture – in
near-eye displays, we aim for a physically correct retinal image,
i.e., natural images or perceptual realism. On the bright side, the
human visual system is also limited, allowing us to exploit these
limitations to engineer displays that are perceptually effective, i.e.,
use visual perception as the optimising function for hardware and
software design. Such an endeavour demands a multidisciplinary effort to develop novel near-eye display technologies, involving vision
scientists, perceptual engineers, as well as software and hardware
engineers.
In this state-of-the-art report, we analyse new advancements in
display engineering that are driven by a broader understanding of
vision science, which has led to computational displays for near-eye

