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Research Trends in Head Worn Displays for VR and AR
Kiyoshi Kiyokawa, Osaka University

The current big wave of
virtual reality (VR) and
augmented reality (AR)
is featured by head worn
displays (HWDs) from IT
and

giants game

companies targeting a
large number of consumers, such as Microsoft
HoloLens, Google-funded Magic Leap,
Facebook-owned Oculus Rift, Sony PlayStation
VR, and HTC VIVE. Some 50 years after
Sutherland’s first prototype HWD in the late
1960’s, VR and AR may finally become a

standard computing environment for general

public.
Despite the increasing attention and
expectation, however, current HWD

technologies are still far from perfect. Ideally, a
HWD should be able to present arbitrary visual
stimuli that are indistinguishable from the
reality. In the case of AR, user should not notice
temporal, and spatial

any visual,

inconsistencies between the reality and
augmentations. Toward this goal, a tremendous
number of research activities exist to eliminate
such inconsistencies and to improve visual

experiences. Just a few examples include 1)

head worn light field displays by using a
microlens array or a stack of time-multiplexed,
light-attenuating display layers, 2) wide
field-of-view optical see-through (OST) HWDs
by semi-transparent

using  hyperboloidal

mirrors (e.g. ours) or an array of micro
projection modules, and 3) occlusion-capable
OST HWDs by using an intermediate masking
layer (e.g. ours). Instead of manufacturing
observation-based

aberration-free optics,

correction approaches have widely been
investigated, for example, for color-blending and
view-dependent optical aberrations.

Observing the user’s eye is another hot issue.
For example, measuring eye position with
regard to the HWD screen, which is essential for
spatial consistency in AR, can be automated by
tracking the limbus (note that eye trackers
normally do not give eye positions). In the case
of OST HWDs, virtual content is overlaid on the
user’s retina and its final image is inaccessible.
Corneal reflection gives a good approximation of
the augmented view from the user’s perspective
and an opportunity to analyze and optimize the
visual quality. We call such OST HWD based AR

“corneal feedback AR.” It can achieve several

unique features such as automated eye position
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estimation and gaze tracking (e.g. ours), visual experience 1s perceived as natural

automated brightness adjustment, and gazed extension of one’s native sense of vision, and we

object recognition. would like to keep contributing to this long-term
One day, HWDs will become a powerful vision.

everyday tool in a way that such modulated
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