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ABSTRACT

While virtual reality has been researched in many ways for spa-
tial and scienti�c visualizations, comparatively little has been ex-
plored for visualizations of more abstract kinds of data. In particu-
lar, stereoscopic and VR environments for graph visualization have
only been applied as limited extensions to standard 2D techniques
(e.g. using stereoscopy for highlighting). In this work, we explore a
new, immersive approach for graph visualization, designed speci�-
cally for virtual reality environments.

1 INTRODUCTION

Information visualization generally allows for arbitrary mapping of
data to the display, allowing for great control over how the data
is presented. As such, information visualization approaches tradi-
tionally eschew 3D techniques; projecting a 3D visualization onto
a 2D display often leads to substantial overplot and clutter issues,
which are often avoidable through better 2D representations. How-
ever, this limitation only strictly applies to 2D displays. The onset
of ubiquitous, consumer-level stereoscopic displays has prompted
questions of the potential effectiveness of 3D information visual-
ization techniques.

While stereoscopic displays used to be rare and cost-prohibitive,
nowadays 3D capable displays have become ubiquitous. The most
common of these are conventionally shaped displays paired with
eyewear that is either active (an LCD over each eye alternates views
in sync with the display) or passive (polarization of light differs per
eye). Head tracking has also been employed for many displays in
order to improve immersion. However, when limited to a small
rectangular screen in front, overall immersion is limited.

Large displays (such as CAVE systems [10]) extend these ap-
proaches to �ll as much of the users' view area as possible to im-
prove immersion. However, such systems are not only bulky space-
wise, but cost-prohibitive in general, as they require a large number
of displays, and massive amounts of processing to drive them all.

Another alternative is head mounted displays (HMDs), where a
small, but high resolution display is placed directly in front of the
user's eyes, such that each eye's view can be tightly controlled (as
in Figure 1). Such an interface has a nice advantage in that it be-
comes unnecessary to show the entire scene at once; just the view-
ers view frustum is ever rendered, and it utilizes the user's own spa-
tial memory to convey context. Due to recent, rapid improvements
in pixel densities and low latency head tracking, such HMD devices
have become increasingly more feasible and affordable. Consumer-
grade head-mounted displays (such as the Oculus Rift) have been
gaining great popularity in recent years, and are quickly nearing a
point where they can be treated as commodity hardware.
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Figure 1: Head Mounted Devices render a warped view with tight
control for each eye. Our approach for graph visualization uses tech-
niques targeted specifically for such displays. Color in all figures cor-
responds to clusters.

While immersive techniques for scienti�c visualization have
been a driving force behind the development of virtual reality sys-
tems, the application of immersive systems to information visual-
ization has been comparatively sparse. Whether or not stereoscopy
can be bene�tial for many information visualization tasks is still an
open question [5, 18]. However, graph visualizations in particular
have been shown to bene�t greatly [24, 25].

While there are several works that explore stereoscopic graph
visualization, there are actually extremely few investigations into
the applicability of VR to the �eld of graph visualization, and most
of these simply use a standard graph approach and add stereoscopy
[3]. The work we present here explores the possibilities of applying
modern virtual reality hardware to create a more immersive graph
visualization. Our graph visualization approach is designed specif-
ically for a virtual reality environment and includes several novel
techniques crafted expressly for this purpose. Speci�cally, the con-
tributions of this work are:

� 3 graph layout algorithms for the surface of a sphere

� A spherical edge routing and bundling approach, to be viewed
from the inside

� An application of line rendering techniques from scienti�c vi-
sualizations to the �eld of graph visualization

� A VR interaction paradigm for graph visualization

2 RELATED WORKS

Stereoscopy and VR has a long history with scienti�c visualization,
including GIS data [4], volume data [26], and medical imaging data
[19]. When the data is inherently 3D and spatial, such techniques
are a natural �t.

Information visualization has made much less use of stereo-
scopic techniques. 3D in general has been used in information
visualization for a long time [5]. It is often implemented poorly
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