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Abstract. This paper presents a novel multiperspective visualization
(MPV) approach designed to improve navigation efficiency in Virtual Re-
ality applications. The MPYV is continuous and non-redundant, it shows
the near part of the scene with a conventional, first-person visualization
to anchor the user, and it is controlled with user head translations and
rotations reminiscent of natural motion. Three types of anchored MPV
are introduced, one that provides a lateral disocclusion effect, allowing
the user to see around occluders and through side portals, one that pro-
vides a vertical disocclusion effect, allowing the user to see over and
on top of occluders, and one that provides teleportation, allowing the
user to relocate. The VR navigation efficiency benefits of the anchored
MPYV have been analyzed in a user study. Significant improvements were
achieved in the metrics of number of teleportations and total distance
traveled. In these metrics, large or greater Cohen’s d effect sizes were
observed at p-values below 0.05 in a first VR scene, while medium effect
sizes at p-values of 0.1 or better were observed in a second VR scene.
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1 Introduction

In Virtual Reality (VR) applications, a head-mounted display (HMD) tracked
with six degrees of freedom supports using real walking for natural navigation,
where there is an identity mapping between the user’s physical and virtual mo-
tion. The user selects the desired view intuitively, by walking to translate the
viewpoint, and by rotating their head to change view direction. However, real
walking navigation presents several challenges. One challenge is the fact that the
real world space hosting the VR application is typically smaller and of a different
shape compared to the virtual space, which can prevent the user from reaching
some desired viewpoints. For example, a desired viewpoint might coincide with
real-world furniture, it might be beyond the walls of the real world room, or it
might be high up, on a higher level of a multistory virtual world that is hard to
reach.

Another challenge is that in complex virtual world scenes occlusions limit
how much the user can see from any given viewpoint. Comprehensive exploration
requires translating the viewpoint to circumvent occluders and to gain line of
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Fig. 1: Top: lateral disocclusion effect. The side corridor is occluded in a conven-
tional visualization (left), and visible in our anchored multiperspective visual-
ization (MPV) (right). The disocclusion effect was deployed by the user with a
small left translation of their head. The MPV shows the near part of the scene
conventionally, anchoring the user. Bottom: vertical disocclusion effect. A con-
ventional visualization does not show on top of the ledge (left), whereas our
anchored MPV does (right). The disocclusion effect was deployed by the user
with a small upward translation of their head achieved by getting up on their tip-
toes. The MPV shows the ledge and the walls in front of the ledge conventionally,
anchoring the user.

sight to all potential regions of interest (ROIs). When a potential ROI turns out
to be of no interest, the user has to retrace their path and to explore the next
one. Such sequential scene exploration is inefficient. Furthermore, when scene
understanding depends on seeing several ROIs simultaneously, or on visualizing
dynamic, possibly evading targets, sequential scene exploration is ineffective.

Another reason why real walking might not always be desirable is based on
ergonomics considerations. For some applications, the user might prefer not to
expend the energy needed to navigate the VR world by always walking and
rotating their head in the real world. In other words, for applications where
the experience of actual physical locomotion is not essential, users might prefer
navigation interface constructs that allow them to see more with less physical
effort in a shorter amount of time.

Many approaches have been investigated for overcoming these challenges of
using real walking for navigation in VR. One promising approach is based on mul-
tiperspective visualization (MPV), which relies on images that integrate samples
captured from multiple viewpoints. Consider a virtual scene with two corridors
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intersecting at a right angle. Using a conventional visualization, a user has to
translate the viewpoint up to the intersection to examine the side corridors in
search of an ROL. If, on the other hand, an MPV shows not only the main cor-
ridor but also the side corridors, the user can examine the side corridors from
their current location, which avoids the unnecessary navigation to the intersec-
tion when the side corridors turn out to be empty. Similarly, MPV can let the
user see distant parts of the scene, without having to move beyond the walls of
the real world space hosting the VR application. An MPV can also let the user
examine two potential ROIs simultaneously, in parallel, even when no conven-
tional visualization can show both ROIs at the same time.

Harvesting these potential advantages of MPV in the context of VR naviga-
tion requires solving two problems: (1) to design an MPV that is effective, i.e.
that has the high information payload needed for navigation efficiency, but that
remains easy to interpret by the user, and that does not induce user disorien-
tation or motion sickness; (2) to devise navigation interface elements that allow
the user to invoke their MPV superpower intuitively, in order to benefit from
the additional perspective quickly and to the fullest extent.

In this paper we present anchored multiperspective visualization, a novel
multiperspective visualization method designed to improve VR navigation effi-
ciency. Our method was designed based on the following principles: (1) the MPV
image should be continuous and non-redundant; (2) the MPV should show the
near part of the scene with a conventional first-person visualization controlled
through natural motion, anchoring the user; and (3) the MPV effect should be
controlled with user motions reminiscent of natural motion, by tethering the
secondary perspective selection to the user’s head rotations and translations.

We have designed three types of anchored MPV. The first type allows the
user to achieve a lateral disocclusion effect (Fig. 1, top) The user cannot see down
the right side corridor with a conventional visualization (left). The MPV (right)
integrates a secondary perspective into the main user’s perspective, allowing the
user to see down the right side corridor. The secondary perspective is controlled
by the user translating their head to the left as if to look around a corner.
The small head translation is amplified and applied to a secondary viewpoint
that swings into place to reveal the side corridor. The user view change is used
directly, without amplification, to render the nearby geometry, which remains in
agreement with the user’s proprioception to anchor the user.

The second type of anchored MPV allows the user to achieve a vertical dis-
occlusion effect (Fig. 1, bottom). The user cannot see on top of the ledge in
a conventional visualization (left). The MPV (right) integrates an additional
perspective, with a high up viewpoint, to reveal the object on the ledge. The
secondary perspective is controlled by the user by getting up on their tiptoes
as if to examine a tall shelf above eye level. The small vertical user viewpoint
translation is amplified and applied to a secondary viewpoint that translates up
the necessary amount to see on top of the ledge.

The third type of anchored MPV allows the user to teleport from one location
to another. MPV disoccludes parts of the scene not visible from the main user
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viewpoint, but it does not and should not produce a visualization that shows
the entire scene. Consequently, the need to quickly move directly to a distant
location of the scene remains even in MPV navigation. We have designed an
anchored MPV teleportation method that proceeds in two stages, evocative of
how a caterpillar moves (Fig. 2). First, the secondary viewpoint moves forward,
getting closer to the far part of the scene, translating from the origin to the
destination, while the primary viewpoint doesn’t move, remaining at the origin.
Second, the primary viewpoint moves forward to the secondary viewpoint, while
the secondary viewpoint doesn’t move.

We have conducted a user study to detect and quantify any VR navigation
efficiency benefits brought by our anchored MPV method. 16 participants were
divided evenly in a control group, who used conventional visualization, and an
experiment group, who used our anchored MPV. Each participant performed a
searching task and a matching task in each of two virtual environments: a single-
story area of connected rooms, and a larger room with walkways suspended from
the periphery walls, high above the room floor. For the first environment the
experiment group participants had available our lateral disocclusion anchored
MPV, and for the second environment they had available our vertical disocclu-
sion anchored MPV. In all cases, all participants had the ability to teleport to
any scene location to which they had line of sight. The experiment group used
our MPV teleportation. The experiment group performed significantly better
than the control group in the first virtual environment, achieving improvements
in the metrics of distance traveled and number of teleportations. Cohen’s d effect
size of large and greater was observed with p-values below 0:05. In the more com-
plex second virtual environment, the experiment group achieved improvements
of medium Cohen’s d effect size at p-values of 0:1 and less. Experiment group
participants also reported improvements in spatial awareness and perceived nav-
igation efficiency.

In summary, our paper makes the following contributions: (1) a set of prin-
ciples for designing VR navigation methods based on multiperspective visual-
ization, (2) three anchored multiperspective visualization based on our design
principles, one for lateral disocclusion, one for vertical disocclusion, and one for
teleportation, and (3) a user study confirming the potential of our anchored
MPV to improve VR navigation efficiency.

2 Prior Work

In VR, a preferred scene navigation modality is actual user locomotion in the
physical space, which is translated to matching view changes in the virtual world.
However, the physical space typically differs considerably from the virtual space.
Due to this mismatch, some virtual viewpoints become inaccessible. In Sec-
tion 2.1, we discuss this challenge and prior work aimed at alleviating it. Another
challenge arises from the reduction in visualization efficiency due to occlusions
of ROIs by scene geometry, forcing the user to search for an unobstructed line
of sight through extensive viewpoint navigation. In Section 2.2 we review prior






