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Virtual environments have traditionally been accessed
either with conventional 2D displays, or with complex
equipment such as wearable displays or CAVEs. In this
demo, we show how a projector phone can be utilized
to create an ad-hoc, low-fidelity immersive
environment. The user holding a projector phone
stands in the middle of a virtual sphere, or cube, that is
revealed by the projection which can be pointed in any
direction.
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Introduction
Immersive environments, where the user experiences
the illusion of being in the middle of surroundings other
than the current physical environment, have
traditionally used one of the following two technical
approaches to display the digital landscape to the user.
The first approach utilizes a CAVE type system, which
was first introduced in the early 1990’s [2] and where
the user is surrounded with large projected displays,
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which form walls (and maybe a floor and/or ceiling)
around the user. The second approach utilizes headmounted displays (HMD) [5], where the virtual
environment is visualized to the user via a wearable
display. In this paper, we propose another technique,
utilizing a handheld portable projector. Whereas our
approach does not provide immersion in the same
sense as CAVE and HMD systems, it offers an
interesting approach which combines the benefits of
portability, in situ sharing of the visualization to a group
of people, and low cost.
Mobile projector technology has potential for use in
various different types of application areas [3], in
addition to the obvious use case of showing videos and
photos. For instance, it has been used to augment
physical objects, such as maps [4], by projecting digital
information on top of them. Winkler et al. [11]
proposed a mobile phone attached projector for
projecting content on to a table and sharing it with the
person in the call, the Sixth Sense [9] project
illustrated several possible concepts e.g. for creating
ad-hoc user interfaces with a mobile projector unit, and
Molyneaux et al. [6] have extensively studied
environment-aware projection for infrastructure-based
and infrastructure-less cases. Our demonstration
expands the set of proposed use cases for projector
phones introduced in prior art by linking it more closely
to the domain of immersive environments.
Figure 1. Portable CAVE

Prototype
In the Portable CAVE project, we examine the
possibilities of using projector phones to create ad-hoc
immersive environments. Our prototype uses the
spotlight metaphor [7] to reveal parts of a virtual
environment, which is visualized as a sphere (or rather,
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a cube) around the user. The system aims to create the
illusion of the user standing in the middle of a hidden,
virtual environment, which the user can access by
pointing the projector phone to an arbitrary direction
(360 degrees in 3D) around him/her. The use of the
prototype is illustrated in Figure 1, where the user is
moving the projector horizontally. The same action can
be done also vertically, using the floor and the ceiling
as surfaces for projected images of the virtual
environment.
The CAVE projector application consists of two parts: a
3D-scene with a skybox (a 3D cube with textures on
the inside surfaces) with a camera in the center, and a
sensor fusion algorithm which uses the phone's
gyroscope, accelerometer and magnetometer to
calculate the phone's orientation. The orientation is
used to rotate the camera in the scene to point in the
direction where the phone is pointing. In order to
maintain a stable visual presentation, the rotation of
the phone around the axis of the hand is corrected,
thus keeping the virtual world image horizontally
aligned with the physical world. The demo
implementation uses the Samsung Galaxy Beam
Android phone.

Discussion
To best of our knowledge, our demonstrator illustrates
a novel way to browse and access a virtual
environment. Immersive environments have been used
e.g. for applications related to gaming [10] and
architectural and historical constructions [1], and we
see that our approach has potential for application
development in these areas. The research on
immersive environments has so far been dominated by
approaches utilizing large and/or special equipment
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such as HMDs. We believe our approach is interesting
particularly for its low cost and accessibility, since small
projectors can already be integrated into ordinary
smart phones. When interacting with the system, we
found the browsing experience surprisingly smooth and
engaging, and in the future we aim to validate this by
conducting user studies with the prototype. Our plans
for the future include studying the use of perspective
correction [8], as well as further application
development around the technology.
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