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ABSTRACT

With the miniaturization of projection technology, the integration of tiny projection units into mobile devices
is no longer fiction; therefore, such integrated projectors in mobile devices could make mobile projection
ubiquitous. These phones will have the ability to project large-scale information onto any surfaces in the real
world, and by doing so, the interaction space of the mobile device can be considerably expanded. In addi-
tion, physical objects in the environment can be augmented with additional information, which can support
interaction concepts that are not even possible on modern desktop computers today. The authors believe
that mobile camera-projector units can form a promising interface type for mobile Augmented Reality (AR)
applications, thus, this paper identifies different application classes of such interfaces. In addition, different
spatial setups of camera and projector units will have an effect on the possible applications and the interac-
tion space with the focus on the augmentation of real word objects in the environment. This paper presents
two examples of applications for mobile camera-projector units and different hardware prototypes that allow
augmentation of real world objects.
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INTRODUCTION AND
MOTIVATION

Mobile phones are used for a wide range of
applications and services in today’s everyday
life, but still they have many limitations. Aside
from the lack of working memory and the small
display size is one of the major bottlenecks.
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Digital projectors are shrunken to the size of
a mobile phone. The next step is to integrate
them directly into the mobile device. Up to
now several prototypes have been presented,
and the first series-production device is already
up for pre-order. First prototype phones with
integrated projectors already existand are avail-
able on the consumers market but both models
are currently not available on the mass market.
Such phones could overcome the shortcomings
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of'the small screen and make it possible to pres-
ent large and complex information like maps
or web pages without the need for zooming or
panning (Hang et al., 2008). Considering the
anticipated widespread availability of phones
with integrated cameras and projectors in just
a few months, surprisingly little research has
been conducted so far to investigate the poten-
tial of such a mobile unit (in the following we
use the term mobile camera-projector unit as a
synonym for a mobile phone equipped with a
camera and a projector). We identify different
application types based on the spatial configu-
ration of the camera and the projector. As part
of this classification, we derive three different
application types using of different spatial
layouts of cameras and projectors: congruent
setups, partially intersecting setups and disjunct
setups. Such a classification isuseful to structure
the design space of mobile camera-projector
systems, because we think otherresearchers can
categorize theirapplications to focus on specific
problems and topics of each type. Our approach
needs to be elaborated further and more deeply
by others researches, but we think it still gives
a good framing of this important problem for
the usability of mobile camera-projector units,
because mobile projector phones and mobile
projection is still a young research field.

The remainder of this paper is structured
as follows. Related work in the field of mobile
projection and mobile camera projector units
as well as the general interaction with mobile
devices is presented in Section 2. Section 3
describes the different application classes of
these interfaces. In this conceptual section
we also discuss how the spatial layout of the
camera relative to the mobile projection unit
can affect the characteristics of applications for
this new sort of hardware. Next, two example
applications are presented: Map Torchlight and
LittleProjectedPlanet. Map Torchlightis an ap-
plication that combines high resolution paper
maps with lightweight mobile projection to
augment the paper map directly with additional
personal and dynamic information. The mobile
camera-projector unit is tracked over a paper

map and precisely highlights points of interest,
streets, and areas to give directions and other
guidance for interacting with the map (Schoning
et al., 2009). With the LittleProjectedPlanet
prototype (Lochtefeld et al., 2009) we explore
the possibilities of camera projector phones with
amobile adaptation of the Playstation 3™(PS3)
game LittleBigPlanet™. The camera projector
unit is used to augment the hand drawings of
a user with an overlay displaying physical in-
teraction of virtual objects with the real world.
Players can sketch a 2D world on a sheet of
paper or use an existing physical configuration
of objects and let the physics engine simulate
physical procedures in this world to achieve
game goals. Inaddition, we discuss the technical
setups we used in both prototypes. Finally, we
provide some concluding remarks and outline
different scenarios where mobile camera projec-
tor units can be useful in the future.

RELATED WORK

Initial research on mobile projection interfaces
was conducted by Raskar et al. (2005) with the
iLamps. While the iLamps mainly focused on
creating distortion free projection on various
surfaces, or using multiple projectors to create
alarger projection, the follow-up of the iLamps,
the RFIGLamps (Raskar et al., 2004), were
used to create object adaptive projections. Set
inawarehouse scenario, the RFIGLamps could
be used for example to mark products where
the date of expiry is close to the actual date.
Blasko et al. explored the interaction with a
wrist-worn projection display by simulating the
mobile projector with a steerable projector in a
lab. To examine the possibilities of multi-user
interaction with a mobile projector, Cao et al.
used an instrumented room to create several
information spaces, which could be explored
with handheld projectors (Cao & Balakrish-
nan, 2006). Cao et al. (2007) also investigated
the usage of mobile projector in a multi-user
scenario. Hang et al. (2008) have outlined the
advantages of projected displays in contrast
to displays of a mobile phone for exploring
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