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Abstract portant considerations for the architecture, following meth-
ods from the Architecture Tradeoff Analysis Method [6].

Research prototypes in AR usually do not emphasize soft- Among the architecturally relevahtgh-priority quality
ware architecture. Nevertheless, their architecture is not attributes were tracking and rendering latency, wireless and
arbitrary, but results from specific needs. Architectural ap- network-disconnected operation, use of multiple tracking
proaches embodying research contributions are of particu- devices, component addition and reuse, and the ability to
lar value for reuse at component and architectural levels. integrate existing AR components.

We have conducted a study of existing AR software ar-  Severalow-priority quality attributes were limiting CPU
chitectures for the ARVIKA project [10]. This has resulted load, fault tolerance and system uptime, security, reconfig-
in a catalog of important desired quality attributes for AR urability at runtime, support for different simultaneous in-
systems, a reference architecture for comparison of AR ar-put modalities, adaptability to users’ preferences and abil-
chitectures, and a catalog of architectural approaches used ities, support for multiple users, support for multiple hard-
in current AR systems. We believe this lays the foundationware platforms, and ease of integrating legacy components.
for further research in AR software architectures.

3. Reference Architecture

1. Introduction In order to facilitate comparison of AR software archi-
tectures described in different notations, we extractest-a
Most existing Augmented Reality (AR) systems focus on erence architecturén which we define standard terms for
a particular subsystem, such as position tracking or human-software components typically found in AR systems (Fig-
computer interaction. Only a few take a comprehensive ap-ure 1). While no single system actually uses this architec-
proach with AR as part of an enterprise-wide system. Theture, each can, to some extent, be mapped onto it.
link to enterprise information systems, an important aspect We identified six subsystems common to most AR archi-
in industry, is rarely considered. tectures:Application containing application-specific logic
Within the ARVIKA consortium, we conducted a study and content, and access to legacy systems and databases;
on AR software architectures, analyzing ARVIKA [10], Tracking responsible for determining the users’ and other
AIBAS [15], ArcheoGuide [1], AR-PDA [2], AR- objects’ pose;Control, which gathers and processes user
Toolkit [3], Aura [4], BARS [5], the Boeing wire bun- input;Presentationwhich uses 3D and other output modal-
dle assembly prototype [7], DWARF [8], EMMIE [9], Im- ities; Context which collects different types of context data
ageTclAR [12], MARS [13], MR Platform [14], prototypes and makes it available to other subsystems; &vutld
by Siemens Corporate Research [16], STAR [17], Studier- Model which stores and provides information about real

stube [18], Tinmith [19], and UbiCom [20]. and virtual objects around the user.
An overview of this study is presented here; the full ver-  We have mapped ARVIKA and DWARF onto this refer-
sion is available from the authors upon request. ence architecture; we propose to map others in the future.
2. Desired Quality Attribtues 4. Architectural Approaches
In questionnaires we distributed to many different ARre-  Based on the reference model, we identified several com-
search groups, we asked whighality attributeswere im- monly usedapproachegor implementing them. We see this
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Figure 1. Reference architecture showing
subsystems and their dependencies

as afirst step towards the development of a pattern language
for AR systems in the sense of [11]. We catalogued the ap-
proaches, providing goal, motivation, description, usability,
consequences and known use for each. This allows devel-
opers to consider the impact of design decisions on the sys-
tem’s quality attributes. Figure 2 shows the relationships
between the approaches we have identified.
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In this work, we have laid the foundation for further re- [5]
search in AR software architectures. We would like to en- 6]
courage the AR community to compare their software archi-
tectures with our reference architecture, and to extend our
catalog of architectural approaches (on the web at [8]), es- [7]
pecially for the more difficult areas of AR. We believe that,
in the future, this could result in a guidebook towards de-
signing application-specific AR software architectures, pro-
viding a substantial aid to AR software architects.

5. Conclusion
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