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SENsOR NETWORKs

that both react to the environment and 
provide information about their loca -
tion in space. 

To keep the interface for application 
programmers minimal, the client-
side network communication is en
capsulated in the Ubitrack client 
library. It supports interaction with 
the Ubitrack system at various degrees 
of complexity, ranging from simple 
“Where is object A?” queries to persistent 
requests for tracking data of all objects 
matching a given predicate with the 
additional specification of desired 
tracking quality and base coordinate  
frames.

Application
A developer writes an application con-
forming to interfaces in the Ubitrack 
client library. Using this interface, the 
application becomes part of the data-
�ow network. The application retrieves 
information using callback nodes in the 
data �ow and can pass information into 
the data �ow using call-forward nodes.

Data�ow Network 
The data�ow network is formed by 
jointly executed processes run by the cli-
ents. It retrieves, processes, transmits, 
and delivers the actual sensor data.  
The data flow’s reconfiguration is  

triggered by the Ubitrack server, but it’s 
interpreted and executed by the Ubi-
track client library.

Spatial Relationship Graphs
To enable the automated analysis and 
synthesis of complex tracking scena
rios, a formal description of the situation  
is necessary. Inspired by the informal 
coordinate frame drawings frequently 
found in robotics papers (such as that by 
R.Y. Tsai and R.K. Lenz2), we proposed 
the use of SRGs.3 The graph’s nodes 
represent the coordinate frames of real 
or virtual objects, whereas the directed 
edges represent the spatial relationships 

T he Ubitrack approach incorporates results from several 

research areas.

Augmented and Virtual Reality
Distributed VR applications have traditionally relied on  

application-level rather than device-level distribution of events, 

for example, through distributed scene graphs. 1,2 This might 

have been a more straightforward solution for connecting dis -

tributed VR sites with static physical con�guration, but it doesn’t 

address the need for dynamic recon�guration at runtime.

AR applications, especially those for mobile users, require 

coverage of larger physical areas as well as greater �exibility in 

the type of supported devices. Speci�cally, fusion of hetero -

geneous sensors is used both to improve tracking quality and 

cover larger areas.3 Gudrun Klinker and her colleagues �rst 

postulated distributed tracking concepts necessary to propel 

AR beyond the con�nes of the laboratory into serious industrial 

settings.4

In AR and VR applications, data�ow networks processing high-

frequency streams of sensor data have proven to be a useful ap-

proach for device abstraction. Two prominent examples are the 

Virtual Reality Peripheral Network (VRPN) 5 and OpenTracker.6 

The Ubitrack framework automatically computes suitable data-

�ow graphs given an abstract semantic representation of the 

world in form of an spatial relationship graph (SRG).

In recent years, researchers have made signi�cant progress in 

the development of optical natural feature-based self-localization 

systems,7 which don’t rely on technical infrastructure. Therefore, 

the use of middleware might seem unnecessary for such systems. 

However, to realize a meaningful pervasive AR application, com-

mon coordinate frames must be established and positions of  

objects and features exchanged. In addition, access to other  

sensors can improve robustness and accuracy.

Ubiquitous Computing
The use of heterogeneous sensors and context-aware computing 

is much more common in the ubicomp area than in AR. Several 

ubicomp systems deal with wide-area sensor networks and fed-

erated sensor data models, such as Nexus,8 QoSDream,9 and the 

context toolkit. 10 However, these approaches primarily consider 

low-bandwidth communication. Therefore, they aren’t directly 

applicable to AR’s real-time and low-latency requirements.

Location models for ubicomp are frequently described in 

terms of Hightower’s location stack.11 The Ubitrack system 

mostly covers the functionality of the measurement, fusion, and 

arrangement layers. However, because we separate con�gura-

tion and runtime layers, a straightforward mapping of individual 

Ubitrack components onto the location stack layers is impossible. 

The EasyLiving Geometric Model used graph models to repre-

sent different coordinate systems.12 However, because it used un-

directed (rather than directed) graph edges and a simple graph 

search (rather than spatial relationship patterns), this approach is 

less powerful than the Ubitrack framework.

Computer Vision and Robotics
The SRG concept was heavily inspired by the informal coordinate 

frame drawings frequently found in robotics papers. 13 Further-

more, robotics has developed a rich collection of algorithms for 

alignment and fusion in multisensor systems. Our development 

of the spatial relationship pattern framework was driven by the 

desire to make these algorithms available to mobile AR and VR 

setups, which our �rst Ubitrack system didn’t support.

Related Work in Ubiquitous Tracking
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