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Abstract

The heterogeneity and the complexity of modern production systems lead to difficult maintenance and
service operations. Therefore the exigencies for machine operators and service technicians increase.
Augmented Reality (AR) is a technology that offers new possibilities of support during the realization of
complex operations. It allows the visualization of instructions of a working step together with machine and
process data directly in the field of vision of the operator. Three research focuses will be addressed in the
paper: markerless tracking procedures for industrial environments, user-adequate AR devices and
engineering tools for the efficient creation of AR-based manuals.
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1 INTRODUCTION

Ongoing technological innovations have led to powerful
though complex production systems, which are difficult to
handle for service technicians. Normally these production
systems consist of components from different
manufacturers and hence combine different design
concepts. Due to the heterogeneity and the complexity of
modern production systems the maintenance and service
operations become more and more difficult. Another
challenge for the service is the global sales and
distribution of production systems. Original equipment
manufacturers (OEMSs) are often small and medium-sized
enterprises that cannot open a service office close to all
customer locations. Therefore the OEMs have to develop
new service concepts that enable the operating company
to independently undertake as many repair and
maintenance operations as possible.

A promising approach that has the potential to overcome
the described challenges is the use of Augmented Reality
(AR) in the area of industrial service. AR allows the
visualization of instructions of a working step together with
machine and process data directly in the field of vision of
the operator. Thus, the digital information merges with the
environment of the user who receives all important
information at the location where he needs it.

This paper describes the results of the project ARTESAS
funded by the German federal ministry of education and
research from February 2004 to June 2006. The project
aimed at the exploration and evaluation of Augmented
Reality base technologies for applications in industrial
service environments. Due to the interdisciplinary
consortium, which comprised research and industrial
partners from different business areas innovative results
were achieved. Three research focuses were addressed
in the project: markerless tracking procedures for rough
industrial environments, user-adequate AR devices
according to technological and ergonomic aspects, and
engineering tools for the efficient creation of AR-based
manuals.
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Figure 1: Functional principle of an AR system

2 AUGMENTED REALITY SYSTEMS

An AR system, as it is defined by Azuma [1], possesses
the following three characteristics: it combines real and
virtual views, is reacting in real time and is registered in
three dimensions. The most critical task in an AR system
is to concatenate the virtual objects with the real
environment because the user is more sensitive to visual
misalignments than to the type of errors that might occur
in a standard Virtual Reality system [2].

In Figure 2 a typical AR architecture is shown. The main
hardware components are the AR device to visualize the
information, a video camera needed to estimate the
position and pose of the user's head and a portable
computer system. The tracking framework analyzes the
images from the video camera and estimates the actual
field of vision of the user. The rendering component is
used to visualize the virtual objects. Additionally, the
information system provides the AR system with the
context relevant information in a situation-suitable way.
Therefore this information system needs to be linked to
the information resources of the enterprise.
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Figure 2: Augmented Reality system

3 HEAD-WORN DISPLAY

Although the definition of Azuma does not specify the type
of the display, many approaches to AR use a head-worn
display (HWD). The main advantage of this technology is
that it superimposes the virtual objects directly in the
normal perception of the user, allowing him to concentrate
on the actual performed operation. As a technician
normally needs both hands for a typical service operation,
the use of a mobile AR device like a HWD is necessary
for a useful support for the service of production systems.

HWDs can be grouped into two different types of optics:
optical and video see-through displays. Optical see-
through HWDs have a semitransparent combiner that
allows the user to see the real environment but also
reflect the light from a micro display. By this, they
generate an overlay of virtual objects onto the real scene.
In contrast, video see-through HWDs block the sight of
the real environment. The video from a camera is
combined with the virtual scene and the result is sent to
monitors in front of the user's eye. Machinery service
applications require an explicit view of the environment
that only optical see-through HWDs can provide.

When the project ARTESAS started in 2004 the quality
regarding optical and ergonomic features of existing
optical see-through HWDs was unsatisfactory. Therefore
the development of a user-adequate HWD according to
the technological and ergonomic requirements for the
machinery service was a focus of the project. Most
important aspects were the wearing comfort, weight and
the adaptation to the user including the correction of
anetropia. The prototype developed within the project by
the Carl Zeiss AG is shown in Figure 3.

Figure 3: Optical see-through HWD (source: Carl Zeiss AG)

The device is similar to normal glasses and only weights
approximately 85 grams due to a complete plastic design
of both optics and glasses. This allows comfortable
wearing of the HWD over a long period. The adaptation to
users with anetropia is possible by attaching lenses to the
device. Furthermore the projection device can be
switched between the left and the right eye. The
augmentable field of vision is 30 degrees diagonal and the
resolution of the OLED-display is 800x600 pixels (true
color). To mount a video device needed to track the user’s
position and pose the HWD provides a mechanical
interface to fix the camera at the right position to assure
that it perceives the same picture as the user.

4 TRACKING FRAMEWORK

A critical task in an AR system is to concatenate the
virtual objects with the real environment. As the user is
not fixed to a defined location but conducts unpredictable
movements the position of the superimposed virtual
objects need to be adapted in real time. The process to
determine the user’s sight is called tracking and is
required to render the virtual objects into the field of view
of the user. The most promising solution to this challenge
is the computer vision based approach that uses a
camera that is attached to the HWD [3]. The viewpoint of
a user can be determined based on the changes in the
video stream captured by the camera.

The most common approach is the use of markers that
are fixed at a known position. Simple image segmentation
algorithms can be used to perform a fast identification of
the markers and allow the exact determination of the
user's sight. Because the instrumentation of the
environment is not possible in many industrial applications
like the machinery service, the marker-based tracking
approach cannot be used in these areas. A problem of
marker-based tracking is its sensitivity to occlusions,
leading to a stop of the tracking process stops if a marker
is occluded. Thus, a robust markerless tracking
technology that does not require any marker or other
hardware installations was developed in the ARTESAS
project. A requirement for the markerless tracking is a 3D
model of the considered environment.

The tracking framework, developed by the Christian-
Albrecht-University of Computer Science and Applied
Mathematics (CAU), the Fraunhofer Institute for Computer
Graphics (IGD) and Metaio, combines different tracking
methods that together are superior to a single tracking
algorithm. The initialization is done by comparing the
processed input images with an edge model generated
from 3D CAD-models. The tracking algorithm is described
in detail in [4]. Because the speed of this algorithm is to
slow for real-time tracking [5] a different tracking method
is used after the initialization is complete. For this purpose
a SfM (Structure from Motion) is applied, where features
in the 2D camera image are analyzed and
correspondences with the 3D model are established [5].
These 2D-3D correspondences allow the computation of
the desired camera pose efficiently [6]. If this tracking
algorithm fails a reinitialization is necessary which is
similar to the initialization but with the requirement that no
user interaction is possible. Therefore a SIFT matcher is
implemented that bases on a polygon model of the
environment. During normal tracking the SIFT algorithm is
in the “Learn” mode where it only acquires new reference
data (images and the associated pose). If tracking is
interrupted, the algorithm switches to the “Relnit” mode
and tries to determine the pose of the actual image from
the previously acquired data.



The three described methods yield in a robust markerless
tracking framework that in conjunction with an AR
rendering software like the ARBrowser [4] can be
executed on a small mobile PC that is comfortable for the
user to wear. Together with the earlier described HWD a
system was developed that is able to display virtual
objects at the correct position relatively to the real
environment and fulfils the technical and ergonomic
requirements for the use in the area of machinery service.
For a complete AR scenario an engineering system is
necessary allowing the creation of AR content that later
will be visualized by the runtime system to support the
user.

5 AUTHORING SYSTEM

Today common manuals have a monolitic structure like a
printed document or a PDF file. The content of such a
manual is not machine interpretable and, therefore,
cannot be used for context-sensitive support systems like
an AR machinery service system. Furthermore, it is not
possible to automatically convert the content of existing
manuals into a format that can be used for an AR system.
Therefore new engineering components are required to
support the technical editor by the creation of AR content.
An intelligent runtime system that processes the input
information is used to reduce the engineering effort.

An effective approach to assist a service technician is to
employ AR workflows [7]. An AR workflow consists of
single scenes that can contain AR symbols, textual notes
and actual data from the machine control. The sequential
concatenation of different scenes forms an AR workflow
that describes a coherent task. At the start of ARTESAS,
no engineering tools allowing an efficient creation of AR
workflows were available. Therefore, an authoring system
for AR workflows containing a scene editor to choose and
arrange augmentation relative to the real world objects
(fig. 4) and a workflow editor to concatenate the scenes to
a structured workflow (fig. 5) was developed.

The scene editor requires a running AR system to define
the position of the augmentation relative to the
environment. Thus, a notebook containing the scene
editor, the tracking system and a video camera is
necessary. The scene editor offers the user a graphical
user interface that allows him to place a range of different
symbols as well as text directly in the camera image and
comfortably manipulate the size, color and rotation of the

Figure 4: AR scene editor

Figure 5: Exemplary structure of a workflow

augmentation. Because the position of the augmentations
needs to be defined in 3D, the z-coordinate must be
determined and entered manually. Another disadvantage
of the developed editor is that the user must be located
close to the real objects that are to be augmented. For
this reason, currently another scene editor is under
development where the virtual objects can be placed in a
3D CAD-model of the environment. This will allow the
user to perform the authoring process directly from his
workplace without the requirement for being close to the
augmented environment. Additionally, it avoids the
necessity to manually determine and enter the z-
coordinate of an augmentation and, therefore, advances
the authoring process of AR scenes substantially. Both
systems store the created scenes in the same XML
format, which makes them replaceable depending on the
presence of 3D model data.

The second component of the authoring system is the
workflow editor that allows the user to graphically
concatenate the created scenes to a complete AR
workflow. A workflow consists of a number of different
scenes and the transitions between them. It is possible to
define a restriction for a transition that must be fulfilled
when the workflow is processed at runtime. This allows
adapting a workflow to the actual context, e.g. depending
on the knowledge of the service technician some scenes
can be skipped. A single scene can have connections to
one or more other scenes. The workflow editor enables
the user to add or remove scenes to or from a workflow,
to build transitions between them and to define the
restrictions for a transition. The result of the workflow
authoring process is a XML file that can be processed by
the runtime service support system to guide a technician
through maintenance or repair processes.

To present to the user the needed workflow, a runtime
system must either support the technician by finding the
right workflow or it must automatically select the right
workflow by analyzing the actual context and the state of
a production system with a diagnosis system. In
ARTESAS a service support system was developed,
where the user can select the right workflow and navigate
from one task to another directly by speech commands.
This form of interaction enables the technician to use both
hands for the performed service task. Available workflows
and the feedback of a command are displayed directly in
the head-worn display which gives him the possibility to
correct a misunderstood command. Because the
workflows are stored in an information system based on a
model of the considered production system, the technician
can find a needed workflow by navigating through this
model. In cases where a large number of workflows exists
this effectively facilitates the search.



6 AUTOMATIC WORKFLOW GENERATION

The effort to create a large number of workflows with the
described system can be very high. Because many
scenes are often reused in different workflows, the
engineering effort is high especially for workflows. Thus, a
system to automatically concatenate the scenes to a
complete workflow was developed. It is based on an
ontology-based information model that consists of an
agreed collection of concepts and relations between them,
which represent the discussed engineering domain, i.e.
the production system [8].

The structures and relations in the model representing a
production system serve different applications as a
knowledge base, e.g. the automatic workflow generation
system or a failure diagnosis system. Additionally they
offer a structured access to information sources such as
documentations of production systems.

The input data for the automatic workflow generation
process are sequential combined scenes, called
fragments, with a well-defined initial and final state.
Fragments are always assigned to concrete state
changes. To concatenate fragments to a workflow the
information model is wused to build additional
dependencies between the fragments and to define
constrains when a fragment can be used. For example
before a certain component can be disassembled, all
connected components have to be unplugged in advance.
In this case, the information that one component is
connected to other components is extracted from the
information model (figure 6).

Figure 6: Workflow generation process

7 SUMMARY

This paper presents results of the ARTESAS project
funded by the Federal Ministry of Education and Research
from 2003 to 2005. In the project an AR system was
developed that supports a service technician by the
realization of maintenance and repair tasks. The system
includes all hardware and software components that are
needed for a complete AR runtime environment as well as
an engineering framework to create the AR content.

In ARTESAS an innovative markerless tracking
framework was developed avoiding a time-consuming
instrumentation of the environment and satisfying the
requirements of an AR system in the area of production
systems. Instead of markers, 3D models are used to
determine the position and orientation of the user. The
framework is based on a combination of different
algorithms for initialization, continuous tracking and
reinitialization. With this approach the advantages of each
algorithm are combined and lead to a method that is

superior to a tracking system that bases on a single
algorithm.

Additionally, a user-adequate see-through head-worn
display was developed that can be worn for a period of a
couple of hours without problems due to its low. Wearing
this HWD the user can use both hands to perform a
service operation while receiving the needed instructions
at the same time.

The developed engineering framework facilitates the
authoring of AR content and, therefore, provides the basis
for a successful introduction of the AR system in the
service of production systems. In conjunction with the
developed tool for the automatic generation of workflows
a system allowing an efficient creation of AR content was
developed.

Although the AR system was mainly developed for repair
and maintenance operations it can be applied in other
applications that require operator interaction as well.
Connected to the controller of a production system the AR
system can visualize both instructions and context
relevant information like machine and process data.
Training is another interesting application area of the
system because the knowledge of a user about a
production system is still low and instructions visualized
directly in the field of vision are better understandable and
accomplishable than information from traditional manuals
or oral instructions from a teacher.
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