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Abstract 
In this paper we describe an image based object recognition and 
tracking method for mobile AR-devices and the correlative 
process to generate the required data. The object recognition and 
tracking base on the 3D-geometries of the related objects. 
Correspondings between live camera images and 3D-models are 
generated and used to determine the location and orientation of 
objects in the current scene. The required data for the object 
recognition is generated from common 3D-CAD-files using a 
dedicated process model.  

The object recognition and tracking method as well as the 
correlative generation process for the needed data are developed 
within the AR-PDA project. The AR-PDA is a personal digital 
assistant (e.g. PDA or 3rd generation mobile phone with an 
integrated camera), which uses AR technology to efficiently 
support consumers and service forces during their daily tasks. 

Keywords: Augmented reality, AR, mobile devices, object 
recognition, object tracking, PDA, process model 

1    Introduction 
Within the last years Virtual Reality (VR) technology has 
successfully made its way from research institutes into industrial 
practice. Today VR is one of the upcoming key technologies in 
many fields of industrial production (e.g. engineering design, 
manufacturing, mechanical maintenance, training, marketing and 
sales support) [Gausemeier et al. 2001]. 

1.1  Augmented Reality 
Augmented Reality (AR) is a new form of man-machine interface, 
which is closely related to VR [Behringer et al. 1999]. In contrast 
to Virtual Reality, where the user is totally immersed in the 
computer generated world, Augmented Reality joins com-puter 
generated word and reality (see figure 1). 

Figure 1: Reality - Virtuality (RV) Continuum [Milgram et al. 
1994] 

Figure 2: Assembly instructions are inserted into the users field of 
view via a head mounted display 

In Augmented Reality the computer provides additional 
information, that enhances or augments the real world. The user 
can interact with the real world in a natural way, with the AR-
system providing information and assistance. Therefore, AR 
enhances reality by superimposing information rather then 
completely replacing it. 

The information can be inserted in a context-dependent way, 
i.e. derived appropriately from the visualized object. Among
others, AR could therefore act as a substitute for the traditional
assembly manual, for example by inserting assembly instructions
into the field of view of a person per-forming an assembly task
(see figure 2).

1.2  The AR-PDA Project 
Recent advantages have shown, that the base technology of AR 
(computer vision, tracking [Kanade and Uenohara 1995], I/O 
devices, animated 3D-graphics) have matured the point of being 
usable only by specialists. While these advantages have laid the 
foundation for use of AR in application areas like maintenance or 
computer aided design [ARVIKA], there is still a significant lack 
of research projects, that consider the use of Augmented Reality 
for the consumer market. 

In March 2000 the German Ministry for Research and 
Training (BMBF) initiated a competition for innovative VR/AR 
research projects. One of the funded projects is the AR-PDA 
project. The AR-PDA project involves the development of a 
hardware and software system for a mobile personal digital 
assistant (AR-PDA), which can be classified alongside mobile 
phones, notebooks and organizers [AR-PDA]. This assistant uses 
AR-technology to support users in their daily tasks. Therefore the 
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user aims at real objects with the AR-PDA. An integrated camera 
takes the live video images and the AR-PDA sends the video 
stream by mobile radiocommunication (e.g. UMTS) to the AR-
server. The server recognizes the objects by analyzing the image 
and establishes the relevant context-sensitive information, which 
is added to the video stream (like multimedia elements, such as 
sound, video, text, images or virtual objects) and then sent back to 
the AR-PDA. 

We chose domestic appliances as a typical application 
scenario. In this context the AR-PDA provides the consumer with 
product information, tips on purchasing, starting up, using, 
repairing and servicing domestic appliances in a very 
straightforward way. The AR-PDA also allows direct con-tact 
with customer services so that an expert advice can be requested. 
It is also planned to use the AR-PDA in the framework of "mobile 
business" applications. 

The following seven partners from academia and industry are 
involved in this project: UNITY AG, Siemens AG C-LAB, 
Lunatic Interactive Productions GmbH, Miele & Cie. GmbH & 
Co., Technical University of Ilmenau, University of Paderborn 
and the Heinz Nixdorf Institute. 

1.3  AR-PDA System Architecture 
Using the AR-PDA real camera images are enhanced by virtual 
illustration objects (e.g. 3D-objects, videos, pictures, text) and 
personalized user interactions with the augmented scene are 
supported.  

Figure 3: Transmission of the videostream between the AR-PDA 
and the server 

 
Therefore a dedicated client/server-architecture will be 

developed [Gausemeier et al. 2002], which supports an 
outsourcing of the CPU-intensive optical tracking and scene 
augmentation on a server (see figure 3). 

The clients reach from PDAs to mobile phones, which are 
equipped with cameras to film the reality with the relevant 
objects. Todays clients are not able to achieve the requirements 
for the CPU-intensive data processing in the area of augmented 
reality. Therefore the client primarily displays data and receives 
user interactions. The scalable design of the whole architecture 
stays abreast of changes in the development of future mobile 
devices. So tasks could be distributed flexible between client and 
server.  

The server is responsible for the intensive computing in the 
field of image recognition, image processing and optical tracking. 
It receives the video data from the client via wireless broadband 
connection. Till now TCP/IP over wireless LAN (IEEE802.11b) 
and telecommunications standards for video conferencing like 
H.263 are used for the communication between client and server 
[Geiger et al. 2001; Geiger et al. 2001]. Certainly these standards 
will be supported in the future by new technologies like UMTS 
[Prasad et al. 2000]. 

2    Extraction of Model Characteristics 
The image based object recognition system of the AR-PDA is 
premised on 3D-geometries of the corresponding objects. For this 
task, the suitable characteristics and attributes of these objects 
(e.g. dominant edges, homogenous/inhomogenous areas) have to 
analyzed and extracted form the related 3D-models (see figure 4). 

Figure 4: Data generation process for the object recognition 
system 

 
As pool, company appropriate 3D-CAD-systems are used. 

The image based object recognition and tracking system uses 
complexity reduced 3D-models. For the data generation process 
the starting point is the PDM1-system. Based on a PDM-file the 
internal product structure with all its components can be 
extracted. Each component has a corresponding 3D-CAD file, 
which is used as 3D-raw-data. The next step is the detection and 
clearing of auxiliary geometries, which describe the appearance of 
surfaces in the geometry (e.g. clearances, holes). These are used 
by some 3D-CAD-systems like CATIA V4. Subsequent a polygon 
reduction is performed, because the performance of the terminal 
device (PDA or mobile phone) has a significantly reduced 3D-
graphics performance than a present desktop computer with a 3D-
graphics accelerator card. After the polygon reduction an 
extraction of dominant edges of the 3D-model is performed. 
Based on the dominant edges a definition of the corresponding 
points, edges and surfaces takes place. Sub-sequent the following 
three relations are generated: 
                                                                    
1 Product Data Management (PDM) describes the management 
and classification of design data and specifications for an 
engineered product, and the management of change to this 
information [Mesihovic and Malmqvist 2000]. 
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Figure 11: If the view point is moving from left to right, features 
are hided (middle), or features are appearing by moving from 

right to left 
 
In most cases we can reuse previous determined feature 

correspondences for pose determination, as long as the 
correspondence value from the verification step remains above the 
threshold. 

4    Implementation of the First Prototype 
Till this day the design phase for the AR-PDA is almost 
completed. Now a demonstrator is implemented for the first 
milestone, in which the AR-PDA is used as a virtual sales 
assistant to illustrate and explain the details of a technical device 
(see figure 12). As AR-PDA we use an Compaq iPAQ 3760 
equipped with a wireless LAN adapter and a camera device. The 
optical object recognition is done by a PIII, 1,7 GHz PC, equipped 
with a GForce III graphics card and a connected Wireless LAN 
access point. 

 
Figure 12: Prototype of the AR-PDA: The real image of an 

oven is augmented with a virtual telescope trolley 
 

The actual prototype allows the object recognition and 
tracking of moving objects, an augmentation of the scene using 
animated 3D-objects or pictures and a personalized user 
interaction by touching the display with a pen. 

One of the major challenges was the reduction of the high 
delay times - first it took about three seconds to refresh the picture 
when moving the AR-PDA or making an user inter-action. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 13a: Extracted edges 
from live video 

Figure 13b: Corresponding 
edges from 3D-CAD-model 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 13c: Augmentation with 
3D-illustration objects  

Figure 13d: Composition of 
video and augmentation 

 
With the before described strategies for reducing of 

hypotheses, we can significantly lower the number of 
combinations from about 106 to less than 1000. For a good 
interactability, we need at least 16 frames per second (fps). This 
means, if it takes about 1ms for calculation and verifying per 
hypothesis, the number of hypotheses has to be limited to less 
than 63 (≈1000/16). 

In our first prototype, with significant features and only one 
object to recognize, we reduced the number of hypotheses down 
to about 100. This results in a object recognition working with 10 
fps.  

In figure 13a the significant edges extracted from the camera 
image, marked with 1 and 2 are shown, which are compared with 
the significant edges (see figure 13b). However the success of the 
approach depends strongly on the recognition of the significant 
features. In difficult or changing lighting conditions the features 
are detected, but they can-not be classified by their color and 
therefore the number of hypotheses rises. Like every vision-based 
tracking system the shown approach cannot work, if the images 
have too little contrast.  

We sped up the estimation of position of already recognized 
objects even more, by using feature tracking of previously used 
features. In cases where feature tracking works well, it takes a 
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very short time (≤ 10ms) for computation of a new position which 
ensures interactive frame rates for the augmentation of the 
images. Figure 13d shows the camera image of an oven which is 
augmented by an animation of a virtual moving shelf (see figure 
13c).  

The video is also updated at interactive frame rates, e.g. upon 
changing the camera viewpoint in 3D. In this case an interaction 
in real time is now possible. 

5    Summary and Outlook 
The envisaged approach describes a real time image based object 
recognition method for mobile devices, which bases on the 3D-
geometries of the related objects. The generation of the 
correspondences between the live video images and the 3D-
geometries are used to determine the location and orientation of  
objects in the current scene. Till now this new object recognition 
method is fast enough to support an interaction in real time in a 
limited scope (recognition of only one object and a highly 
contrasting environment). But not all described methods of 
making assertions are still used in the current prototype.  

The main focus of the next steps is the execution of further 
performance tests and an improvement of the systems 
performance as well as an inclusion of a higher number of 
attributes for the object tracking system (like homogenous and 
inhomogenous areas). Therefore the extraction of model 
characteristics must be adapted as well as the examination of 
further heuristics for edge and feature extraction from 3D-CAD-
models. Moreover the occurred interferences (e.g. changing 
lighting conditions, low contrast environment) must be minimized 
to get a more robust object recognition and tracking system. 
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