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ABSTRACT 
This paper discusses experiences from implementing a mobile 
urban Web system using 2D visual barcodes as physical link 
anchors in the city and utilizing the users’ own mobile phones as 
interaction devices. We discuss the techniques and technologies 
used to create the system and the implemented services. Based on 
public use during the annual Aarhus Festival in September 2008, 
we evaluate the experiences and based on those we point to 
challenges and future developments. 

Categories and Subject Descriptors 
H.5.4 [Information Interfaces and Presentation]: Hypermedia. 
H.3.5 [Online Information Services]: Data Sharing, Web-based 
Services.  

General Terms 
Design, Experimentation, Human Factors. 

Keywords 
Mobile Web, Urban Computing, Location-awareness, Ubiquitous 
Link Anchors, Visual 2D Barcodes, Tags, Physical Hypermedia, 
Geo-spatial Hypermedia, Multimedia Blogging. 

1. INTRODUCTION 
Recent trends in pervasive computing that utilize and seek to 
support activities in urban environments have been coined Urban 
Computing [11]. These trends include mobile blog (moblogs) [2], 
various location-based mobile hypermedia services [7], pervasive 
games [9][12], location-based dramas [8], and large interactive 
displays [1][3] in the city.  

The urban computing applications presented in this paper were 
developed for and used during the annual Aarhus Festival in 
Denmark in 2008. The Aarhus Festival1 is among the largest 
cultural events in Scandinavia and showcases both local, national 
and international artists. The festival is a thematic event and the 
theme of the year determines the artistic program. The 2008 
theme was “Open City”. As part of this theme, a five-kilometer 
long route called “the Red Route” was established through the city 
center to allow festival participants to experience the city, its 

                                                                    
1 http://www.aarhusfestuge.com/ 

architecture, and its Festival activities. 

The purpose of developing the urban applications was two-fold: 
on the one hand to augment the path along the Red Route and 
make location sensitive information available about the city and 
festival events. On the other hand to create a platform for people 
to create, publish, and share their own contributions to the city 
and the festival with others in the city. In order to both utilize 
location-based information and let a large group of people use the 
application with their own mobile phones, we used 2D-barcodes 
(Semacodes [10]) as physical link anchors for information and the 
Web services in the streets of the city. A special mobile 
application was also created to scan and decode the barcodes and 
to present several location-based services to the user: a Web based 
information service, a mobile blogging service, and a lightweight 
poll services. Below we describe the infrastructure of the mobile 
application and the services and discuss each service in detail. 
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Figure 1. 2D barcodes are used to anchor a number of 

services and information in the urban environment. 



2. URBANWEB: INFRASTRUCTURE AND 
APPLICATIONS 
The applications and services presented here are developed on a 
common infrastructure for urban computing called UrbanWeb.  
The UrbanWeb infrastructure is designed to make location-sen-
sitive material available at relevant physical locations. The 
infrastructure is a lightweight, loosely coupled Web architecture 
where services and information are linked together or “mashed 
up” in the client applications, which makes it easy to reuse exist-
ing Web pages and create new applications that aggregate 
information and functionality from other services.  

One of the main goals of UrbanWeb is to create a lightweight me-
chanism for linking information and services to physical objects 
and locations. This is realized through a tagging mechanism called 
Ubiquitous Link Anchors [5][6] where resources and services are 
tagged with properties describing their physical context. These 
properties will typically come from one of more physical sensors 
as illustrated in Figure 1.(a). A number of sensor inputs can be 
associated with a given resource and afterwards data from any of 
these sensors may be used to create a link to the resource, e.g., if a 
resource is tagged with both a 2D-barcode, an RFID tag, and a 
GPS position, the resource may be retrieved with data from any of 
these three sensor types. This mechanism is quite flexible, as it 
does not require special purpose structures for representing 
different kinds of physical contexts, but simply relies on object 
tagging and queries over the data to represent the digital-physical 
relationships.  
The Festival application relies on 2D barcodes as ubiquitous link 
anchors. 2D barcodes are advantageous in that they can be used as 

low-fidelity location technology on most mobile phones, and they 
clearly illuminate link endpoints in the physical world. When 
decoded, they can provide a URL to linked information directly, 
as this is encoded in the barcode pattern. Location information is 
not provided explicitly by this technology, but rather implicitly as 
the proximity around the barcode. 
Most 2D barcode scanning programs do not handle the decoded 
URLs themselves, but launch the mobile phone’s built-in browser 
and redirect it to the URL. The UrbanWeb application, on the 
other hand, utilizes the URLs to integrate the Web resource with 
other services, such as the commenting facilities in the blogging 
service or poll services as illustrated in Figure 2.(b). The figure 
depicts how Web pages are assigned a unique URL to make it 
available from Web browsers. Each URL is encoded as a 2D 
visual tag and placed as a link marker at a physical location. 
However, the URL is also used as an ID in other services, e.g., to 
identify an associated moblog or poll. This approach provides a 
loose coupling between Web pages and the new services, since 
the link between them is handled by the application and the ser-
vices and not by the content carrying Web site. It is therefore 
quite easy to both anchor existing Web pages in the physical 
world and to augment them with new services without having to 
modify them or move them to a different CMS. It should be noted, 
that even though we use a custom 2D barcode scanner, the 
infrastructure is backward-compatible with existing tag scanners 
in that scanning one of the 2D-barcodes with a third-party scanner 
will still result in the URL of the original resource.  

UrbanWeb also provides a so-called “TinyTag” identifier, which 
is simply a mapping between the URL encoded in the barcode and 
a numeric number. TinyTags offer a convenient input method for 
mobile phones without a camera and their usage is quite similar to 
typing an SMS message and relieves the user from having to 
manually input long or cryptic URLs. Furthermore, as the numeric 
code is generated and printed as part the barcode, we can still rely 
on the 2D-pattern as an easily recognizable physical anchor for 
the link, but the interaction is more manual and similar to systems 
such as Yellow Arrow [13] that also relies on manual 
specification of the anchor. 

2.1 Location-based Information in the City 
To be compatible with the largest number of different mobile 
phones from different manufactures, the mobile UrbanWeb 
application was developed on the Java JME platform and themed 
to match the festival theme as illustrated in Figure 3. 

The basic service provided is the inherent application of 2D 
barcodes, namely physical, visual links to Web pages. Over 40 
different 2D barcodes (see Figure 1 and Figure 4) were placed at 
specific locations along the Red Route and the festival secretariat 
linked location-specific information to each of the barcodes. The 
information ranged from dynamic updated Web pages describing 
concerts and events to more static pages, which described the 
specific locations. Artists created other Web pages and tags were 
placed nearby their exhibitions to inform the displayed art. All 
this information was handled by the Festival’s existing CMS. 

2.2 Location-based Mobile Blogging 
The UrbanWeb application provided other services besides the 
basic linking service. Having scanned a barcode, the user could 
choose between these services from a menu as depicted in Figure 
3.(c). One of the services was the moblog service, which provided 
location-based commenting facilities on each of the 2D barcodes. 
Using this service, users could see comments by other users or 
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Figure 2. 2D barcodes as anchors for multiple services 



leave comments themselves on the tags. Comments could consist 
of text, photos taken with the phone, or existing images or video 
clips stored in the phone’s memory. The blogging interface is 
shown in Figure 3.(d). In this way, the 2D barcodes became 
anchor points for user-generated content in the city. 

The blogging service was implemented as a “static” service in the 
infrastructure, in the sense that each 2D barcode had, per 
definition, always an associated blog, whether this blog actually 
existed or not. If a user tried to read a blog or create a new blog 
post on a blog that did not exist, the blog would dynamically be 
created and presented to the user. Thus, by using the UrbanWeb 
application, any URL encoded in a 2D barcode could be 
augmented with the commenting facilities of the moblog service. 

2.3 Location-based Polls 
Like the moblog service, the poll service allowed active user 
participating. Instead of letting users create new content, the poll 
service was used to let users vote and participate in predefined 
polls and quizzes created by the Festival secretariat. Most of the 
2D barcodes along the Red Route had associated polls, but the 
secretariat also created a number of special quiz signs, inviting 
users to participate. Each of these signs were placed nearby 
statues that were wrapped in opaque red plastic. In the quiz the 
user is asked to recall the material, structure or theme of the 
hidden statue (see Figure 3.(e-f)). 

The poll service is an example of a “dynamic” service. Each 2D 
barcodes does not automatically have a poll associated with it, but 
polls can be tagged with the URL encoded in the barcode to create 
the link between the barcode and the poll. When the user scans a 
2D barcode, the application queries the poll service for any 
available polls. If a poll has been linked to the barcode, it is 
presented in the user interface, but if no poll is found, the poll 
entry in the service menu is not visible (see Figure 3.(c)).  

Dynamic services are more general, than the static services, since 
arbitrary dynamic services can be linked to a physical context 
through various ubiquitous link anchor techniques. Then, when-
ever the mobile application registers a change in the user’s context 
(e.g. when the user scans a tag) it can query the UrbanWeb 

infrastructure for available service that are compatible with the 
mobile application and present the available services to the user. 

2.4 Program- and News Reader 
The final service provided by the UrbanWeb application was a 
RSS based program- and newsreader. This service used RSS feeds 
from the Festival’s Web site to make an up-to-date mobile version 
of the festival program available and to provide the users with the 
latest news published by the festival secretariat. Unlike the other 
services, the program- and newsreader was not dependent on the 
users’ current location, but simply provided easy mobile access to 
some of the festivals existing Web services. 

3. EVALUATION 
The 2D barcodes were placed along the Red Route for a 10 day- 
period in the end of August and the beginning September 2008, 
and the UrbanWeb services have thus been evaluated in this 
period. The mobile application was distributed through an online 
installation system that was accessible through an SMS text 
service2. Instructions on how to get the application were printed in 
the printed festival program and on large posters in the city. 
During the 10 days we had over 800 installations. The program- 
and newsreader was the most used service with more than 1200 
unique hits. The festival Web pages were read 397 times and we 
received 58 poll answers. Blogs were the least used service, with 
only a couple of entries, and mostly from people interested in the 
technology and not the festival itself. The numbers may seem 
modest, but this kind of service was introduced in Denmark (by 
us) for the first time at previous years Festival, and it takes time 
establish this form of mobile phone interaction.  

The mobile program- and newsreader was the most used service. 
This may be attributed to the different use of the service: all the 
other services require the user to be physically co-located with the 
2D barcodes, while the RSS reader can be used from any location 
and is available as soon as the mobile application is installed. 
Furthermore, information about the festival program may also be 
relevant to more people than the more specific location-sensitive 
information linked to the barcodes in the city. 
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Figure 3. The mobile phone user interface. 
 

 
Figure 4. The “Red Route” in the city of Aarhus. The dots 

represent the location of some of the 2D barcodes. 
 



The numbers in Table 1 reveals, that 51% of the hits on the 
festival Web pages came from barcodes placed in the center of the 
city, with the most activities (Åboulevarden, Store Torv, and Lille 
Torv in Figure 4), while only 16% actually read the Web pages 
linked to the special poll signs (on the same number of 2D 
barcodes). On the other hand 50% of the hits on the poll service 
came from barcodes on the special poll signs, even though they 
only counted for 15% of the total number of barcodes. One way to 
read these numbers is that there have probable been more visitors 
in the center of the city, than on the other parts of the Red Route, 
which is no surprise since there were more activities at that 
location. The numbers also indicate that it is easier to get people 
to participate when there is an immediate reward; in this case the 
special poll signs actually explained why and how to participate in 
the poll, and the results were shown right after a vote was send. 
The rest of the barcodes did not have a similar explanation, and 
thus required people know in advance what to expect.  

The lack of a purpose may also explain why the blogging service 
was hardly used—what is the motivation for writing on the blog at 
a given location? Who do you want to share the experience with? 
What is gained by using time to take photos and upload them? We 
expect that a lack of purpose and the short lifetime of the blogs 
during the festival may be the reason why the blogging service 
was not used much in its current general form. 

4. CONCLUSION AND FUTURE WORK  
The current Festival experiences and previous work with a Local 
Theater group, Katapult, providing Urban Dramas [8] with 
another UrbanWeb applications shows that such location based 
mobile services requires some introduction and motivation for the 
users. When given that the mobile and location-aware Web 
services show a lot of potentials for people to interact with the 
urban environment in new ways.  

Compared to the use of the other services, the blog service was 
virtually not used. In order to get people to participate and 
contribute to location-based blogs, we need to revise Grudins [4] 
general observation on collaborative systems, saying that you 
need to get at least as much out of the system as you need to 
deliver. We believe that the Web 2.0 activities can be brought out 
in the city, but there needs to be a goal and rewards for 
participating. This requires a longer perspective than 10 days and 
rewards in terms of e.g. political influence on the city 
development, or the possibilities to access others reviews of 
restaurants or the like. We also believe that location-based Web 
access via e.g. Google Maps and access via urban screens [3] to 
the information contributed by users will be motivating. Finally, 
pervasive games [9] also seem to get the gaming segment of the 
population to participate. Finally, we learned that some users 

would like to have easier ways of uploading pictures, sounds, and 
videos than they had from the blog that requires creation of a new 
item with text and everything to just upload a picture. 

Regarding future work, we have got the opportunity from January 
to December 2009, to establish a set of UrbanWeb based services 
in Århus, Denmark, as part of the 100 year celebration of a 
national exhibition in Århus. The theme of this one year event is 
Dialog09, thus we sees the UrbanWeb applications as an 
important means of creating dialogue the city. We hope that a 
large volume of interesting content, engaging debates, quizzes and 
rewarding games will emerge. This will allow us to do a large 
scale long lasting evaluation of the various services. 

5. ACKNOWLEDGMENTS 
This work was supported by ISIS Katrinebjerg, Center for 
Interactive Spaces and the Alexandra Institute. The UrbanWeb 
project is funded by the Danish Agency for Science, Technology 
and Innovation, project 274-07-0218. We also wish to thank our 
center colleagues and our collaborators at the Aarhus Festival. 

6. REFERENCES 
[1] Aarhus By Light. 2008.http://www.aarhusbylight.dk 
[2] Bamford, W., Coulton, P., and Edwards, R. 2007. Space-time 

travel blogging using a mobile phone. In Proc. of the 
international Conf. on Advances in Computer Entertainment 
Technology (Salzburg, Austria, June 13 - 15, 2007). ACE '07, 
vol. 203. ACM, New York, NY, 1-8. 

[3] BBC Big Screens. 2008. http://www.bbc.co.uk/bigscreens/ 
[4] Grudin, J. 1988. Why CSCW applications fail: problems in 

the design and evaluation of organization of organizational 
interfaces. In Proc. of the 1988 ACM Conf. on Computer-
Supported Cooperative Work (Portland, Oregon, USA, 
September 26 - 28, 1988). ACM Press, NY, 85-93. 

[5] Hansen, F. A. 2006. Ubiquitous annotation systems: 
technologies and challenges. In Proceedings Proc. of the 17th 
ACM Hypertext Conf.ACM Conference on Hypertext and 
Hypermedia (Odense, Denmark, August 22 - 25, 2006). 
ACM Press., 121-132. 

[6] Hansen, F. A. and Grønbæk, K. 2008. Social web 
applications in the city: a lightweight infrastructure for urban 
computing. In Proc. of the 19th ACM Hypertext Conf. 
(Pittsburgh, PA, USA, June 19 - 21, 2008). 175-180.  

[7] Hansen, F. A., et al. 2004. Integrating the Web and the 
World: Contextual trails on the move. In Proc. of the 15th 
ACM Hypertext Conf., pages 98–107, Santa Cruz, CA, US. 

[8] Hansen, F. A., Kortbek, K. J., and Grønbæk, K. 2008. Mobile 
Urban Drama - Setting the Stage with Location Based 
Technologies. In Proc. of 1st Joint Int. Conf. on Interactive 
Digital Storytelling (Erfurt, Germany 26-29 November). 
Springer Verlag. 

[9] Magerkurth, C., et al. 2005. Pervasive games: bringing 
computer entertainment back to the real world. Comput. 
Entertain. 3, 3 (Jul. 2005), 4-4. 

[10] Semacode. 2008. Web page: http://semacode.com/ 
[11] Shklovski, I. and Chang, M. F. 2006. Guest Editors' 

Introduction: Urban Computing--Navigating Space and 
Context. Computer 39, 9 (Sep. 2006), 36-37. 

[12] Walther, B. K. 2005. Atomic actions─molecular experience: 
theory of pervasive gaming. Comput. Entertain. 3, 3 (Jul. 
2005), 4-4. 

[13] Yellow Arrow. 2005.  Web page: http://yellowarrow.net 
 

Table 1. Location of the barcodes and the used services. 

 Web Poll Blog RSS 

Total 397 58 5 1210 

City Centre 51% 5% - n/a 

Poll Signs 16% 50% - n/a 

Posters 16% 34% 80% n/a 

Other 17% 11% 20% n/a 

 
 




