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Abstract. There are many locations that are not within reach, or at least not within 
affordable reach, of the optical fibres, copper cables, radio waves or even satellite 
links that make up the physical infrastructure of the world’s networks. This makes 
a true challenge for the Future Internet. One of the new technologies currently 
being investigated as one possible enabler is Delay Tolerant Networking (DTN), 
the future standardization of which is prepared in the DTN research group, 
DTNRG, within the realms of IETF/IRTF. Providing applications that exploit 
these advances is generally perceived as vital to getting these advances out into the 
field. It is a reasonable assumption that the applications that are the presently most 
used in the “normal” internet will continue to be of most importance also in 
hitherto not ICT covered areas. But, for local SMEs the rational may rather be 
development of specialized services that increase the efficiency and market 
potentials for their activities in remote locations. 

Extended abstract 

Many locations in the world are not within reach, or at least not within affordable 
reach, of the optical fibres, copper cables, radio waves or even satellite links that make 
up the physical infrastructure of the world’s networks. This makes a true challenge for 
the Future Internet. One of the new technologies currently being investigated as enabler 
is Delay Tolerant Networking (DTN), the future standardization of which is prepared in 
the DTN research group, DTNRG, within the realms of IETF/IRTF. This article 
explores the options from a service or application point of view, for DTN 
implementations to become successful ICT access enablers for challenging scenarios, 
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such as remote and rural communities, authorities and commercial interests that operate 
in communication challenged regions (CCR) such as the Scandinavian mountains, the 
Kocevje region in Slovenia or other. 

 
For settings such as the above described, it is reasonable to pose that providing 

applications that exploit the progress made in DTN research is vital to getting these 
advances out into the field. Because of the novelty of DTN, there is a distribution of the 
actual development work for the applications. The FP7 ICT project Networking for 
Communications Challenged Communities (N4C) is one of the projects currently 
working on taking the next step to realizing the perceived potentials of DTN. N4C 
operates with an integrated networking architecture intended to treat the conventional 
Internet infrastructure and DTN as peers rather than presenting DTN as an alternative 
link layer technology as is usual when integrating different sort of transmission 
technology into IP networks. Working with the aim to open areas for internet access 
that have hitherto not been covered by modern communications and, in that process 
choosing what applications to take on, highlights that the approach to services can vary 
largely and, that the interpretations of attractive options are connected to the socio-
economic stance from which the situation is viewed. Different hypotheses and geneses 
can be traced for each application. For instance, one can assume that the applications 
that are the presently most used in the “normal” internet will continue to be of most 
importance also in hitherto not ICT covered areas. For members of the internet expert 
community, e-mail and www access has been the prime target. But, locally active 
SMEs involved in N4C demonstrate other interests; the rationale for their involvement 
in the project is the development of specialized services that increase the efficiency and 
market potentials for their activities in remote locations. It can be noted that the 
application that generate traffic enough to first motivate a DTN enabled network being 
built and run, is not necessarily the same as will eventually be the most important for 
creating sustainable conditions for remote and rural communities.  

 
Pervasive Computing in Extreme Areas; The Hiker's Personal Digital Assistant 

Hiker's PDA is an example of a pervasive system developed in the project N4C. 
N4C is exploring the use of Delay Tolerant Networks (DTN) [1][2] to provide 
connectivity and services in Communications Challenged Regions (CCR), where there 
is no infrastructure for connection to Internet and no mobile phone coverage. Delay 
Tolerant Networking is concerned with interconnecting highly heterogeneous networks 
together even if the end-to-end connectivity may never be available.  Examples of 
application include networking in space (e.g. the provision of Internet during inter-
planetary travels), underwater, and some forms of ad-hoc sensor/actuator networks [3]. 
In N4C a set of pervasive applications are provided using a DTN infrastructure in 
remote areas of Swedish Lapland and the Slovenian forests. 

As stated earlier, the communication system is fundamental to any pervasive 
system. A prerequisite for pervasive applications is connection to the Internet, usually 
provided by wireless communication. Since TCP/IP is an end-to-end protocol it tends 
to time out when communication is delayed or disrupted. However, many types of 
applications are inherently delay tolerant and could perfectly well have survived such 
disruptions, if it were not for the behaviour of the underlying network service. In order 
to extend the realm of pervasive systems to include delay tolerant applications, one 
must use a delay tolerant protocol. The N4C paradigm emphasises the nomadic nature 
of both users and by implication the network as a whole – In N4C the user is the 



network, in contrast to the conventional Internet where the network and the user, with 
the end-node, are functionally and physically separated. 

 
 Users and applications 
The users of the N4C’s Hiker’s PDA are reindeer herders, tourist guides, nature 

park rangers, police and tourists in the vast wilderness areas in the Arctic area of 
Scandinavia and Slovenia. On top of the DTN infrastructure they have access to the 
following applications: Email, Map service with GPS (for Location Based Services), 
NotSoIM (Not So Instant Messaging) for communicating with other people in the field, 
Web Service (e.g. to access cached web pages and RSS) and the GeoBlog. The 
GeoBlog is a special blog containing field observations where pictures and GPS 
localization may be added. When random users are within communication range, their 
PDAs will synchronize geoblogs so that the registrations are exchanged. The GeoBlogs 
will be visible locally in the map application Maemo Mapper, and eventually, when the 
first hiker reaches a gateway with Internet connection, at the N4C GeoBlog on the 
Internet. 

 
 System Architecture 
These applications are provided in small and low-cost computers, such as Ultra 

Mobile PCs and Netbooks. Two different types of computers are tested in the current 
version, Asus Eee PC as gateway nodes and the UMPC Nokia N810 as the Hiker’s 
PDA (end-user node). The nodes are interconnected using WiFi (802.11) with a DTN 
protocol whenever they are within WiFi range. The Asus has no internal GPS, so an 
external usb-GPS from Holux is used. The Nokia N810 has built-in GPS, but it is not a 
SiRF star III based GPS, which makes its performance suffer, compared to the Holux. 

 

 
Figure 1: Topology for summer test in a remote Lappish village using 3 Nokia810. There are 4 hotspots: one 
in a tent, 2 in helicopters and one on a mountain. The gateway to Internet resides in the helicopter base 
station in Ritsem. 



The Software architecture is divided in four different tiers; see Figure 2.The 
Application layer called Hiker’s PDA contains the applications. The middleware layer 
relays with the DTN layer which may provide communication to the Internet or to 
different CCRs. The DTN is on top of the Link layer which is managing the different 
communications (e.g. WiFi, WiMax and Bluetooth).  The implementation of the 
software platform is based on Python. The hybrid synchronization service in the 
middleware layer uses XML-RPC for synchronization of meta-data, and http for 
synchronization of user data. The auto-discovery function uses IPv6 and multicast. 

 
Figure 2. N4C software model with applications, middleware, DTN and link tiers. 

Future work 
 

N4C is an ongoing project with 3 development iterations, 1 of them completed. 
The second field tests have been completed during summer 2009. During the first two 
iterations automatic and manual synchronization have been implemented, none of these 
approaches are suitable to all the applications.  Therefore a new improved version is 
being designed to support hybrid synchronization which can be customized to the 
specific needs of the different applications. Additionally, the next version will include 
improvements in the user interfaces and the integration of new DTN technologies (e.g. 
DTN2 and/or PRoPHET). 
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