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Abstract. This paper describes how combining Delay tolerant networking (DTN) 
and Opportunistic routing is suggested to solve a shortage of connectivity 
prospects and ICT access among a semi nomadic population in northern Europe, 
the indigenous Sámi reindeer herders. The setting is topographically challenging 
and demanding in terms of power access as this community herd their reindeer in 
unsettled areas including nature reservations. A “normal” fixed infra structure is 
not feasible and, because of the nomadic husbandry practice, the geographic 
location where access demand occurs differently throughout the year. The DTN 
based suggested solution, which is now in experimental stage research within the 
FP7 ICT project N4C, is compared to how another form of nomadism is met in the 
Mediterranean coast during tourist season, and the challenges it poses to infra 
structure. In this case, units of mobile antennas are erected to create the capacity 
necessary to keep up service quality as the population temporarily grows each 
summer. The socio-economic terms vary between the two settings and, so does the 
conditions for business models for respective network. Against a background of 
reference also to other possible solutions, the paper investigates if there is, despite 
the differences in population density and other factors, still reason to speak of the 
two scenarios as analogous. For instance, the comparison may indicate that there is 
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reason to regularly paying attention to the capacity for, let us say extraordinary 
cases for service supply in the future internet, even within civil every-day 
circumstances.  

 

Extended abstract 

Starting in May 2008, the Networking for Communications Challenged 
Communities (N4C) is a 36 month research project in the Seventh Framework 
Programme. In cooperation between users in northern Sweden and Kocevje region in 
Slovenian mountain, the project designs and experiments with architecture, 
infrastructure and applications in field trials and, builds two test beds. A key role in 
N4C is played by the emerging Delay and Disruption Tolerant Networking (DTN) 
technology. DTN technology addresses a wide range of technical problems, from 
interplanetary applications to terrestrial applications where it is not possible to reduce 
latency to the values needed for today’s Internet. Example applications range from 
methods of delivering information related to global warming to a means of including 
remote populations in the opportunities of modern Internet society.  DTN can support 
asynchronous web surfing, email, file transfer etc. It also supports the capability of 
using different transport protocols in different parts of the network. [1] 

 
Because of the nomadic husbandry practice the geographic location where access 

demand occurs differs, throughout the year. [2] The concept of using DTN for nomadic 
use in remote areas has been developed in the context of Sámi Network Connectivity 
(SNC), a project, lead by the N4C coordinator, 2002-2006. The work to develop and 
provide an initial demonstration of the SNC concept was carried out by an informal 
team involving reindeer herders based in Jokkmokk municipality, northwest Sweden. A 
solution to serve these reindeer herders has to address topographic circumstances 
(mountainous area), the fact that major parts of their reindeer grazing territory is 
environmentally protected (which puts constraints on installing fixed infrastructure 
such as antenna towers and limits the availability of power sources), and the semi-
nomadic nature of reindeer herding. A solution must also be accessible at an affordable 
and maintainable cost. The SNC approach to meet these requirements is based on the 
concept of Delay Tolerant Networks, realized by an Opportunistic Routing system 
using a mix of wireless hotspots and mobile relays. [3] The initial goal was to provide 
e-mail and cached web access; the feasibility of this was shown both conceptually and 
practically before the project started. Air-interface technology and wireless 
connectivity make the necessary infra structure for the SNC architecture. However, the 
technical edge is very much a matter of routing and higher tiers. 

 
The DTN based solution for the Sámi reindeer husbandry case, which is now in 

experimental stage research within N4C, can be compared to how another form of 
nomadism is met in the Mediterranean coast during tourist season. In this case, units of 
mobile antennas are erected to create the capacity necessary to keep up service quality 
as the population temporarily grows each summer. Tourism poses challenges to infra 
structure based on the relocation to the sea that many Europeans do during the summer 
season.  



 
When measuring ICT access such as, access to the internet and telephony, it is 

normally the stable set ups that come to mind; the access citizens have in their homes, 
at work or, in school. Increasingly, business travelers’ needs and, entrepreneurial 
opportunities for costumer contacts and social networks offered through the 
combination of internet based services and mobile telephony are in focus. This use can 
be referred to as nomadic use situations. Yet, the nomadism envisioned in these 
scenarios, are generally stable in terms of traffic density at the given geographic 
location. The Sámi and Mediterranean tourism cases are situations where this does not 
hold truth. 

 
The socio-economic terms vary between the two settings and, so does the 

conditions for business models for respective network. Against a background of 
reference also to other commercial or theoretically described possible solutions, the 
paper investigates if there is, despite the differences in population density and other 
factors, still reason to speak of the two different scenarios as analogous. For instance, 
the comparison may indicate that there is reason to regularly paying attention to the 
capacity for, let us say extraordinary cases for service supply in the future internet, 
even within civil every-day circumstances.  

  

 Wi-MAX based Nomadic Access proposals 

Based in previous assumptions and comparisons, the N4C project has proposed a 
Nomadic Access architectural design, based in the Wi-MAX (IEEE802.16) technology, 
in order to develop a low-cost, low-power, long range solution that, with the help of 
DTN, allow us to cover wirelessly the areas populated by these Nomadic herders in the 
North of Sweden. 

The idea of this approach is similar to that used in the Mediterranean coast (put the 
links close to the users), although in this case, due to the limited population density and 
the other constraints, it is more radical: let the users to carry their own links. 

In this scenario it is necessary to cope with: (1) long range wireless links, (2) 
isotropic area distribution of the data (3) WiMAX interfaces for PC and other 
equipment. 

In order to extend the range of the WiMAX radio links, N4C project has adopted 
two different approaches. First one is to develop a modified version of the Albentia 
Systems wireless equipments that allow us to use it in a relay configuration. The 
second one is to extend the distance between wireless stations to a practical limit where 
the DTN plays a significant role in order to maintain some data transmission. As 
opposite to the ordinary design where link reliability higher than 90% is desired, in our 
approach, getting in mind the minimization of the economical budget of the 
installation, with the DTN approach link reliability less than 50% could be enough for 
our proposals.   

WiMAX SS (Subscriber Stations, also noted as CPE Customer Premises 
Equipment) allow to us to redistribute the point-to-point radio signal in an area. Low-
cost, low-power, low-weight and easily to administrate SS equipment need to be 
developed for use in the Nomadic camps. In every movement of the camp a new 



antenna orientation and site configuration is needed. Thus, a very simple administrator 
interface is needed.  

WiMAX interfaces for PC and other data gathering instruments are commercial 
components, similar to the well known Wi-Fi adaptors, which guarantee that the final 
users can access to these new wireless facilities. 
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