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Abstract—The Smart Cities and related concepts have 

attracted a lot of attention in recent years. Intelligent 

Transportation Systems are potential solutions for many mobility 

issues faced today by the current transportation schemes in big 

cities. In this paper we discuss how Delay-Tolerant Networks are 

seen as a promising approach to many of the communication-

related problems faced in Intelligent Transportation Systems, 

stating the importance of such network paradigm to address the 

intrinsic harsh conditions in vehicular environments. 

Furthermore, we remark the relevance of Delay-Tolerant 

Networks within Smart Cities in the future. 
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I. INTRODUCTION 

Despite the social and political concerns in big cities, there 
are also technical, physical and material problems that need to 
be addressed, such as scarcity of resources, waste management, 
air pollute-on and transportation concerns. The Smart City 
paradigm seeks to provide ecological, sustainable, economic 
and efficient solutions to these problems. A Smart City is an 
urban system that uses information and communication 
technology (ICT) to make both its infrastructure and its public 
services more interactive, more accessible and more efficient 
[11]. In transportation, some problems derived from traditional 
transportation systems include traffic jams, large number of 
accidents and pollution, which allows to clearly perceiving the 
inefficiency of such old systems. Some solutions approaches to 
the transportation issues consist of automated streets, 
autonomous vehicles, etc. These efforts are part of the so called 
Intelligent Transportation Systems (ITS), which intends to 
enable the traffic and infrastructure to contribute to its 
maximum efficiency by combining telematics and information 
and telecommunication technologies (ICT) [4]. Two major 
issues in ITS are security in communications and the guarantee 
of seamless connectivity among all devices in the network 
[14]. The latter is of particular importance, since the harsh 
environment in which vehicles operate (e.g., at very high 
speeds) cannot be changed, and disruptions and disconnections 
occur very frequently. Delay- or Disruption- tolerant Networks 
(D* Tolerant Networks, or simply DTN) aim to address this 
issue by providing an architecture that allows communication 
between devices within the network that are not necessarily 
End-to-End (E2E) connected [10]. This paper outlines the 
importance of DTN for ITS and in Smart City environments. 
The paper is organized as follows. Section II briefly introduces 

Smart Cities and Section III, ITS. DTNs are presented in 
Section IV, discussing challenges and applications in each 
area. Furthermore, Section V explores why DTNs can be seen 
as a promising solution for the seamless connectivity concerns 
in ITS, discussing the concept of Vehicular D* Tolerant 
Networks (VDTN) and some important research opportunities 
in the field. Finally, in Section VI we draw some conclusions 
remarking the importance of DTNs as a fresh research area in 
both ITS and Smart Cities. References are given in Section 
VII.  

II. SMART CITIES 

Cities are growing unavoidably. Big cities mean 
development, prosperity and new opportunities for their 
inhabitants. However, they also bring along problems such as 
pollution, scarcity of resources and uncontrolled population 
growth. Making a city “smart” is emerging as a strategy to 
mitigate the problems generated by the urban population 
growth and rapid urbanization [3]. The main idea is to 
reorganize the way the city works, including new paradigms 
that allow the city to be managed in a more efficient way. 
Some critical factors are necessary to enable smart city 
initiatives: management and organization, technology, 
governance, policy context, people and communities, 
economy, built infrastructure, and natural environment [3]. 
Furthermore, there are four aspects that include these factors 
and that make the concept of Smart City: smart economy 
(competitiveness), smart governance (citizen participation), 
smart people (social and human capital), smart mobility 
(transport and ICT), smart environment (natural resources), and 
smart living (quality of life) [11]. In mobility, the 
transportation system plays a very important role in 
communications and transportation of people and 
transportation of goods across several places. However, the 
current transportation systems are not sufficiently efficient, 
there are problems originated from them, such as pollution, 
very high noise levels, accidents, high levels of traffic that 
result in much time wasted by people, etc. Transportation 
issues are of big concern, since with the growth of the cities 
there is a consequent growth of the number of vehicles, roads 
and users, aggravating the situation. Some trending research 
topics in Smart Cities are local accessibility, international 
accessibility, availability of ICT infrastructure, sustainability, 
and security and safety [11]. Intelligent Transportation Systems 
fits perfect to track mobility issues in Smart Cities since the 



former encompass all these areas seeking to provide original 
solutions to the mentioned concerns. 

III. INTELLIGENT TRANSPORTATION SYSTEMS 

One of the major problems in big cities is the inefficiency 
of the transportation infrastructure and management system, 
resulting in traffic congestions, extreme pollution levels and 
emergencies and accidents. To address this big concern, 
intelligent transportation systems (ITS) have arisen. An ITS is 
a kind of informationized, intelligentized, socialized integrated 
management and control system, which applies the advanced 
technology of sensor, information, network, auto control, 
computer processing and so on to the whole transportation 
management and control system [4]. ITS are expected to 
provide intelligent solutions to these problems by using ICT 
technology, furthermore, it is expected that a set of new 
services arrive with this paradigm, bringing the transportation 
experience to a whole new level. 

A. Services and Applications in ITS 

The objectives of ITS along with the advances in 
electronics and communications allow a vast range of services 
and applications in transportation systems. The literature 
suggests four main application domains for ITS: efficiency, 
security and safety, sustainability and user services 
[5][4][9][13][14]. Of the main services and applications listed 
in the references are accident or hazard warning (e.g., icy 
roads, fog, unintended line departure, etc.), taking control over 
the vehicle when the driver fails to act (e.g., collision 
avoidance, slowing down or stopping the car, etc.), reduction 
of traffic congestions, toll collection, transit signal priority, 
vehicle data collection, air pollution and carbon emission 
reduction, information (e.g., online navigation, e-mail 
consulting, etc.) and on-demand multimedia entertainment and  
gaming (e.g., music and video downloads, live transmissions 
and  multiplayer games for the passengers, etc.). All these 
services are expected to improve the user experience in 
transportation. In order to achieve this, cooperation and 
communication among cars and other different devices is 
crucial. These forms of communication in a ITS are classified 
into vehicle-to-vehicle communication (V2V) and vehicle-to-
infrastructure (V2I) communication.  In the future, this 
communication process will be a little bit more complex by the 
introduction of vehicles other than cars and buses to the 
system: bicycles, motorcycles and even drones that need to 
interact in the transportation system. Additionally, we argue 
that the inclusion of autonomy in vehicles (e.g., autonomous 
cars and drones) will make communications in the ITS to 
become more complex, as a timely and accurate response from 
vehicles (especially autonomous vehicles) is vital.  

B. Challenges in ITS 

More than fifteen years ago there was a lack of standards 
and protocols to tie together fragmented transportation 
subsystems, but now there is the National Transportation 
Communications for ITS Protocol (NTCIP), which is a family 
of standards designed to achieve interoperability and 
interchangeability between computers and electronic traffic 
control equipment from different manufacturers [8]. The 

NTCIP is a project developed in the United States and guided 
by the National Electrical Manufacturers Association (NEMA), 
the American Association of State Highway and 
Transportation Officials (AASHTO) and the Institute of 
Transportation Engineers (ITE). At international level, a 
standardization effort is underway with the name of 
Communications Access for Land Mobiles Architecture 
(CALM). CALM is an initiative of the ISO TC 204/Working 
Group 16
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 to define a set of wireless communication protocols 

and air interfaces for a variety of communication scenarios 
spanning multiple modes of communications and multiple 
methods of transmissions. However, there are still important 
challenges facing this emerging environment, such as the 
maturity of the technology,  the  value  of  the  services  
performed,  the  business models, the rationale for creating 
such networks in the first place, and  the  complex  regulatory  
regime  and  standards  that  must  be established [14]. In 
general, the main challenges detected in the listed references 
and related to communications agree that communications 
must be real-time and accurate (for security and safety issues 
and infotainment) and efficient (QoS and sustainability). 
Particular issues that still require some research include the 
need for permanent internet access, high data rates wireless 
communications, heterogeneous networking, scalability and 
flexibility of network infrastructure, and deployment and 
integration of different technologies (sensors, computational 
technologies, video and image processing, etc.) 
[4][9][8][13][14]. Vehicles in the Intelligent Transportation 
System need to be connected to the internet, and furthermore, 
high-speed dedicated road-to-vehicle communication (RVC) 
system is absolutely needed for future Internet ITS [13][4]. 
Also, consumer telematics technologies and applications will 
be needed to enable drivers to exploit the advantages of next 
generation ITS [14]. Nevertheless, there is still the challenge of 
how to make the most out of novel communication paradigms 
such as wireless sensor networks, software-defined networks, 
cooperative networks, cognitive networks, opportunistic 
networks and delay-tolerant networks. We argue that all of 
these areas can be combined and leveraged to improve the 
network communications in the ITS. Important contribution 
fields are antennae and propagation models, routing 
algorithms, network architectures, frequency and channel 
allocation, energy efficiency, data mining, compression 
algorithms and security issues, just to name a few [2]. We hold 
that advances in any of these areas are essential not only to ITS 
but also for Smart Cities in general, since in the future in this 
big complex environments everything will be inevitably 
connected, and the huge amount of devices operating at very 
large mobility levels with big volumes of data being transferred 
across the networks will need from new original ways to 
overcome the intrinsic data traffic problems (e.g., long delays 
and disruptions) and to enable the smart city to really fulfill the 
population needs in a more efficient way.  
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IV. D* TOLERANT NETWORKS 

One intrinsic characteristic of ITS is the high speeds at 
which the vehicles are moving, and the very short latency 
needed in communications, due to the constant switching 
between connection nodes in the network. This phenomenon 
was observed in the Qronéctate Project [1][15], which was 
intended to provide with internet access to the passenger in the 
public transportation system in Querétaro, México. The idea of 
exceptionally poor and disparate performance of such networks 
in ITS brings the need of a different network architecture to 
guarantee communication in such harsh environments. Delay 
and Disruption-tolerant networks (D*-tolerant Networks, or 
simply DTN) address just that. The DTN architecture aims to 
provide interoperable communications between a wide range of 
networks which may have exceptionally poor conditions 
[6][12]. Although the DTN concept was first conceived under 
the idea of tackling the very extreme conditions of 
communication in space, it can be extended to other severe 
environments such as sensor networks, military networks, 
underwater networks and particularly the ITS [10]. DTN 
overcome the  problems associated  with  intermittent  
connectivity,  long  or  variable delay, asymmetric data rates 
and high error rates by using store-and  forward  message  
switching [10][12], unlike traditional networks in which there 
must exist a complete path from source to destination (End-to-
End connection). Although a DTN ensures connection between 
nodes in a constantly disconnected or disrupted network, there 
are some characteristics inherent to the frequent changes, 
network partition and unexpected faults and end to end latency 
(natural characteristics proper of harsh environments), such as 
low data rate and high latency, disconnection, long queuing 
delay, limited longevity and limited resources [10]. However, 
the main role of a DTN is to provide communication within a 
network that otherwise would be impossible or very difficult to 
achieve (i. e. with long delays and discontinuous end-to-end 
connectivity), and that is why the mentioned characteristics 
represent themselves research areas to focus on. The most 
important mechanism used in DTNs is the so called store, carry 
& forward mechanism (fig. 1). The nodes in the network must 
have storage capacity to keep the packets of a message while 
the link to the next node in the path is broken. When the link is 
re-established (must be very fast), then the stored packets are 
forwarded to the subsequent nodes in the predetermined path.  

Fig. 1. Store-carry-forward paradigm used in DTNs. 

 

 

 

V. DTNS IN ITS 

The severe conditions at which the elements in the network 
(e.g., vehicles) operate make transportation systems a 
challenging environment for communications, especially 
because of the very short time window that the nodes have to 
establish the link and communicate, resulting in continuous 
interruptions and long delays in the communication process, 
mainly due to the high mobility and speed of vehicles. 
Permanent internet access and improvement of data rates are 

particular conditions that must to be met in the future by 
vehicular networks, as explained in section III. These settings 
make ITS a direct application field for DTNs. Vehicular Delay-
Tolerant Networks (VDTNs) are DTNs where vehicles 
communicate with each other and with fixed nodes placed 
along the roads in order to disseminate messages [12]. They 
represent a breakthrough DTN-based solution to provide 
vehicular communications under challenging scenarios 
characterized by long delays and sporadic connection [7] (e.g., 
the Qronéctate Project [1][15]). The potential applications of 
ITS explained in section III and the importance of 
communications in such systems greatly contribute to the 
growing interest in VDTN in the last few years. These 
networks present some unique features that distinguish them 
from the conventional networks: sparse and intermittent 
connectivity, high latency, long and variable delay, high error 
rates, highly asymmetric data rate, and no end-to-end 
connectivity, just to name a few, though the goal here is to 
transport data between disconnected parts of the network [7]. 
In [12], the authors identify 6 main characteristics that make 
VDTN suitable for research opportunity: predictable mobility 
(movements are not random), high mobility (high vehicle 
speeds), variable topology in time and place (the network 
topology evolves depending on time (e.g., traffic jams) and 
location (e.g., urban, rural)), large scale (large number of 
vehicles), partitioned networks (limited communications range 
of vehicles) and no significant power of computation 
constraints (a vehicle can generate sufficient power).  

VDTNs represent an evolution of DTNs particularly 
applied to ITS. Most of the problems in vehicular 
communications come from the vehicles high speed and 
mobility, resulting in very short window times to connect to the 
network in each node. Also, there is a limitation of physical 
transmission conditions due to interference and obstruction by 
the surrounding environment (e.g., buildings). All of this 
causes disruption and intermittent connectivity, leading to 
significant loss rates. Thus, DTNs are suitable to allow a 
seamless communication in Intelligent Transportation Systems. 
However, DTNs are also appropriate for many other scenarios. 
In fact, DTNs came first from the idea of inter-planetary 
communications, although the paradigm has also been explored 
in military communications, under-sea communications and 
others [10]. Moreover, we believe that DTNs will improve the 
Smart City not only in the ITS communications, including 
autonomous cars, connected bicycles, motorcycles and 
unmanned aerial vehicles (UAVs) in the future, but also in 
other communication scenarios within the city that demand of 
very low latency and that present great mobility levels (e.g., 
during a football game or during a race where all the players or 
athletes are connected to a network to monitor health signals or    
performance) or even to improve the connection of several 
large cities across large distances.  

VI. CONCLUSIONS 

The growth of cities brings along technical, physical and 
material problems, such as scarcity of resources, pollution, 
waste management, and transportation issues. The Smart City 
concept comes to life to address such complications and make 
the management of the city smarter and more efficient. On 
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transportation, Intelligent Transportation Systems are a novel 
solution for many of the problems caused by current 
transportation management schemes, leading to inefficiency in 
general.  Issues of security and safety, pollution and user 
services arise from the lack of a more effective system. ITS 
tackles these concerns and extend the possibilities for 
transportation to a whole new set of applications and services 
for the users, including reduction of accidents, warning 
services, driver assistance, reduction of traffic congestions, 
automated electronic collections (toll, car data, highway, etc.), 
air pollution and carbon emission reduction, and information 
(news, weather conditions, e-mail, etc.) and on-demand 
entertainment (multimedia, gaming, etc.). However, in order to 
provide with this new set of possibilities the communications 
must comply with real-time and accuracy features. Thus, the 
network must guarantee seamless communication, high 
bandwidth, and high data rates. But the natural conditions of 
transportation systems include very high vehicle speeds and 
high mobility, resulting in faulty connections, and frequent 
disruptions and delays, leading to very high data losses. This 
brings the need for a more ad hoc network to be able to operate 
under the harsh conditions of a transportation environment. 
Delay-tolerant Networks are useful in these settings, and the 
Vehicular Delay-tolerant Networks are just the new paradigm 
that addresses all of these concerns, although they still face the 
need for improvements in different areas, offering new 
opportunities for research in topics such as antennae and 
propagation models, routing algorithms, network architectures, 
frequency and channel allocation, energy efficiency, data 
mining, and compression algorithms and security issues. We 
believe that DTNs are the new paradigm that will allow to take 
ITS to a new level in its evolution and we remark the 
importance of this kind of network in the context of the ITS. 
We argue that in the future the ITS concept will be widely 
spread to include not only typical transportation units (i. e. 
terrestrial vehicles) such as cars, trucks and buses, but also 
vehicles that operate by other means such as aerial vehicles, 
bicycles and motorcycles and even autonomous vehicles (e.g., 
unmanned aerial vehicles, or UAVs, or autonomous cars) 
making the ITS a much more complex system in which the 
need of heterogeneous networks and delay-tolerant networks is 
explicit. Furthermore, we believe that the combination of novel 
communication paradigms such as wireless sensor networks, 
software-defined networks, cooperative networks, cognitive 
networks, semantic networks, opportunistic networks and 
delay-tolerant networks have the potential to overcome many 
of the challenges of ITS today and in the future improving the 
transportation systems in highly significant ways. On the other 
hand, delay-tolerant networks have perhaps the more direct 
impact in vehicular networks as they allow seamless 
communication among vehicles, infrastructure, and roadside 
elements in the system. We encourage practitioners and young 
researches to focus their efforts in the relatively young field of 

vehicular DTNs, since they promise to revolutionize the way 
we transport and communicate across different places. 
Additionally, not only the ITS will be benefited by DTNs, but 
also Smart Cities in general will take advantage of both: ITS 
and DTN, since there will be a huge amount of devices 
operating at very large mobility levels with big volumes of data 
being transferred across the networks, everything connected. 
We believe that DTNs are essential for the deployment of 
integral ITS and the Smart Cities themselves, creating a new 
world of services for the population and new business and 
research opportunities for researchers and investors.  
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