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Abstract. The concept of intelligent transportation has bdewised about a
couple of decades ago and still presents many erfgillg issues to be
addressed so as it can be implemented to its Gitrial. In this paper we
emphasise characteristics such as being user-deatr@ service oriented to
support an important facet of future urban trantgtimn: being ubiquitous.
Instead of seeing ubiquitous transportation asraptetely different paradigm,
we discuss on the characteristics that actually fi$ inherently ubiquitous.
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1 Introduction

With the growth of population in major urban areeml the accelerated increase in
number of cars, traffic is becoming genericallyai@ The problem of congestions,
differently from what many might think, not onlyfefts the day-to-day life of
citizens but also has a great impact on businessaonomic activities. These issues
therefore generate less income, affecting the sadike growth of cities throughout
the world.

Considering current problems of traffic managemestdntrol and planning,
especially fearing the consequences of their medamu long term effects, both
practitioners and the scientific communities havevesd to tackle congestion in large
urban networks. Research has been carried outdligstowards the design and
specification of future transport solutions featgriautonomy, putting the user in the
centre of all concerns and largely oriented toisess Such efforts were eventually to
culminate in the emergence of the concept of ligetit Transportation Systems
(ITS), basically relying on a distributed and ads@h communication infrastructure
favouring interaction in virtually all level, fromsers to services, vehicles to vehicles,
vehicles to infrastructure, and so forth. Intergéity and integration are crucial in
this scenario. More futuristic though is the pecsie in which users will play rather
a passive role and be taken off the whole proagkigh will ultimately be managed
by the system only, to which autonomous drivingeigected to be an important
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ingredient. Although this view may seem quite hyyedical, it is capable to stimulate
and foster much advancement in a wide spectrum wfidisciplinary fields, from
engineering and computer science to sociology abanuplanning and design.

In this work we basically recall many of the diffat aspects involved in the
original definition of ITS and identify potentialpplications of the ubiquitous
computing concept (sometimes hereafter referreastabicomp). Instead of defining
a novel perspective for what has been recentlyecbibbiquitous Transportation
Systems (UTS), we prefer to see ITS from a ubiqsitperspective, emphasising
those characteristics that actually turn ITS inbaquitous systems. Therefore, ITS is
inherently ubiquitous! Besides ubiquity, pervasiess, ambient awareness and
intelligence are equally addressed as complemensmy conceptually related
technologies. Many issues and interesting questiarks rise in this context,
stimulating different streams for further reseasame of which are also discussed.

Following this brief motivation of the topic, theemaining of this paper is
organised as follows. In the next section, we disan requirements for future urban
transport so as it is possible for us to bettereustdnd why the whole bunch of
technologies presented later on are important. tawe then presented and briefly
discussed in the following section. Ubiquitous #jaortation is then presented in the
fourth section, finally followed by some remarkenclusions drawn and suggestions
for future work.

2 Future Urban Transport

Persons and goods are transported for centurigshvilave turned transport into an
essential part of any economy based on trade. &bsidransport systems are
intended to take both people and other goods fremain points to one or more
destinations, accounting for users’ needs, effyjerand low cost as well. These
systems have become rather complex and extrenrgjg, lheing geographically and
functionally distributed, both in that respectingisture and management.
Contemporary transportation systems have experietioeee major revolutions
throughout their existence. The first one came wite introduction of
electromagnetic communication, allowing for a netwof information that enabled
greater integration of the system to exchange in&tion more quickly and
efficiently. The second great revolution startedhwthe advent of digital systems
delivering lower cost services. Then computerstestiaplaying an imperative role in
transportation, improving efficiency of traffic dool and coordination, as well as
transport planning. Centralised traffic coordinatistarted as well playing a major
role in network design and management. Albeit ediseed decision systems can be
very efficient in theory, their performance is guitependent on scale. In other words,
they work proportionally to the number of unitie®pessed by the system, becoming
many times very slow and therefore lacking efficenSuch a limitation poses
serious problems and present undesirable consegglefts transportation systems are
becoming very large, both in terms of structure dimdension, the whole process of
acquiring information from all sources, processthg essential data and providing
adequate responses timely is rather a very ardtemis This is especially more
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complex due to real-time constraints and the prEseh heterogeneous participating
entities.

Finally, the third great revolution in transportchene evident with the advent of
what has been coined Intelligent Transportationtys (ITS). Now the user is a
central aspect of transportation systems, forcirgpitectures to become adaptable
and accessible by different means so as to mefetrelit requirements and a wide
range of purposes. Integration is then crucialsTovel scenario has been motivating
and challenging practitioners and the scientificmownity and suggested a
completely new decentralised perspective of praesOn the other hand,
discussions are still fostered by current ambititmshe Future Urban Transport
systems (FUT), even more conscious in terms ofrenmient, accessibility, equality,
security, and sustainability of resources. Someth&f main features of today’'s
intelligent transportation, to mention a few, asda@lows.

Automated computation is an important requirement of ITS. Future tramspo
systems must make decisions automatically, anajysiput information and acting
accordingly, triggering coordinated actions to ioy® system performance. Demand
for flexibility andfreedom of choice is another important aspect on the user’s side.
The current lack of flexibility in transportatioystems limits their potential to users,
especially in that concerning personalised seryieelsich is a major target for
criticism by many users. ITS then should be opefletability, different options and
diver choices, as well as personalised serviceso,Akcuracy is another important
aspect, i.e. precise and up-to-date informationtrbesdelivered on a timely basis.
Indeed, in transport systems that are generallsiflad as dynamic, errors and other
failure situations are proportional to the accuratgystem reactions and responses to
requested services. Therefore, latency should kkicesl through distributed
architectures for reducing response time. As trarafion systems are greatly
dependent on the network topology and other chariatits, intelligent
infrastructures become fundamental. New communication technologissuding
mobile, wireless andhd-hoc networks are improving infrastructures a greatl,dea
enabling it to become an active and interactive phthe system. This is especially
important for the implementation of the ambiennsgortation intelligence concept.
A distributed architecture, accounting for asynchronous, control algorithms,
coordination and management autonomous elementxdisubtedly one of the major
currently researched areas of ITS. There are devequirements that must be
satisfied, from user-centred to service-based fonatities, turning intelligent
transportation into a complex, heterogeneous atiitate artificial society. Current
research already considers that ITS architecturst mxplore distributed algorithms
using exogenous information from various sourcesking greater use of parallelism
and asynchronous capacities of pro-active entifibese characteristics are essential
to ITS, and suggest an enormous application peatemd Distributed Artificial
Intelligence (DAI) based solutions, especially Nkdlgent Systems (MAS) [1].

Accounting for the characteristics aforementionadlti-agent systems have been
greatly studied and applied in developing the cpheoef future transportation.
Especially in the past couple of decades, a great df research work has been
carried out in this area. Despite ITS geographiaal functional distributed
dependency, other concepts are also being devisédnaproved in such as huge
research live laboratory, namely pervasive and uitigs computing, ambient



30 L.S. Passos, R.J.F. Rossetti

intelligence and service-oriented architecturespragnmany others. These concepts
ultimately foster advance in many other areas saoasddress issues that are
flourishing around as ITS and FUT become a rea8tyme of such issues include the
identification and definition of heterogeneous aagtmous entities, definition of the

asynchronous nature of entities, as well as whispeet make them concurrent,
definition of the adequate communication infrasinoes, validation and proof of

algorithms and models correctness, robustnesspmpeahce and stability. Of course
this is far from being an exhaustive list and mather issues are still to arise in such
a fascinating study area.

3 Related Conceptsand Technologies

By the end of the last century, we have witheskedetmergence of a new vision for
the role of electronic devices in people’s liveacls a vision was firstly pointed out
by Mark Weiser [2] and basically relied on the wsfecomputer resources and
provision of information and services to people méwer and wherever they were
wished and needed. This novel concept was widetg@ted, and during the past
decade researchers applied it to built devices afous sizes, which started to
become part of our daily lives. There was an enosngrowth of these types of
devices such as hand-held personal digital assss{®DA), digital tablets, laptops,

and wall-sized electronic whiteboards for a widege of purposes. Indeed, coupling
these devices with the ability of communicatinghwfieople and the surrounding
environment in diverse ways actually contributedhe definition of the Ubiquitous

Computing, or ubicomp for short. Nonetheless, tb@cept is not limited to

communication or interface. Ubicomp is intendedgm further beyond and was
designed to specify the adequate infrastructurpréwide people with a “24-by-7”

information services, meaning users can accesseepvoviders 24 hours a day, 7
days a week. This innovative perspective openswigla range of different interfaces
yet unexplored, introducing a concept called evayycbmputing, which suggests that
over time and the presence of ubiquitous environsehe system itself will create a
routine of activities for people, without those whave program them.

There are several fields of study involved in tbaaept of ubiquitous computing,
ranging from the ability to miniaturise processthyices for discrete use in our daily
activities, as well as the development of applaaithat can function as networks of
groups for each individual. All these study inities have the common goal to
develop, explore and extend the concept of ubigsitoomputing to its maximum
potential. Today we are just starting to understthl implications of continuous
immersion in computation. The future will hold muetore than constant availability
of tools to assist with traditional, computer-basasks; in the near future, we are
going to “wear” computers that are going to track actions and health and allow us
better perform our activities. Not surprisingly, eonf the application potential of
ubicomp is within intelligent transportation systewf the future. Both practitioners
and the scientific community agree that ITS carfipeolot from ubicomp. Next we
discuss a bit further on the different concepts t@uathnologies that are likely to take
part in such forthcoming ubiquitous transportatigorid.
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As for human-machine interfaces, ubiquitous computing has brought into evidence
a new concept and way of interaction between hunaaris machines, sometimes
referred to as “off the desktop” interaction enwingent [9]. This view assumes that
interactions between humans and machines will meash be based on traditional
interfaces, such as the keyboard, mouse, and gigpaadigm, and will foster
interactions that are more natural to humans, sischpeech, gestures and the use of
objects of easy manipulation. These natural acttamsand should be used as explicit
or implicit input to ubiquitous systems. This neancept is being studied for a long
time already, and advances have been reportec tpdimt that some of these natural
interfaces have been implemented in commerciaksyst sometimes replacing the
conventional interfaces. One of the advantagebexfe interfaces is the easy learning
and intuitive use, just by imitating the natural ywaof human interactions, thus
enabling an easy transition and adaptation of users

The context-aware computing is derived from ubicomp in the sense it is on¢hef
keys to ubiquitous environments, so that entites interact with the environment in
a comprehensive manner, obtaining information ahmpting their behaviour to the
current situation accordingly. According to [3]ethmportance of context to ubicomp
is best explained through the so-called “five W&, it is further discussed below.

Context-awareness to work properly should kneho is gathered together in the
same room. This is important because the exchahgeaple with the conditions of
the environment changes as well. Knowirttat is being carried out by people is also
imperative for the system to perceiving and intetipg human activities which are
needed for the interaction with the environmentb® completed. Thewhere
component of contextual awareness has actually bgplored more than the other
components in many different ways. Of particulateiast, however, is coupling
notion of “where” with other contextual informatiorsuch as “when.” Time is
definitely a very important variable in such a pedtive, so thevhen component is
imperative as well, especially because it may duatformation with regard to time
and relationships between situations that occuimedifferent instants, allowing the
system to produce better and timely responses. Ewene challenging than
perceiving “what” someone does, is understandihg a person is doing that and the
reasons that actually triggered the action.

Service-oriented architectures (SOA) is a new in information systems and can be
basically defined as a group of services that conicate with each other to better
serve the end-user. To understand such a concdptweeneed to define service,
which can be seen as a specific implementation fofnation and is able to access
both data and resources [4]. So, the goal of SO isreate ammd-hoc topology of
application that users are allowed to string togethieces of the functionality, all this
constructed on the base application provided byyistem.

Basically, the potentials of SOA have been analyaserbrding to two points of
view. Firstly, as for technical aspects, SOA-basathitectures have many
advantages, but some advantages are equally igdntdne major advantage is that
services are relatively open and accessible byusey or other services, as long as
they are able to understand each other. This ma&es pretty interesting to support
services over the Internet, for instance. Amongdiiantages, however, security and
lack of testing and validated service models angoirtant issues still to be addressed.
Secondly, from the economic perspective, the pdiib are great as SOA-based
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architectures provide the basis for new businegzompnities and other similar
investments, as well as for the customisation ofrezu services making them
adaptable to a new emergent dynamic demand [5].

In the last few decades, with the advent of theitaligera and a change of
orientation in systems architecture, users areditolo a central spot and services are
devised to be autonomous and pro-active. In corgemp new paradigm called
Ambient Intelligence (Aml) has emerged.

Aml is defined as the ability of the environmentsense, adapt and respond to
actions of persons and objects that inhabit itsitic[10, 11]. To accomplish that in
full, Aml’s philosophy requires some important cheteristics. Devices and services
must beembedded, in other words, they should be an inherent mathé environment
itself. Indeed, in recent year, we have witnesserdrad towards the miniaturisation of
electronic systems so as they can be easily emtddd®her devices and spread out
all over the environment. Also, systems mustdr@ext-aware, meaning they must be
able to understand the presence of individualsy theeractions and objects that are
around, and with that perception interpret theticars and needs. As users are central
to this concept, services must fmsonalised, which feature assumes that the system
can build up to converge with the immediate neddsuser. Such latter characteristic
also implies that the system must &daptive, in the sense it can adapt itself in
response to users’ behaviours. Finally, Aml isimnsically anticipatory, using its
context-awareness to anticipate users’ prefereandsintentions and to provide the
adequate environment for users to enhance the@oteg outcomes.

Ubiquitous and pervasive computing are two concepts generally dealt with
indistinguishably, and they refer to various comspwgystems that can be part of a
whole system (or be the system itself) that alloasnection and interaction between
various devices without the direct knowledge of husiwho are using them. The two
concepts were initially suggested in [2], nonetbeléhey present small and subtle
differences. Indeed, according to the definitiorOofford’s Dictionary [6], ubiquitous
means something which is present everywhere atim@ytand pervasive is an
adjective denoting something that spreads itself something. Thus, we can
intuitively interpret these concepts differentlytimat a ubiquitous system is passive
and expects users’ initiative to access servicdsirmation in it. On the contrary,
pervasive systems are those that autonomoushfentewhile interacting with users,
being pro-active and adaptive most of the time [13,

4 Ubiquitous Transportation

Several significant events that marked the histifrjnumanity have been identified
over time and are reflected in all activities ofnfan societies. Of course, these
include the evolution of transport means that hglayed a decisive role in
suppressing frontiers between countries and briggontinents in what we call today
a globalised world. At the end of the twentiethtcey, there were many revolutions
in a very short period time, mainly due to electten information systems, and
communication infrastructure. In the 60’s, mainaiess began to be used, which were
known by their large size and difficulty in maimaig the system operational. One
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great achievement was, undoubtedly, the adventhefttansistors age, with the
increasing miniaturisation of electronic componeand consequently the information
systems and interfaces as well. With this new triendomputer infrastructure, new
technologies started to appear in a very quickiacieéasing pace.

One such technology that revolutionized our dailgd was the personal computer,
first introduced by IBM in the early 80’s. Also, eéhpopularisation of domestic
computer desktops has fostered the industry yesiderably more. One of several
possibilities that PC has brought was to make $iezato implement digital system
relatively powerful to cope with a bunch of diffateaasks and quite affordable. One
typical example of practical use of PC is todayadfic control systems, to coordinate
traffic lights in a more efficient way. Nonethelgsaobile communication is also
reaching drivers and passengers in their vehiabeseasing even more the potential
application of computer systems to transportatiodeed, with the increase use of
computers in a scale never before imagined, comeration technologies and
infrastructure also benefited of much advance gemeé years. Urban scenarios, for
instance, are witnessing the advance of ad-hoaulkzni networks (coined VANET)
that make interoperation among transport compongfsth travellers and
infrastructure) even more interactive and efficidiite Internet is now present in this
mobile world, fostering applications of unforesdealpotential, not only to
transportation management and control systems iegabéal-time monitoring of
traffic activities, but as well to traveller eithen an individual or collective basis.

Not surprisingly, the beginning of the new centbrgught with it the breaking of
paradigms and the creation of new concepts, chgntiie main orientation of
management systems, which typically were gearegévations. Today, however, we
can identify a new focus on the clients (end-useaas)well as their needs and well
being. This has driven information system designtdke into account user’s
satisfaction as an imperative requirement thathenother hand, demanded adaptive
computer architectures. The concept of ubiquit@mmputing also shares such a view.

This was actually the very first ambition of whatasv called Intelligent
Transportation Systems, in mid 90’s. Therefore, i¥ @lso ubiquitous in nature and,
for some reason, this very characteristics of tldgansportation systems have
remained latent for quite a long time. Quite relgnhowever, the scientific
community is recalling former objectives in ITS andith today’'s available
technology, Ubiquitous Transportation Systems (Ua& becoming a reality. It is
equally desirable to notice that UTS is not acyuallnew concept of transportation,
but rather is intrinsic to ITS. Most works basigakeport on the influences of mobile
computing and communication on current availablangportation systems.
Nevertheless, the application potential of UTSds fnore promising. Figure 1 is
merely a superficial illustration of what the coptef UTS would be. As shown in
the figure, the concepts of ITS and ubicomp weeatad almost at the same time and
also the research development in both fields hkswed quite the same pace over
the last years. So, with the co-existence of bd® and ubicomp, all elements were
present and favourable to the advent of ubiquitcarssportation systems.
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90°s Decade

- Real-time Traffic
Management Systems

Management Oriented Human Oriented

- Efficieny and Performance - Transparency and Transcendence

80's Decade After 2000

- PC Revolution; - Application of ubiquitous

- Controled Traffic System. techniques to existing
transportation systems;

= Real-time information service
for entities.

Fig. 1. Historical development of transportation systems

To illustrate this trend, Figure 2 depicts only thrgersection areas in the
framework of physical structure with the applicatiof technologies for vehicle
detection, data processing, communication and &S/Gof ITS, as well as
technologies related to wireless and mobile compaitign. However, if we apply the
concept ubiquitous computing to the heart of IT&ré will be other things needing
to be changed so that ITS is fully turned into UTshe effect of such a natural
evolution is the adaptation of services in ITS, aihare currently process-based. In
UTS, however, service-oriented architecture will foly dynamic adaptable to the
users’ needs. Thus, it is quite acceptable thaktthgist lots of aspects that must be
studied for the perfect fusion of such two complitaey concepts. If they can be
effectively coupled together, then a very powetfahsportation system will emerge,
with many possibilities of services, not only tartsport companies and the market
but also to the individual user.

Existing ITS Existing Ubiquitous

Technology Technology
uTs

Technology

. . - RFID/USN;
- Vehicle DEtElthn; - Wired/wireless Broadband
- Data Processing; Convergence Network;

- GIS/GPS Technology;
- V2V Communication;
- Management System.

- Wireless mobile;

- Information security and
confirmation technology;
- Voice recognition;

- Others.

Fig. 2. Explaininghow ITS and ubicomp are related to each other

As initially stated in this paper, our goal is tdew and analyse intelligent
transportation systems from a ubiquitous computpaint of view rather than
proposing or working on a novel concept of ubiquétdransportation as implied in
[7]. Indeed, origins of ITS suggest an infrastrueton the basis of all technological
aspects discussed in the previous section, mearsergs, services and infrastructure
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can now interact as peers. Therefore, intelligeardgportation systems are ubiquitous
in nature. For the sake of simplicity, however, vader to such perspective as
ubiquitous transportation or UTS for short. Therteology is borrowed from [8], but
instead of explaining a novel concept we are ratbfarring to an aspect inherent to
ITS.

Thus, in this section we establish a relationsleieen the concepts of ubiquitous
computing and intelligent transportation. To untberd such a correlation, we need to
look back at the primordiums of ITS, when new glifdes were first drawn for the
future transportation systems. Initially, it shoulse noted that forthcoming
transportation systems would be drastically basedistributed systems and thus ITS
and ubicomp shared common characteristics.

Another important aspect endorsed by ITS is theifuegration of users in all
processes within the system, via static or mokéleiaks, prior to a certain journey or
en-route, inside vehicles. For such an interactiobe effective and efficient, there
should be a fully immersion of devices supportedahyappropriate communication
infrastructure, which would makes ITS naturally quitous. This confluence,
however, has been seen for some time as the encergémew transport paradigm,
namely the ubiquitous transportation systems (UNg&\vertheless, there is no sharp
boundaries between them two and both ITS and UTS ba dealt with
indistinguishably.

UTS can be better understood in the light of solmeamp’s prominent features,
which according to [8] has four key aspects. Firstrvices must be present
everywhere and anytime. Instead of carrying a gewberever someone goes, the
device is either physically or virtually availalBeerywhere to anyone. Second, it is
not the device and its capabilities that actualbtter but the environment. The real
value of ubicomp lies in the fact that it is a cogipensive environment rather than a
collection of services supplied by individual deagc Third, users are not conscious of
devices being used. Thus, using a service doeeqatre conscious awareness of the
device, which allows the user to concentrate ontds& at hand. Finally, services
must be TPO-based (time, place, and occasion). Wajs available services should
match the prevailing situation and needs of users.

Trustworthy
Anywhere Anyhody

Transcendence<:| |::>Transparency

Any‘thmg Any'tlme
Together

Fig. 3. UTS properties

Therefore, according to the features discussedeafR)vit is possible to identify
eight important properties of UTS, as depicted iguFe 3. Inward arrows illustrate
UTS accessibility properties, such as anythingpady, anytime, and anywhere. On
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the other hand, outward arrows illustrate propeitidS should provide to users, such
as transparency, togetherness, transcendence rustadidrthiness. These properties
are also known as the 4A and the 4T of ubiquitmmputing, and will be discussed a
bit further in the context of intelligent transpatibn as follows.

According to ITS original principles, transportatiservices should be accessible
to anybody or anything, which might be any entity within the system, sashother
services that carry out their tasks on autonomasedf The system must also be
accessibleanytime andanywhere, meaning entities can find a service whenever and
wherever it is deemed necessary.

In that concerning ITS environment, services qualitd integration, transportation
systems should beustworthy, i.e. maintain the privacy of users’ data at thens
time accuracy and timing of services are preservgldo, systems must be
transparent to the users, meaning people should not need twbee of the presence
of components while using them. Boundaries betwservices should also be
attenuated to the point users experiment a colleciitelligence, with various
components workingogether on a collaborative basis. As fdranscendence, it
represents the ability of the system to sense,ndisg and respond not only to the
humanly recognisable transportation environmentt Rklso to the humanly
unrecognisable one, usually coined as extendeityreal

Albeit ubiquitous and pervasive computing are sames seen as synonyms, as
new technologies and studies are quickly emergutgreomy is even more a reality
turning ubiquitous transportation into pervasivesteyns in the sense previously
mentioned. Rather than being simply available, g&ime transportation systems
(PTS) play a more active role, influencing traresitd seeking better solutions to
quickly respond to situations that require an oiewof the environment in an
autonomous way.

Ambient intelligence (Aml) is top autonomy level oftelligent transportation
systems, encompassing both ubiquitous and pervpsiyeerties. Thus, Aml implies a
fully autonomous system, managing and controllimdpieles (and travellers, in a
general sense) by sensing all parts of the trensitonment. The path to this scenario
is still a long way ahead, requiring multidisciiy development, not restrict to
devices but also in understanding human behaviodraaplying advanced Atrtificial
Intelligence techniques. Undoubtedly, this field ezges with great interest,
challenging both scientific and practitioners’ commities. To better understand how
these concepts have evolved and interacted oves, thome basic scenarios are
discussed below, as follows.

As for ubiquitous transportation, it is perhaps trexy next step towards the
implementation of the original concept of ITS. Iade today’s technology already
allows us to experience new properties and servited enhance traditional
transportation. For instance, mobile communicatédlows a user to access and
consult traffic conditions while she is still onetlway to the car. Also, pedestrians
may use multi-modal travel planners to composeebatineraries, encompassing
buses, trams, suburban trains, walking and eves balbked in advance. This is
performed on demand, and the system is able to tféebest alternatives according
to specific requirements, such as cost, expeciekltrtime, or presence of given
points of interest (Pol), e.g., drugstores, restaisrand gas stations.
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In pervasive transportation systems, scenariosesiggmuch more pro-active set
of abilities. Some examples are already in usere@dsemuch of the benefits expected
from such systems are still dreams to come true.th® former, we can mention
situations in which emergency vehicles, e.g. aminda, need to get to a particular
place in a congested urban area. In these sitgatmontrol systems, aware of the
emergency, collaborate by setting all traffic liglacross the due itinerary to green, so
as to avoid excessive waste of time at junctionsthie latter case, information
systems are expected to play a more pro-active eslticipating users’ needs and
improving their daily schedule. For instance, asnsas a driver gets in the vehicle,
the system might check the driver's agenda andgpeeiie best itinerary accordingly,
while setting the appropriate radio stations actiognfor the user’'s preferences.
Many mobile information media would be integrateddeliver the necessary piece of
information no matter the user is onboard, in tehiee, or walking on the street, or
at her desk at work.

Transportation’s ambient intelligence, on the othand, would certainly profit
from a vast and effective sensors network. Albitaistructure and vehiculad-hoc
wireless networks (coined VANET) have been evolvitgadily over the last few
years, a fully intelligent transportation envirommestill poses many issues to be
addressed. Such kind of system, for instance, wbeldble to handle accidents more
effectively. In the event of an accident and if #m@vironment itself were able to
perceive and characterise it (e.g. identifying tlegree and number of vehicles
involved), the adequate means to address the isituawould be deployed
immediately without the need of one single persaling the emergency services,
while re-routing other vehicles to avoid the acoidesite. Another potential
application in urban public transport would incluttee automatic identification of
demand. Let us suppose that for some reason thberurh passengers waiting a bus
service at a specific stop increased considerdblthe environment, featured with
proper sensors and communication abilities, wefe tbidentify the reason for such
a transient increase in demand as well as to dyatite exceeding number of
passengers, alternative transportation means dingence services, by despatching
additional vehicles into the active fleet, could Helivered accordingly. These
scenarios might seem quite futuristic at first gnnonetheless, they are quite
feasible with today’s technology and will very likemake part of everyone’s daily
lives in the near future.

5 Conclusions

Future urban transportation, regardless whetheintdogy is available, motivates
much research and development in a wide range dtidisaiplinary fields. Safer,
greener, sustainable and accessible-to-all tratespmr has never been closer to
reality as today. Indeed, ITS as originally devisdédut a couple of decades ago put
the user in the central spot, surrounded by a waéty of services, some of which
are already currently available. However, to becaeffectively ubiquitous, some
efforts are needed to further develop concepts sashambient intelligence,
pervasiveness and autonomy of services. Wheressifscussions have suggested the
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creation of a ubiquitous transportation paradigndeaper analysis of original ITS
ideas actually corroborate our perspective that i 8 fact inherently ubiquitous.
Technology is becoming available day after day iaigljust a matter of time for the
full potential of ITS-based solutions to be recsgui and effectively deployed. The
next steps to follow include the specification offyf multi-agent based architecture of
a ubiquitous transportation system, using the @Gadéthodology [14], as well as a
transportation ontology to support services speatiin.
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