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mobility, locationsuccessful massive adoption of intelligent envirenta
will be to foster the use of off-the-shelf globatlgcessible
infrastructure, without imposing costly investmerisd
cutting edge infrastructure deployment and instalta
hassles.
Context-aware systems allow users to access seraive
multimedia data according to their current contegentient Graffiti (SG) is our proposition for prding
(location, identity, preferences). We deem thatldpg such a globally accessible Ubiquitous Computing
Web 2.0 and Ubiquitous Web concepts as guidimgfrastructure. It is a Web 2.0-based platform wahic
principles to design middleware infrastructure nease converges mobile context-aware computing with
the development and deployment of context-awatthiquitous Computing concepts and techniques.
systems and, so, result in a wider adoption oflligent Ubiquitous Web (UW) can be defined as a pervasigb w
environments. Our work combines social context-awaihfrastructure where all physical objects are resesl
annotation of objects and spatial regions with iseht accessible by URIs, providing information and segsi
mobile devices in order to enable advanced coraexstre that enrich users’ experiences in their physicakext.
data and service discovery, filtering and consuampfor
both indoor and outdoor environments.

Abstract

The main aim of the SG platform is to lower therigarof
developing and deploying context-aware systems
providing and consuming smart services in any imdwo
outdoor environment. It is based on the spontaneous
Archetype intelligent environments are  usuallgnnotation by a community of users of objects, gsaor
instrumented with a plethora of sensors and aatsidto even other people with web accessible multimedigesd
order to proactively provide users with smart segsithat and services which can then be discovered and owtbu
enhance their daily activities. Unfortunately, tisavy by mobile users, whose contextual attributes m#tose
infrastructure requirement (costly and difficult itwstall of the annotations.
and maintain) has been the reason why intelligent
environments, even in the indoors case, are afilffom Sentient Graffiti is the result of combining theldaving
being the norm. four unrelated but complementary aspects: a) last
generation sentient mobile devices, b) the Weba2.@n
Nowadays, a user is usually accompanied anywhereagplication enabling platform, rather than just as
anytime by a constantly more capable mobile dethe¢ collection of hyperlinked documents, ¢) the UW ogpic
can act as his proxy/intermediary by sensing (G®3D, where physical object services are published, diem
barcode reading) and communicating (Wi-Fi, Bluetootand accessed; and d) social annotation of the qdlysi
GPRS/UMTS) with the surrounding environment, and g@wironment. The following facts clearly indicatbat
enabling rich interactions with it. Conventionallither such a combination constitutes a promising approach

1 Introduction

the user explicitly controls through the devicevgmrs
discovered in the environment (explicit interacjian the

environment triggers autonomously services based on

users’ context, profile and preferences publishgdhe
device (implicit interaction). In all these situais,
context acts as an important source to filter dcamal
select the most suitable services for the usersaturrent
contextual situation.

However, it would be desirable that users acconguhby

smart mobile devices could profit from smart sezsic .

without having to be within an intelligent highly
instrumented environment. In fact, a key aspectthar

Current mobile devices multimedia (e.g. camera and
media playback), sensing (e.g. GPS, Bluetooth, RFID
and barcode readers) and communicating (e.g. GPRS,
UMTS, Bluetooth, Wi-Fi) capabilites make them
ideal sentient intermediaries between us and our
environment. Good examples of such devices are
Nokia N95 (includes built-in GPS, high resolution
camera, Wi-Fi, Bluetooth, GPRS/UMTS) or Nokia
6131 (includes built-in RFID reader, high-resolatio
camera, Bluetooth and GPRS).

Mobile Web 2.0 mash-ups, where users contribute
with content and create integrated mobile applceti



mixing information from diverse distributed sourcethe case of SG and other related research such as
will increasable become commonplace and I&eoNotes [4] or InfoRadar [13].

presented as smart services in an environment.

The web of everyday physical resources proposed $gveral research projects have also attempteomer lihe
UW suits perfectly to Ubiquitous Computing, makindparrier of deploying simple context-aware applicas
the UW development interlinked to a more extensianywhere, both within controlled indoor and uncotted
adoption of intelligent environments in previouslputdoor environments. Some good examples are stick-
unconsidered settings such as cities or cars. notes [1], GeoNotes, Active Campus [4], CoolTown,
Folksonomies, i.e. automatic taxonomies generat#tioRadar, Place-Its [15], Mobile Bristol [6] or ®apedia
from social annotations, linked with contexi14]. A common feature of these projects addredsed
information (identity, location, profiles) providenon- or lightly- instrumented environments has béen
efficient discovery, filtering, and consumptioradoption of the “virtual Post-It metaphor”. This taghor
mechanisms for the massive web of resources (smé@s first proposed by the stick-e notes projectjctvh
services provided by physical objects) whicHefined an infrastructure enabling the editioncadiery

constitute UW.. and navigation of virtual context-aware post-it @sot
Everything (a location, an object or even a persam) be
2 Related Work augmented with an XML document (stick-e note) which

can later be discovered and matched, taking into
The two most remarkable features of Web 2.0 [123w® consideration the contextual attributes associtiea tag.
the traditional web are: A key aspect on mobile mass annotation systembese t
1. Read/Write Web, the user stops being a passigeto address the trade-off between creating am @pel
subject, a consumer of data published by others, Isacial information space while still enabling peopb
he contributes continuously with new informatiomavigate and find relevant information and servicethat
(e.g. blogs, wikis) and space. The more contextual information used in the
2. Web as a platform, the web can be seen not ondy asontent matching process the better filtering risstiat
huge collection of interlinked documents but ast sre obtained.
of web applications offering open APIs (REST or
Web Services) that can be composed to creaentient Graffiti is in our opinion the only of tiabove
sophisticated applications combining data fromentioned systems which successfully combines akver
diverse sources, namely mash-up web applications.context attributes (identity, precise and proximity
location) and keyword-based user preference filterSG
Lately, significant research and industry efforf] )8 stresses the importance user participation; userate
underway in order to translate the Web 2.0 paradigm graffitis, tag them with keywords and then comment
mobile computing. In this work we propose to goteps add further tags to other users’ annotations. Ih ca
further progressing from Mobile Web 2.0 into Mobileéassociate graffitis to objects tagged by TRIP [11]
Context-Aware Web 2.0, which should ease the disgov ringcodes or RFID tags, precise location (GPS) tnd
and consumption of smart services from mobile devic  Bluetooth coverage areas (proximity attribute). igirty
to InfoRadar, it usefully deviates from the Post-It
The concept of Ubiquitous Web was first consideoed metaphor in that notes can be posted and retrieved
the W3C Workshop on the Ubiquitous celebrated @¢amotely and to remote places through a Web 26 sit
March 2006 [16]. However, before this workshofinally, previous ubiquitous context-aware messggin
initiative, other researchers had already consitldree systems do not provide an open API which enablid th
convergence of web-related technologies and ulmigsit party applications to use SG’s capabiliies to magh
computing. A fine example of this was the CoolTownontext-aware application. This feature gives SG a
project [8]. Its main goal was to support “web prese” platform rather than a simple application nature.
for people, places and things. They used URIs for
addressing, physical URI beaconing and sensingRiSUA few commercial systems such as Navizon
for discovery, and localized web servers for divées in  (http://www.navizon.com), Socialight
order to create a location-aware ubiquitous system (http://socialight.com) or Tagzania
support nomadic users. This vision resembles varghm (http://www.tagzania.com) have also combined thestP
the definition of Ubiquitous Web as a net of knadge It metaphor” and Web 2.0 approaches. However, the
where every physical object is web-accessible andntext-based filtering they propose is limited,oitly
interlinked. Sentient Graffiti is a Web 2.0-basddtform encompasses location and keyword filtering. They
also following the UW approach, but emphasizing thdisregard other interesting context attributes ageab
need to minimize the deployment requirements (ngakifdentity, proximity, advanced privacy control (whe
use of off-the-shelf hardware and sensing techrydlog allowed to receive what notes) or complex temporal
the environments and stressing the importance ef ugestrictions (lifespan, validity timetable and gage
collaboration. CoolTown did not deal with thecollection), which are all addressed in Sentien&ffa.
communicatory, social and navigational implicatafrthe Besides, their mobile clients compared to the S&Gvary
mass usage of a context-aware information systerit,ig limited: a) they are not able of presenting webvises,
only simple multimedia content, b) only offer lisased



views and not more intuitive map views, c) only WworVirtual Graffitis are edited through a PC web brewsr,

outdoors (GPS) or through coarse-grained Wi-Fi thasen the move, through the Sentient Graffiti mobilerd

indoor location [9], and d) allow for very limitedser and then published on the back-end. We currenthper

participation. two types of graffiti content: multimedia preseigas in
SMIL format (including video, audio and images) and

For a few years now, other researchers have alscedo URLs pointing to web service front-ends.

the importance of providing middleware support for

aiding on context-aware application development aB#fore a graffiti is edited it has to be associateda

deployment. Some good examples of this are theeRbntspatial region, using more accurate (GPS) or prityxim

Toolkit [3] and Context Tailor [2] systems. Compér® (Bluetooth) location, or to an object using its ritgy

these two systems, Sentient Graffiti is more genarid given by a barcode (see TRIP [10] ringcode in Bjgor a

simple, it does not require any special purpo$FID tag.

development and deployment of widgets or context-

sensing and inferring infrastructure. Sentient @raf Users bookmark graffitis with keywords. Althougtuser

already provides the context repository and infeeenmay always create new keywords, the system suggests

infrastructure. previously chosen keywords to encourage keyword
sharing.

Few research works have attempted wide-scale ubigii

computing deployment. To date, most ‘ubiquitousGraffiti Filtering, Triggering and Querying

computing experiments have been far from ubiquitous

generally restricted to specific laboratories oseaach In order to prevent users from being overloaded ait

groups. Pioneering work on this area was carriddbgu the graffitis associated to a location or objectlydhose

the Active Campus [4] and Mobile Bristol [6] projec with contextual attributes that match users’ curoemtext

which chose a university campus and a city respelgtas are provided. Contextual attributes input into Hystem

ideal settings for wide-scale deployment. With &smit are: filtering keywords, graffiti presentation diste range

Graffiti we also attempt to encompass global unaletd selected, location and identity of user.

deployment settings such as a city (outdoors) farcalty

building (indoors). Graffitis should be returned ordered by usage, mest
visited and recently created graffitis come fifgtus, it is
very important to track community usage of grasfitOn

3 Sentient Graffiti: definition, concepts and the other hand, an important issue to tackle insmas

functionality annotation systems is that of spam. Users shoyddtre
inappropriate graffitis so that the system stopsvigling

Sentient Graffiti enables mobile users to profinfr the them. In conclusion, Sentient Graffiti aims to uridke

benefits of Ubiquitous Computing in uncontrolledoth context and usage-based filtering.

environments, only requiring in exchange, the

participation in a community of users interested daraffiti Consumption and Archiving

publishing and consuming context-aware empowered

annotations and services. Users annotate objeatis &®metimes it will be interesting to consume a @iaghly

spatial regions with multimedia data or web servic@nce whereas other times a fixed number of times or

which are only made available to other users whese indefinitely. Besides, a graffiti may be valid fose or

match the context attributes (location range, peraé only for a certain period of time. Sentient Graffiakes

time, and so forth) previously assigned to the uess. into account all these criteria in order to clegnexpired
or consumed graffitis. Those grafittis removed are
3.1 Sentient Graffiti Concepts archived in order to keep a historical of graffaisd allow

past graffiti context retrieval.
In the following subsections we explain some imaort
theoretical concepts used in SG. WikiGraffitis

Virtual Graffiti An interesting extrapolation of Web 2.0 principlés
Sentient Graffiti is what we have called WikiGr#ffi.e.

A virtual graffiti can be thought of as a virtuadgi-it note graffiti consumer participation on a graffiti by didg

in the form of an XML document which combines somgersonal comments, additional multimedia content or

content (multimedia presentation or web servicentfro keywords. This idea may be useful to encourage user

end) with some keywords summarising the content, aparticipation and the creation of communities céffjti-

some contextual attributes (profile of creator,atimn, ers.

time interval and so on) which restrict who, wherd a

where can those annotations be seen. Graffiti Domain

Graffiti Authoring and Bookmarking A graffiti domain is a group of user-set relategwerds
qualifying a graffiti category. Graffiti domains ear



interesting for graffiti filtering. For instance ehgraffiti 3.3 Sentient Graffiti Deployment

domain Deusto_University may be associated to the ) -
graffiti qualifying keywords university, engineegn F|g. 1 shows a deployment of the Sentient Qraffm
deusto, student, computer_science and so on. A J&drastructure. A cluster of central servers stogesfitis
registering his interest on viewing only Deusto_wgnsity together will all their metadata so that approgriat
domain’s graffitis will automatically view only gffitis filtering, discovery and triggering of them can dearied
qualified by at least one of its set of associdiegvords. Ut

A user equipped with a PC browser may comfortably

access the SG back-end from his office or homshas/n

on the right hand side of Fig. 1. By means of avaaded

Sentient Graffiti presents a client/server architee Web 2.0 front-end, the user may create, discovel an

where users run a SG client in either their mobaeice consume graffitis, commenting or adding new content

or a computer's web browser, whilst a server-sidbem.

component, namely Sentient Graffiti Server, stores,

indexes and matches user annotations against uséAr'siser equipped with a last generation mobile devic

current context published by SG clients. including a camera and Bluetooth, and optionallyhva

Bluetooth RFID reader (see Fig. 2), may in an imdoo

From a user’s perspective, the modus operandi mfiecSe environment (see centre of Fig. 1) access eitheuth a

Graffiti can be described as a two-fold process: global access network such as GPRS/UMTS or a lpcall
Graffiti annotation Users of SG clients (mobile- oravailable network (Bluetooth or Wi-Fi) to the SGcka
web browser-based) add annotations to objects &ird. The sentient capabilities of a mobile deviar(era

3.2 Sentient Graffiti Functionality

spatial regions consisting of: enabling image processing of barcodes or RFID m®ade

a. Descriptions (e.g. multimedia content or weBnable the user to associate graffitis to tagggelctb or
service front-end URL) review the graffitis attached to those objects.idéatbly,

b. Keywords, describing annotated resources af# organisation may deploy within its premises tavoek
enabling their classification and of Bluetooth accessible SG Server Bridges. Theskés

c. Contextual attributes which define the conditiongnable users to create, discover and consumetigr affily
to be met by consumers of those annotations. Soa®ive within the bridges’ Bluetooth access point
of those attributes will be set automatically bg thcoverage. The bridge itself caches the last acdesse
SG client (who created the annotation, where agtiffitis associated to its domain. Thus, even sisest
when) whilst others will be explicitly set by theequipped with sophisticated camera phones or Bitieto
user (location range where the tag should teecessible RFID readers, can still profit from Sentient
viewed, who can see it, when and for how long). Graffiti infrastructure without incurring in networ

Graffiti discovery and consumptiotsers equipped communication costs (GPRS or UMTS).

with a mobile device or remotely through a web

browser running the SG client, move (physically ¢ e
virtually) through an annotated (virtually graffad) Server luster
environment, browse and consume the availat /
annotations matching the user's current conte: N

profile and preferences. This interaction may tal
place in an explicit, i.e. the user interacts wtitie
application requesting available annotations,

F%

X .. . N

implicit manner, i.e. the system alerts the useemh Ay *é\
new annotations are available corresponding to | s @
current contextual attributes. e o B s g

er Bridge Web User
S Wi & GPRSIUMTS | Bluetooth Access leb Usel

f
(Virtual location changes)
‘Base Stations  PoInt & Sentient Graffii  ( 9

Server Bridge

From a system’s point of view, SG can be seen #s &0

Context-Aware Folksonomy and a Context-Aware Mobil

Mash-up. As a Context-Aware Folksonomy, S(  wobie bevie

establishes a spontaneous classification of thectbpnd =" ™" .

spatial regions annotated and their relationshipss, it deeroudoots ey Santent

is possible to link annotations of resources slggaihor a e comen Bueen

subset of keywords. As a Context-Aware Mash-up, tikg. 1. Sentient Graffiti Use Scenarios

mobile and web-based SG clients combine geographica

information in the form of maps (e.g. obtained frorhikewise, a user in an outdoor environment may itse

GoogleMaps) and the SG back-end supplied desangtio advanced mobile device to annotate objects andaspat
regions, discover and consume graffitis in his
surroundings. In these outdoor environments, tee sy
also use the sentient capabilities (accurate locpti
provided by a built-in or Bluetooth-enabled GPS idev



attached to his mobile device (see Fig. 2), or tlentext-aware applications. The functional requeata

previously commented sensing capabilities (TRIP|IRFaddressed by this platform on behalf of applicatiare:

and Bluetooth proximity) to annotate, discover and

consume graffitis. - Model every physical object (identified by TRIP or
RFID tag) or spatial region (GPS or Bluetooth
proximity) whose information or services may be
consumed.
Make available to users only the annotations
associated to surrounding resources available under
their current contextual conditions or desireckfilig
requirements.
Facilitate explicit user-controlled interaction withe
smart object and spatial regions encountered by a
mobile user or a web user, both in a PUSH and PULL
manner.

As a proper Web 2.0-based system such as Googls Map
or Flickr, Sentient Graffiti offers an HTTP-based’IA
which enables third-party programmers to develop
. . . . . . _.applications that profit from its functionality. € HTTP
Fig. 2. Advanced mobile device including Wi-Fipp provided requires third-party clients to issd& TP
Bluetooth, GPRS/UMTS and camera (center), TRIP BHSTs  with a Content-Type header set to
;?d Blur?t'ggtlg GPdS dejwﬁe (left) and RFID tag ahéﬂ)phcatlon/octet -stream, where the body contentais

uetoot reader (right). binary data chunk including any of the following tmeds

. " and their associated parameterdOGIN_USER,

4 The Sentient Graffiti Platform GET_GRAFFITIS, GET_GRAFFITIS_BY_TRIP,
In this section, we explain why Sentient Graffitiin fact (SBE.-'I_— Sgéll?: FII_'I(')ICiI_?_'ll'(,;-\II\ILS SSFEL_S'V&AI%PT:-:—II_I‘_I'EE%S
a platform rather than an application and offer SO"%AVE GRAFFITI, CANCEL GRAFFITI. LOGOFF '
implementation details. or ACTIVATE PUSH MODEL ’

4.1 Graffiti Notification and Query

Two components within SG help on the graffiti filtey
process: Graffiti Triggerer and Graffiti Querier.hd
mission of the Graffiti Triggerer is to infer suila
graffitis for a user and filter out all the onedikiely to be
of interest. The Graffiti Querier allows for the-demand
context-aware interrogation of the Graffiti Reposjt

In the Graffiti Triggerer, an ECA rule based [9fdrence
engine at the back-end populates its knowledge Wwitbe
contextual attribute changes received from uselG S
clients, and infers sets of active annotations tvhiave to
be notified to those users’ SG clients, where they
depicted. The graffiti inference is supported bgea of
generic rules stored in a rule base which embotlies
intelligence of SG. Those rules do not only detewnmi
what new annotations need to be transmitted to a S
client but they are also in charge of garbage cbilg
expired annotations. This component enables a &@tcl =
to operate on a PUSH manner, without user inteiwent Fig. 3. Sentient Graffiti Web Interface: a) settinge and
On the other hand, the Graffiti Triggerer enableS@ tag restrictions to a graffiti (top left), b) addicontent to
client to operate on a PULL manner, communicatiifp w a graffiti (top right), c) setting location rangadauser
the back-end under user’s explicit command. constraints (bottom left) and d) viewing a graffitiottom
right).

4.2 Sentient Graffiti HTTP API

. . . 4.3 Sentient Graffiti Implementation
Sentient Graffiti is not only thought as a pradticebile I Himp I

context-aware application. More importantly, weeaipt A Java implementation of the SG server-side has bee
to provide with SG a platform useful to construgalrlife completed which runs on a Tomcat application seavet
uses the Java EE frameworks Tapestry and Hibernate,



Java expert system shell (Jess), Google Maps ARI an
MySQL. A Web 2.0 front-end client for SG, using the

Dojo AJAX framework, has also been completed. Big.
shows some snapshots of such front-end, illustyatiow
to create graffitis, assign contraints and viewnthe

Fig. 4. A logged in user searches for graffitislbgation,

views all the graffitis available in its locatioand repeats
the graffiti search after establishing a keywordd an

location filter.

A Java ME Sentient Graffiti client is also avaikalvhich
enables the creation, search, discovery and plak-béa
graffitis from mobile phones. Fig. 4 depicts a srém

where a user with a mobile device and a GPS first
its surroundings by position’

discovers graffitis in
secondly obtains a map view of the graffitis arotnir,
and finally repeats the search by position aftevirtga
established tag and location filters

5 Sentient Graffiti Examples

This section describes several proof of
applications which have been developed with th@ loél
Sentient Graffiti in order to prove the usefulnedshis
Web 2.0 platform.

5.1 Marker-associated Graffitis: Virtual Notice Board

In a university building, professors and researshene
usually scattered through several offices and labs
different floors. Students, researchers and acadstaff
often go for tutorials or comments to other stdfices. A
common pattern followed is to leave a Post-It rmttside

an office to warn people with whom there was an

appointment about the temporal absence from theeoff

when someone will be back and where that persat is
that moment. Unfortunately, those notes are nol ver
aesthetic and even more annoyingly are often sgen b

people that should not be aware of them.

concept

Fig. 5. A user arrives to an office, discovers alAR
marker and through the mobile SG client finds dw t
graffitis associated to that marker and reviewsthe

The Sentient Graffiti platform is a perfect toolitoprove
this scenario. A person only needs to place andittie
marker (TRIP or RFID tag) on the door of his office
From then on, he can associate graffitis to thatkera
creating immediately a context-aware virtual notioard.
Graffitis associated to that marker can act as
announcements addressed to office visitors. Then mai
advantages of using SG over the traditional use at-

Its, are:

Each announcement can only be viewed by the people
marked as possible viewers. On graffiti creation we
can identify whether the graffiti is public, only
viewable by a group of specified users or our
contacts.

The graffiti has an expiration time or a number of
maximum views associated that ensures it doedenot |
on the virtual board forever.

A user can remotely create or view a graffiti. diser

is off sick, he can remotely from home, with thdéphe
of the web SG client, create a graffiti associatelis
office TRIP marker. Besides, people aware of this
user's virtual notice board may remotely check his
notes.

Graffitis enable user participation, since users add
comments, new content or even associate new
keywords to a graffiti. So, a user visiting theicgf of

an absent colleague could leave a comment.

Fig. 5 shows how a user obtains through a camesaeh
running the SG mobile client a list of two grafitiOne of
them is public and viewable by everybody, whilse th
second one is addressed directly to him. Placintaeker

on an object, indoors or outdoors, turns such iietm a
smart object offering a myriad of services in toen of
graffitis linked to such marker. For instance:

A lecturer could leave a graffiti which as content
included a pointer to a web service front-end tigiou
which students visiting that office could book an
appointment.

A deamon using the SG HTTP API could annotate
the TRIP marker with a graffiti indicating whethtee
user is currently in his office or not. The user
presence in the office could be determined by
different mechanisms, e.g. Ubisense or RFID.

Obviously graffitis can be assigned to a markehwitry
different purposes. An easy way of distinguishihgn is



by graffiti keyword or domain filtering. For inste®, attached to their Bluetooth MAC address. Their main
graffitis used as notes in a board could be tagg#ddthe advantage is that it is absolutely free for thelstu, given
keyword NOTICE_BOARD, whereas graffitis used fothat all the communication is carried out through
location purposes could be assigned the keywdBiletooth. Fig. 6. shows a user with a Bluetoathiged
USER_LOCATION. Thus, it would be possible to createmobile device discovering both a public web service
a location service which inspected all the graffith a graffiti and a private multimedia graffiti.

setting of type USER_LOCATION, and produced a view

of them over a building map. 5.3 Outodoor Graffitis: Urban Computing

52  Bluetooth-range Graffitis: University Servics Sentient Graffiti can also be applied to Urban Catig
Booth scenarios where the precise location informationthef

user is known either by GPS or using marker teaaol

The Faculty of Engineering of the University of Beuis (TRIP or RFID).
equipped with several digital information boothegdop
left frame in Fig. 6.), each hosted in an embedd&de have prototyped a Bus Position Alerter whicloinfs
computer with a tactile screen, from where studamid to users present nearby a bus stop about the latine of
visitors get university information and access araid forthcoming buses. A specially designed server-side
services, e.g. course registration, marks lookaghsd on. application communicates with the SG platform tigiou
We have enhanced these digital booths by attactungits HTTP API in order to periodically publish a itk
them a Bluetooth access point and installing theS8@&ver announcing the waiting periods for next buses Bgito
Bridge software. The faculty webmaster regularlyus stops. Those graffitis are constantly updatiél mew
publishes graffitis bound to the Bluetooth MAC askfies bus location information. The information shown
of these booths, only visible in their Bluetoottvemmge:  retrieved from the Web 2.0 site http://www.bilbobofo
- Public graffitis are used to provide nearby usevghich offers real time data about the location o$ds in

announcements of general interest, e.g. a conferetfee city of Bilbao

notice, university news and so forth.

Graffitis addressed to specific groups, e.g. sttgledhis prototype could further be extended to offgens in

registered for a course who are alerted abouttarkec @ bus stop alternative transport options, such ezsby

S

cancellation. available taxis or underground stations. All thgsaffitis
Graffitis for a specific person, e.g. exam marWkould be tagged with the same keyword in orderotier
notification. filtering, e.g. BILBAO_TRANSPORT Other interesting

Graffitis associated to a tag, e.g. OPEN_DAY, s thapplications scenarios enabled through SentientfiGra
potential students visiting our university get afPr Urban Computing could be context-aware cityrsoor
overview about interesting facts in the univerdity publicity campaigns.
the form of graffitis. The lifespan of those graffiis
usua”y set to one day, so that immediate|y afver tNOte that Sentient Grafftiti encourages third [ﬂmtito
open day those graffitis are removed. create mash-ups which access to its infrastruchye
means of the SG HTTP APl and mix the data obtained
On the other hand, our SG-aware booths also enaWwigh info from other Web 2.0 applications.
students and staff to create their own graffitior F
example, users may create new graffitis tagged with 6 Conclusion and Further Work

keyword ACOMMODATION so that students looking for ) N
housing can view them. Platforms such as Sentient Graffiti should leadowgards

the creation of mobile social communities, wherersis
both real and virtual may discover based on theirent
context everyday physical objects and regions auggede
with virtual multimedia and service annotations,thwi
which they can interact. Moreover, those platfosheuld
promote a more extensive adoption of intelligent
environments in previously unconsidered locatiaritsels,
cars, hospitals, homes) without imposing important
deployment and maintenance hassles.

Binding graffitis, authors and consumers to an logy
would enable associations among different author
graffitis, the author themselves and graffiti camsus. We
are currently planning to automate, as an off-pnecess,
the association of tag and user entries to Dubtire@nd
FOAF ontology entries, respectively. For that psgove
oty are currently working on the Folk20nto tool which
converts the Sentient Graffiti folksonomy, i.e. thser-

Fig. 6. A user nearby a Digital Booth obtains: aheric
university information offered as a web serviceffifrab)
information specifically addressed to him through
multimedia graffiti.

Something important about the SG booths is that
enable the creation, discovery and browsing of figisaf



created spontaneous taxonomy of graffitis basedhen
keywords assigned to them, into an Ontology comigini
the vocabularies of Dublin Core (for graffitis) aR®DAF
(for users).

Further work is required to ease the provision refffgis
to consumers. Currently all

the available graffitis

computing, Proc. 28th international Conference on
Software EngineeringlCSE '06, ACM Press, New
York, NY, pp. 462-471, 2006.

[10]D. Lépez-de-lpifia et al. An ECA Rule-Matching

Service for Simpler Development of Reactive
Applications, IEEE Distributed Systems Onlineol.
2,no. 7, 2001.

according to a user's current context are offered1]D. Lépez de Ipifia, P. Mendonca and A. Hopper,

However, it would be desirable to offer those gtiaff
sorted by their specific importance for users. Ssmtting
of graffitis could be possible if graffiti consunmm
patterns were identified. In essence, we aim tgpadome

TRIP: a Low-cost Vision-based Location System for
Ubiquitous Computing,Personal and Ubiquitous

Computing vol. 6, no. 3, Springer, pp. 206-219,
2002.

of the mechanisms used by search engines to diter [12]T. O'Reilly. What Is Web 2.0 — Design Patterns and

most relevant pages as first results to the grafimnain.

Finally, we plan to pass from the proof of concept
scenarios explained to a real deployment of thei@#n [13]M. Rantanen, A. Oulasvirta, J. Blom, S. Tiitta d&id
Graffiti within our university campus. In fact, ware
interested on analysing the role this system may ph
constituting a mobile context-aware social netwaklour
students sharing their knowledge as an ecosystem of ACM Press, New York, NY, pp. 131-140, 2003.

annotations.
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