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Abstract—The imminent mass deloyment of pervasive
computing technolodes suchas sensor networks and RFID tags
togetherwith the increasng participation of the Web community
in feeding geo-locatedinformation within tools such as Google
Earth, will soon make available an incredible amouwunt of
information about the physical and social worlds and their
proceses This opens up the possbility of exploiting al such
information for the provisioning of pervasve context-anare
services for “browsing the world”, i.e., for facilitating usersin
gathering information about the world, int eracting with it, and
understanding it. However, for this to occur, proper modelsand
infrastructu res must be develoged. In this paper we propose a
simple model or the representation of contextual information,
the desgn and implementation of a general infr agru cture for
browsing the world, as well as some exempla services we have
implemented ower it.

Index Terms—Pervasve computing, Browsing the world, GIS,
GPS, RFID tags

I. INTRODUCTION

wo apparertly disjoint trends motivate this work. On the

one hand, the imminent mass diffuson of pervasive

computing technologies swch as sensor networks
[ChoKO03] ard RFID tags [Wan@®] will soon make available
an ircredble anount of reattime information about the
physical world, its poceses, andits objects. On tle other
hard, the damatic successof paticipatay Web tods (aka
Web 2.0 techndogies) is feeding the Web with information of
anykind about any topic. In paticular, mapping tods sich as
Goode Earth and Google Maps get continuoudy enriched by
geclocaked information coning from very diverse sccial
conmunities am related to a variety of facks and evers
situated inthe wald [ButOg].

Overall, both the atwve trerds contribute to accumulate
information that canbe potentially usedto build real-time and
histaical models of a rumber of facs am processes
happening in the world. More pragmatically, the possikility of
acquiring detailed digital information about the surounding
context opens up the possibility of exploiting all such
information for “browsing the world” [Cas(6]. The concept d
browsing the world considers that, by properly integating

Manuscipt received luly 7, 2006. This work was supportea in partby the
project CASCADAS (IST027807) funded by the FEET Progran of the
EuropeanCommisson.

Gabriella Castelli, Albéo Rosi, Marco Manei, Franco Zarhonelli are
with the Dipatimento d Scienzee Metodi dell'Ingegneria Universita di
Modena e Rggio Emilia, Italy; e-mail: name.surnane@uninore.it.

32

information about the surroundng world coming from both
pervasive cevices aml form the Web, it will be possilde for
users to gather corntextualized relevant information, ard for
senvices to effectively support user activities related to
interactng with the ptysicalworld in acontext-aware way.

Howewer, caddering that the amount of available
information from a varety of saurces could becane
overwhelming, its effective exploitation by users andsenices
calls fa proper nodels to refresen such data inanexpressve
yet sinple-to-be-manipulated way, and for proper sdtware
infrastricture to organize and provide access at it.
Accordingly, the contribution of this pgoer istwofold.

First, we gropose a sinple model to repesen contexual
information about the physical word, for the se of both
users’ querying acivities andcontext-aware serices. The
model, which we cdl “W4”, is basedon the cansiderationthat
most information abaut the world can be simply repreentedin
terms o four “W”s — Who, What, Where, When — and that
such a represetiation erables fo very expessive, ad flexible
data usges.

Second, we describe the design and implementation d a
general mddeware infragructure for browsing the wotd,
facilitating the developmert ard supporting the activities of
general-purpose contex-aware [grvasive senices. Tle
infrastricture  swports PDAs and laptops access to
information comning from bath pervasive devicesand the Web,
provides for representation and ormanization of daa in W4
tems, nmekes availablea Jawa interface fa users’ queries and
for senices acces$o such data, ard it is integrated with both
Google Eath and Google Map for the salke of effective ugr
interfacing.

The remainder of this paper is omarized asfollows.
Sectbn 2 betterdetaik the gneral sceario of browsing the
world ard the challengs itimplies. Secton 3 preserts the W4
model. Section 4 details the implemented sdtware
infrastricture. Section 5 preserts samne senices we hawe
implemented on bp of our system. Section 6discusses related
work in the area.Secton 7 concludes

II.  BROWSING THEWORLD

In this secton, we better dfine the sceario in which our
research situates by properly identifying the componerts
involved in the “browsing the wald” vision, and by
discussimg the asociatedkey challenges.

A. Scenarios

As dated in the introdudion, in the near future, our
everyday environments will be densely popuated by a variety



of embedded devices such as sensor neworks [ChoKO03],

RFID tags WanD6]. Users in an ewironment will be able,via

wireless interfaces mounted on some wearalbe conputing

device (e.g. a PDA o a snart phone), to directly access
devices in their proximities to gather informaton alout

pheromenaoccurring in the surroundings o (as in tke case ©
RFID tags atached toobjects)abaut nearly physical objects.
In addition, users will be alble to acess to the Web via sane

wireless communication technology, to dynamically retrieve

any neecakd information. Other than accessimp “traditional”

Web information (e.g, html pags ard Web seniceg, this

also enalles uses 1 access getocaked information

corcerring specific sites geographical areas ath gereral facts
and annaations about them, as they can continuously

provided via collaborative Web 2.0 techrologies ty the Web
community [Esp01, TerK06]. In addition, it enables usrs to

aces information generated by sersors ard enbedded
devices (far in the world or close to him but beside his range

of direct access)

Users, in turn, can decide to unvel (totally or to some
limited extert) their presere inan ewironment, by making
sonehow availabe to the public theiridentity, location and/or
acivities. Ths can occur by dynamically uploadng such
information on the Web, or by meking it available to othervia
ad-hoc connettions, or even by uploading it into surounding
pewvasve devices.In this latter case, govasive cevices such
as RFID tags would act as asort distributed memory
infrastricture [MamQZ06g. The location of uses will be
always awailable, either becase trey wil carry on a GPSor
becaweof locationcanbe inferredby the pattems of acces ©
pewvasve devces (e.g theacces  a RFID tag wih aknown
location implicitly determines the locaion of the user [Sat05)

(see Fig1).
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/A

< The World

_— Pervasive Deviges ——

—— —————

Figure 1. The general scenario of browsing the warl d.
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On the lesis d the almve candderations the concep of
browsing the world, in general terns, cansider the possibility
of navigating in an informaton smce that — by propery
mergng and integrting informaion coming from both
pewvasve devces andhe Webcan repesnt adetailed model
of the wald, conprising both presem and histoiic fine-
grained geo-located daa about the world, its entities, its
proceses, ad its saiad life. In context-aware usr-centric
terms, which are the ores d more interest heg, the concept d
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browsing the world implies the possibility for usersin an
ervironment to acces ard ravigate mearingful information
about the surrounding physal world, and for software
senvicesto accessand manipulate suchinformationto enforce
various degeeof context-awareress ad context-adaptation.

B. Challenges

From the merely techrological viewpoint, the “browsing the

world” vision could be alread turned irnto reality. Indeed,

novd services and Web dtes that can be included in the

“browsing the world” categ@ry appear ewery day [Cas@].

However, beside spcific senice implemertatons, for

browsing the world to becorme common practice based on

sound engneered actvities, seveal challerges renains to be
addres®d. In particular:

1. It would be fundamental tocreate agenera modd to
represem context information and to build a wald model.
Spetial information is important but it is not enough.
Tenyporal information must be included as wd as
information descibing the acivities takng place inthe
world. The model should erable todeal wih inconplete
information, and stould dlow navigation among context
information on the besis of what is available at a tyen
time.

2. It would be importart to hawe a gerral infrastricture
suppating the modd that should work without requiring
or committing to the awilability of specific tecmologies.
The infrastructure should be general-purpose, autonomic
ard adapable. Reying on this infrastricture, the
activities of browsng the word stould not be
compromised becase of say, tle tenporal unavailability
of an Interret cannection or the wavailability of a GPS,
or of an RFID reackr. Consequertly, apgications built on
that infrastructure should not mandate the availability of
specific information, but should exploit whatewer
available information on a bes effort bass.

Beyand the haizon, it woud be important for such a general

model to emabe easy processitg of data,to faciitate the

identification of links between isolated bunch of information.

This woud erable he creation of complex knowledge

networks, and possibly would promote the creatim of “new

knowledge”, adt can be devied by inference fronexisting
information [Bau06).

The attampt to face he abwe challenges, by @fining a sinple

yet effecive nodel for context data ad a general sdtware

infrastricture, as peliminary ard incomplete asit canbe, is
the exact gal of our work.

Il. THEW4 CONTEXT MODEL

We propose a simple model in which context ddais expressed
by a four field strwcture: who, what, whee and when. Such a
model apgarseffective in anumber o circumstarces sinceit
points ait same of the main topics that are ao involved n
humen thinking: who is acting? What is he/shelit doing?
Where aml when the actiortakesplace?



A. Overview

The god of our propcsd is to develop a general modd to

manage conextual informaton. Information to be hardled
will come from multiple arnd heterogeneous surces, and
would be related to aatge number of situations ranging from

the description of physicd propertiesin geographic areas to

social facts ath processes #ppening in the world.

In paticular, we developed amodel in which context deta is
descibed by means 6 4-fields tuple: (Who, What, Wtere,
When). We close ths structure becaus of its evident
mearing ard flexibility. In fact aW4-tuple allows to exress
a situationin a rther natual and human-like way, e.g.,
“somemne a sonething (Who) does some activity (What) in a
certan place(Where) ata sgecific time (When)”. We call each
of these tples aknowledge atom to describe the fact they
represert an atont unit of context information.

Knowledge atons are createdyba number of sdftware agets
running on different (pssidy ermbedded) devices, andwill be
stored in a sutade shareddata sp@ace (n sectbn 4, we cetail

our adual implementation of this space). Aplication agerts

that canrange from context-aware serice providers, to sirple

interfaces spporting users in browsing information, will

acess the sharedspace toretrieve those cantext information
that are sitalde for their agplication task.

B. W4 Data Representation and Generation

We cefine context as a éur-field tuple (Who, What, Where,

When):

- Who is the sbject desribed by the catex structure.
Who may be a human persa (e.g., Gabiella) or an
unanimated part o the catext (e.g, anRFID tag. The
Who field is represettied Ly a strirg with an assaiated
namespace that defines te “kind” of entity that is
represened. For exanple, vaid erries for this field are:
“person:Gabrielld’, “tag:tag#567".

- What is the activity gerformed by the sulject In the
likely casethat this is nd directly available, t can be
inferred from the daher cortext paranmeters (e.g, an
acceleroneter canreveal that the usr isjogging), or it ca
be explicitly supplied by the user. This field is
represetted as a stringcontaining a predcate-complement
staterent. Far exanple, valid ertries for the What field
are: ‘read:lmok”, “work:pewvasve conputing group’,
“read:terperatue=23.

- Whereis the locationto which the caitex relates.In our
model the location may be a physical s@acerepresened
by coordinaes (ongitude latitude) or by geographic
regions (specifically, our modd adopts the Postgis
language to describe such regions
[postgis.refractions.net]). Moreover, it can also be
represettied as a ogical place. Logical places lke
“campus” or “bark” are mapped in the respctive
geographic by using a fixed dictionary. Logical places
like “here” are napped via sinple algorithms corsidering
the wser current GPS locaion. Note that his enbrces
context-awarerss, e same “here” information get
multiple mearings depending on the user actual locaion.

- When is the time duration to which the catext relates. It
may be an exact range (e.g., “200607/19:09.am -
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2006/07/19:10.00an”), a condse description of a range
(e.g., 928am), or ewen a lagical vaue (e.g., “now”,
“today”, ‘“yesterdhy”, “before”). Exact values are
represered with a“begintime-of-day —end-time-d-day”
expressian. Concise desription and logicd values are
mapped via simple algorithms to the caresmnding exact
value. For example 9:28am = 2006/07/19:9:28am + 5min.
It is important to erphasize hat concisetime descrigtions
ard logical times are contextual ogeratas, heir mearing
depends an thetime the query is actidly issied.
Sdtware agerts are in chage of creatng and inserting
knowledge atom in the slared space. Agents sense
information from sevesl devices(e.g. RFD tag GPS dvices,
Web sewices) and combine them in order to produce a
condse and dfective description of wha is hgppening in
terms of a W4 tuple. Tre following exanples illustrates the
atom generation process.
Galriellais walking in the canpus’ pak. An agert running on
her PDA can priodically create anatm describing her
situation.

Who: user:Galriella

What: works.pervasive computing group
Where: lonY, latX

When: now

The Who and What informaton are etered drectly by the
user & the lagin of the agent application, Where and When are
dynamically provided by the GPS device.

Galriella’s PDA is connected with a RFID tagreader A
specific RFID agnt caoitrols the reader and handles the
asciatedevents.When atagis read the RFD agent creates
a knowledge atomto store the tag hformation In paticular,
either the tag would contain its owndescription, or the tag 1D
would beresolved in a dictionary to retrieve the description.
This information, togetrer with the “tag’ namespace wil fill
the Who field. What is left urspecified. The agehaccesss the
GPS toretriewe locationof the tagand fill the Where field.
Finally, it conpletes the Wien field with the logical value
“now’.

Who: tag:statue of Ludovico Ariosto
What: -

Where: lonY, latX

When: now

C. W4 Interface

Knowledge atams will be stored in a slared data space. In
particular, ourmodd relies on te following non-blocking and
deterministic operatiors:

void inject(KnowledgeAtom a); enters a knowledge atomin
the slaredspace

KnowledgeAtom[] read(KnowledgeAtom a); retrieves al
the atoms matching a template knowledge atom.

The inject operation is trivial: an agent accessethe shared
data smpceard siore a knowledge atomthere.

The read operatn, instead requires same more disclssion
The W4 Modd is suitable not only to represent context
information, but for questioning too. A query will be
represeted by a W4 tuple with missirg values (.e., fieds left
unspecified). The readoperaton triggers a pattermatching



procedire betweenthe qiery amd the knowledge atoms that
already p@ulate the data space.Matching atorrs ae returned
as resuts d the guery. In this process it is important to
understaml that the pattem meatching operatiors work rather
differenly from the traditiona tuple space mddl. In fact, our
proposal can rely on the W4 structure © erforce nore
expressive pattem matching operatiors that hae a dfferent
mearing for the various Ws.

- Who and What. Patem matching operations in these
two fields is based on gring-based regular expressions.
For exanple, a patter like “ser:*" will match ary user.

- Where. Patem matching in this field inwlves spatia
operatiors (again inspred by Pgtgis @erations).
Basicdly, the template defines a bounding box
Everything within the boundng box, matches the
termplate. For exanple, a [@ttern like
“circle,center(lonY,latX),radius:50m” defines a circle
certeredat (lonY, latX) with a 300m radius. Tupleswith
a Where field within the circle wil match the tenplate.
Logical places have to be translatedinto actual sptial
regionshbefore of going through the pattern matching.

- When. In this kind of pattern matching, the template
defines a time interval. Everything that reppened within
that interval metches the tenplate. Concise time
descriptions and logical times will be converted into
actual time intewval before df pattern matching.

The fPllowing two exanples llustrate he qLerying process.

Galriella is walking in the canpus, am wants to know if

sone colleagie is rear. Ske will ask(readoperatior):

Who: user:*

What: works:pervasive computing group
Where: circle,centelpny latX),radus:500m
When: now

Analogowsly, Gabriella can ask if some of her colleagues has
gone to work in the norning:

Who: user:*

What: works:pervasive computing group

Where: office

When: 2006/07/19:09.00am - 2006/07/19:10.00am

It is important to enphasizethat returned answers lave ot to
be “complete” W4 atoms. The pattem matching mechansm
also allows matches between incomplete information. Thus,
following this approach, applicatons are Itased on
conponents enering complete armd inconplete conext
information and geting in response other refined (but possibly
till incomplete) information.

D. Discussion and Future Extensions

In our opinion the proposed W4 modd addresses some of the
previous challenges. Frst of all, the nodel is gereral enaugh
to be usedin different applcation fields, e.g. outoor and
indoor navigaion, location-based services etc. The field
structure is suitalle fore a variety of application indeed no
field is application Pecific. The 4field stucture is suppacsed
to have meanirg for almost all cortext sibject. Nevetheless,
if a field is enpty the ahers may cary useful piece @
knowledge. The lack of a field doesrit compromise the
correctress of an atan neitherthe ablity of retrieving atams.
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This makes the modd autonomic and alaptable. Even if the
structure is very sinple, it conveys alot of information
beyond the gpatial ones. The desaiption includes both
parameters of the catext (time, location) and paraneters
aboutactivities being urdertaken.

In our opinion, there ae however two importart extensons
that could bevaluably added to the modd.

On the one hand, the curent model is samewhat limited by
the lack of a refererce ontology that could add senantic
relationships to the cortefs in the WHields. With swch an
ontology in place, kowledge atans calld be related also if
their fields do not match exacly, ard ako apgication ageims
would be able to manipulate the retrieved context information
in a nmore meanngful way.

On the othe hand, Althowgh pdtern matching opeations
proved rather flexible to retrieve context informaton, in our
future work, we would like to exploit the W4 structure ©
better navigate the catext repository. More ecifically, we
would like to link together the various knowledge atoms to
form a knowledge nework where it woud be posshle to
navigate from one W4 tuple to the other. From this
perspective, tre W fields could be lirk to other knowledge
atams, sothatit would be mssible, for exanple, to fdlow the
Where link to get furtherinformation on where agiven ertity
is locaed Our idea, is hat the possibility of querying this
network, insteadof aflattuple space, wdd allow nmuch more
semantically rich quedions ard infererces.In particular, new
knowledge could be produced by navigating the knowledge
network and combining and aggregating existirg information
into new knowledge atoms.

IV. THE"BROWSING THE WORLD” INFRASTRUCTURE

To enalbe the cancept of “browsing the world”, we designed

and implementedaninfrastricture basedon the W4 model. In

this secton we first present the general archtectue

underlying our infrastucture, thenwe will detail the mrts that
fulfill the W4 model.

A. The W4 Architecture

A gereral infrastricture to erable human-centric browsing of
the wald must include senices Pr data acquisition, data
integraton, and data visualization. The achitecure we hawe
implementedis arganizedas fdlows:

1. Putting humanrs at tte center owr archtectue considers
users with portable computing devices (i.e., laptops or
PDASs), integrating localizaton devices (i.e., GPS),
devices toacqure information from the physical world
(i.e., RFID reactrsand sersors), andmears to canect b
the Interret (.e.,WiFi ard/or UMTS comecions).

2. Data caning from these @vices (there included user
GPS dta) isrepresetted by mears d the WA tuples, and
stored in the Iccal tuple space to le later accessedy
apgication agents.

3. Relevant data are sento a dobally accessile stared
tuple spacecontaining the W4 model of the world. This
space allowsmultiple usersto exchange information and
to conduct wide-area geries.

4. A RFID reader (in the form of a wearale glove)
comectd to the laptop or to the PDA \a aseiial cable



can be usedto cdlect information from RFID tags
dispersedin the environment. This ifiormation, erriched
with the ptysicallocationwher it has leencallected(as
provided ky the GPS, evice) isstoredin the local tuple
space.

5. Data coming from sensa network nodes (Crosskow
MICAZ) canbe accessedby asutabe agent that callects
sersed data andstae themin the dia space. Da is
eniichedwith the plysical location of the actualsersors
and converted in the W4 format. Alternatively, sersor
data cailld be codlected by a base-gation and sent
directy to the “World” tuple space.

6. Specifc sewices can brealzedby mears of application
agents (i.e., autononous Dftware comporents) running
locally on the user portable avice andaccesing, via the
W4 model, both the local ard “World” tuple spaces.
Also, application agents caninterface wih a local GIS
client (Google Earth or Google Maps) to turn data nto a
user-centric rspective.

7. Agents candynanicaly connect b the Web to retrieve
addtional information to integratewith that caning from
the WA tuple saces.

The whde systemhas beenreaized using the Java langage.
The “World” tuple spce hes beenimplemented through a
Postgres database with spatial and temporal extensons. The
local tule spaceis smply implementedby aJava Vecbr. The
RFID reackr ard the sersors are accesseda JNI andsackets
respectively. User interface s provided by Google Earth(for
laptops)and Googt Maps accessedia the Minimo browser
(for PDAS.

+—> ro\
N

W4 Tuple Space,
“The World Madel"

Sensor Network

RFID Tags
Figure 2. User centric infrastructure for browsing the
world

B. W4 Tuple Space

All the information coming from the supported embedded
devices (GPS, RE} and wireless snsors) is reresened by
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mears d W4 tuples, andstored in a local tuple space.
Application agerts accesshis s@ce 0 retrieve W4 context
information suwpating their activities. Thus application
agents are completely decoupled from low-level embedded
devices, ard so they aces aml deal with contexual
information only in tem of the W4 model. In addition, the
availability of a local tuple space allovs the systemto work
also in asence of a nework conrection and alows to
minimize the generateddata traffic (ard its as®ciated cots).
Since tlis tude sm@ce fas to n on portable devices, it has
beenimplementedby asimple Jawa Vecta accessiblavith the
W4 interfaceasdesciibed in 3.c.

Other thanthe local tuple s@ace,our infrastricture is provided
with a globally accessite stared tuple space cotaining a
model o the wald. This space allows multiple users b
exchange information andto conduct wide-aea queries. For
scalahility reasams, thee caild be more Wald tuple spaces,
physically dislocatedn the ervironmenrt ard linkedin a DNS-
like herarchy. Howeer, our currert implementation consists
of a simgle Web-accessile Tancat sever giving accesdo a
Postgres ditabase that stoe the W4 tuples. We realzed JSP
ard Sewvlets implenmenting the W4 interface

Application agents have to decide which information hasto be
sent to the World tuple smce ad which hasto remain only
locally confined This decision may depend on many factar,
such asprivacyisses (e.g a ugr may not be comfortable of
condantly sending his GPS location on the Web) and
scalablity reasms. Fa exanyple, trivial math says that stamg
one persa entire life (100 year§ GPS traces 2 floats)
sanpled at 0.1Hz amounts at 2.5GB of highly redundant (thus
compresside) data. Deending on needs, agrts can decide
the rate ofdata to semto the dobal server.

C. W4 Query Engine

The WA query engne is the canponert that is incharge of
managing the WA queries ad perform pattern matching
opeations

The query ergine running on the local tuple space has been
developed in Java. It basically, scansthe local Vector of tuples
and uses Sting parsing methods and simple geometric
algorithms (to handle Where clauses) for patern matching.

The query ergine running on the “World” tuple space
dynamicaly trandates W4queries in SQL to execute themon
the Postges databag. In this implementation, query pattern
matching is supported dther natively by SQL or by the
Postgis sjatial extension for the Where field.

It is worth enphasizing that the curent implenmentation is
only a first prototype andthe curert tuple s@ce ad ouery
method is ratrer reive. Havever, in future implementatiors,
we will enrich the curent infragructue so as to manage,
orgarizeand integratedata in a nore canplex ard clever way.
In particular, as discussed in 3.4, we would like to abandmn
the curent flat tuple-based inplemertation and structure
context information in neworks of knowledge. Such network-
based representation wauld be more naturaly distributable
ard could make aur infrastricture more adaptive and
auonomic.



D. The Graphical Interface

We deweloped a flexible graphical subsystemthat can be
easly enployed on both laptops ard PDASs. In particular, it
interfaces with the GIS tools mede available by Goqgle:
Goode Earth and CGoogle Maps to disday retrieved context
informationas pacenarks in a sgecific geographical area(see
Fig. 3, 4, 5). Ou graphical subsystemis basedon the Keylole
Markup Languege (KML), fully supported by Goode Earth
(at the noment only available 6r desktops and laptops), and
at least partialy supported by Goagle Maps and Google Maps
for Mobile (that can be accessedalso by PDAs aml snhart
phoneg. This larguage allowsto errich geographical images
comng from the Goale GIS sdfware with custom
placenarks, images, P objecs, etc. Thus, our graphical
interface pst translates mper W4 tuplesin a correspnding
KML file anddynamically provides t to the Goagle sdtware.
It is worth noticing that the KML language allows also to
specify the user viewpoint on the map. This naurally supports
context awaenes, in that an agnt colid decide to certer the
map where elevant information are located.

Folowing this approach applicaton agens canthen acqure
relevart information by both interfacing with enbedded
devices, ad relying on userinterfaces Such information wil |
be repeserted in he W4 language fa the sake of easy
retrieval, manipulation and undestanding. Rndly, it will be
corverted inKML for the sale of effective visualization

V. APPLICATION EXAMPLES

To test our model and infrastructure, we developed some
simple appgications hidhlighting the flexibility of the W4
model ard infrastiuctue. In all these eanples, we
implementeda oftware agert that
1. receves eitherstatic ordynamic queries from the user
2. accesss the Wald tupe spaceto retrieve suitable
cortext informaton.
3. creaesa KML-formatedanswer, ad dsgays it eitherin
Google Earth (for laptops) or in Goagle Map (for PDAS).

A. The Journey Map

A first application allows to provide contex-aware
informationto a userequippedwith a GPS dvice anda RFID
reackr. In particular, we facusedon the sceario in which a
tourist wants to automatically buld and maintain adiary of his
journey. To this er, the poposed senice dlows to keep
track of al the user movements and have them disdayed on
the mep of the visited pace. Moeover, the spport for RFID
allows to access likely-tdbe-soon-avddble tourist
information staed in RFID tags attachedto monuments and
art-pieces. Fron the diary persgective, this allows to stoe the
visited art-pieces’ locaion together with their description on
the journey map. The W4 model can acommodate anumber
of interesting queries inthis scerario. A first query allows b
retrieve information abait RFID tags being read

We implenented this as a stic query that the agnt asks
cyclicaly to the local cache fotuple smace (recall hat te
RFID agent isthe ane in charge d readng nearly tagsand
represen them in W4 format). If a tag isfound, its content
(propelly parsed and erriched with Webretrieved
information) is used to create a KML pacenark that wil be
dispayedin the wser intefface (see . 3). It is worth noticing
that data coming from sersor network could be accesed viaa
similar W4 query.

Another senice we realized for the journey map application
allows an agert to recover user pas locations from the Wald
tuple space.This senice could be wseful to review a past tour
ard check the daceswhere the wser has been The assoiated
W4 guery canbe expressedn the form:

Who: user.Galriella
What:; *

Where: *

When: yesteray

Who: rfid:*
What: *

Where: lonY, latX
When: now
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Similarly as before, we inplemented this ®rvice as astaic
query. The agert queries e Wald tuple space, retriees aiist
of past GPS traces dmdsplays as &ML- ploylinein the user
interface ig 5).

|| Statue: Ludovico Ariosto

who: Statue, Ludovico Ariosto

what: Statue of Ludovico Ariosto in Regaio Emilia.

Ludovico &riosto (September 8, 1474 - July 6,
1533) was an talian poet, author of the epic poem
Orlando Furioso (1516)

106302227 5745365 44 7013001 3554432,0
27T 2008 15:30:04

ftinerari: Arriva aui - Parti da gul

Figure 3. (top) The RFID-reader embedded ina glove
allows to identify tagged objecs. (bdtom) RFID tags
becanesplacemark with Web-retrieved information in the
GIS sdtware.




Pointer 44°38:07.84° N| 10:54'32.44 E e 00

Figure 4. GUI showing user’s pastGPStrces

B. The People Map

A user equipped with a GPS avice candecide toshare hs
location with other users and, analogaudy, he may wish to be
awaee of the location of othersusers. For exanple,a goup of
friends can share their actal GPS I@aions (representedas
knowledge atons) with eachother. This carhappen ether by
uploading knowledge atoms to the World repository, or by
exchanging themin ad-hoc way ard staing themin the local
tuple space cade only. Either way, colleced knowledge
atoms can be usedto display users’ locaions on real-time a
map (which, by the way, can highlight other interesting Web-
retrieved information for the goup, such as nuseuns or bar,
depending on the gecific interests ofthe group). It is finally
worth noticing that aur current implementation of the sewice
deal with pivacy by leavng up to the individual user to
decide whether to: share its position or nd (and with which
acarracy), make it availabe aly to a resticted group of
users, or to make it pubicly available but only in an
anonymous way.

The W4 model canaccanmodate the sone relevantasks with
the fdlowing query

Who: user:*

What: workspervasive computing group
Where: *

When: now

In addition, using the W4 model, we developed an advanced
interface toerale locationdependert queries. A ser canuse
the “Who", “What", “Where” and “Wher’ fields to
dynamically compose queries ad to ak informaton alout
local fact ard “things’ (e.g., “Find dl restauarts within 500
meters”) and get in arswer he \visualizaion at te corect
location (i.e., in the form of Google Earth/ Goagle Maps
placenarks) of al that is faund matching the query. Since te
answerto alocationdependert query is basd on the location
of the mobile users the resuts of thee queries dyramically
charge as the wers charge their locationin context-aware
fashon. The query interface lets tk user chaose the number
of urknown fields, paentially the wser canaccesgo the whole
atom knowledce letting all the fields set to “a”.
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VL.

In the past few yars, seeral nmodels addessingcontexual
information and oontext-awae senices have been
investigated, and several infrastructure approaching -- to
same extent — our concept of “browsing the world” have been
proposed In this sectbn, we discuss and compare with ours
some relevent proposals in trese area.

A. Related Context Models

Existing researcles on models br context-awareinformation
try to create highlevel and gereral-purpose context
represertaton to be easilyqueried.

First waks by Schnidt et al.[SChATT®] corcertrate on the
acquisition of context daa from sensors and the processing of
this raw data through alayeredmodel. Similarly, the GContext
Toolkit [DeyAS9®] focuses yon deriving contex from raw

RELATED WORKS




data ly providing abstract conponent that can be comecid
togeher to capture and process the daa from sensors.
Although powerful, in our opinion, these approaches lacks of
a conmon senantic to descibe tre data This force
developers to build nev query languages depending on he
kind of information at tand. On the contrary the W4 model
provides a common senantic to deal with multiple corext
informationin a cderent way.

We focuses pon dewelop a context nmodel tat canbe easy
queried The pioneerirg work in this area & by Schilistet d.
[SchAW94], who proposed a smple context model in which
informationaremaintained by a set of ervironmenrts variables.
Analogously, Heniicksen et al. in [Hen R02] aralyze conext
addng the temporal aspect information imperfectian, vatous
represematon and high interrelation However this aproach
leads to a long list of all characteristcs of cortext, lacking in
simplicity.

Others auttors wse gructured context models astuple space.
In mobile conputing sevedal systens swh as
MARS[CabLZ00] and LIME[MurPRO]1] use the noton of
reactive programming for shared unstuctured tuple spaces.
The Context Fabic' s fundamental abstacion is the
InfoSpace [Hmg02]. Each hfoSpace is a contex tuple
descibing a sirgle piece & context data interns o ertities
(peofde, place, hing), atributes (e.g the name) and
relaionship, special kinds of attributes tkat points to other
entiies. That approach doesrit addes the tenporal
dimension of context. Egospaces [JulR02] provides a
structured notion of context as nane-value pdrs in a Linda
like tuple space. Huppaces addbsses contex-aware
programming in Ad-Hoc environments populated of agents by
proposing an egocentic notion of contex, i.e. every agent
hods a peronal repgesettaton of the wald - that
represefation is calledview. That approachis relaied to our
appoach with whom we slare tke idea of a structured
represemtaton of the coitext, however it is nd corcise
becawe equires multiple tuges torepresen a context piece.
Indeedwe don’'t have an e@ceriric notion of contex.

Charg Xu etal. in [XuC05] propose a nodel vely similar to
our approach It corsists in a seen-field data strature that
manage the description of the cotext. The fields are:subject
predicateobject, ime, area, certaintyfresiness, with similar
meaning © W4. Beyond the field meaning, the purpose is
different: their context model is not for browsing the woid
apgication Similar consideratiors apply for the system
described in  [BraHCNOG6]: it desaibes RFID tags with the
who-whatwherewhen structure. THs appoachis relatedto
ou with whom we stare the idea of merging same
information from different saurces, e.gthe id from the tag
with location from GPS orsubject from the Webh. However
it's nat ageneral nodel, since it isapplied only to RFID tag.

B. Related Infrastructures

It is clearthata generalinfrastrictures for browsing the wold
does rot exist. Newertheless, there exist segral aplication-
specifc infrastructure and services which can shov the
importance d the problem. Same streans of works is smply
based on repeenting Web information overlaid ©
geographical maps [But06, Rou(b]. Examples include
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represertatons of avian-flu-outbreak reports
[declarbutler.info/Flumapsl/avianflu.html], celebity
sightings [www.gawker.car/stalker], real estate nformation
[www.forsalebyownercener.comgoogle-earthfeal-
estate.aspx], and videogames [www.findskullisland.com].
Locationbased services are ratural cardidates to uwse the
power of novel GIS g/stens. A suvey of novel tods  create
location-based senices is peseted in [HarK05]. The
presentedsystens combine GPSdata, Web-seach emines
and GIS tools o retrieve ard visualize sewvices ona location
basis. One sysem for exanple, cowverts GPSdata ino street
address by exploiting a stndad geo-coding service
(www.mapquest.can/featues/main.adp?age=geaode). The
addressis then used to refine a seach query sibmitted to a
Web-seach ergine. Fnaly, the esuts ae audomatically
displayed on a GIS ol. More dynamic applications combine
cadlaborative techrologies €.g., blays and wiki) to GIS tods.
MapWiki [TerK0g], for exanple, is a Wiki collaborative
ervironment where all the catterts ae located @ a nep. The
contents canbe edted amd moved acress tte mep and
accesed m a locaion basis. Sinilarly, the Saialight sdftware
(socialight.cam) allows a userto leawe virtual Post-it notes,
called sticky shadows, n specffic sites arand a city. The
application checks the user atual coardinates with the note
geospatial datalase andetrieves natching cortent.

In our opinion, al the aowve projects represents promising
starting ponts of a future in which a wide range of
information will be propely conveyed by novel GIS services.
However, most of the albve researcles are sgcial purpose
ard lack of a gerral arclitectue to manage ard integate
pervasive, Web ard GIS data. Fathernore, in ogposition at
our user-certric vision, their aim is to produce a cetralized
view d the world.

Other waks cacenedsystens chaacterized lp the preserce
of exploratory users and a surournding environment. Users
move forward the ervironment and access riformation
exploiting differen type of embedded sersors. Exanple o
this systens ae TinyLime [CuGGO05] ard all thee systenof
world browsing like the system proposd in the past by our
group [MamQZzZ06]. TinyLime is a middlewae far wireless
sensor networks that departsfromthe tradtional seting where
sensor data is cthectedby a central monitoring staton, and
erales instead multiple mobile monitoring statiorns to access
the sen®rs in their proximity ard share the collected data
through wireless links. This contex-aware seihg is
demanded by applications where te seisors are spre and
possibly isolated, and where on-site, location-dependent data
cdlection is required. An extension of the LIME middleware
for mobile ad hoc neworks, TinyLime makes sensor data
available trough a tupe space interface, providing the
illusion of shared memory between applicatons ard sersors.
At the same way ou group describes the design and
implementaton of a tuple-based disibuted memory realzed
with the we o RFID techmlogy. The key idea & that
everyday envronmerts wil be soon pervaded by RFID-
tagged objects. Byaccessing in a wireless wayhe e-writable
memory of such RFID tags ac®rding to atuple-basd access
model, it is possble to erforce mobile and pewasve
coordination and improve our interactions with the physical



world. From a certan point of view we can condder these
sysens as “World Browsing” systens. Neverthelesswe can
say that our new systemis certainly nore complete and
structured. These systemindeed basetheir functionality on
specifc techologies (in this casesrnvironmental sersors and
RFID tag), they aren't bagd on a well strictured stancard
context model and further they don't exploit information
coming from the Web (as our does). A further interesting
project is FLAME2008 [WeissVoG04]. Uses though their
PDA access taervices(relaied to the 2008 Olympics ganes
in Bijing) expesly fitted on their need: FLAME2008
elaboratesthemon the base ofacivities andsituatiors caried
out by the uer. The infrastricture is vely interesing, in
patticular for its use of ontologies ard appearsto be very
complete. Neverthdess we noticed that it's too bourd to a
specifc aplication field ard it does’t perform any
mechanism for generate andstae new knowledge (think at
our mecharism of generatng new knowledge atans from
performed queries inthe past) Our model is certainly more
user centric and location independent, besides it has been
developed to adapt itself to a generic context, and ebovedl, to
be fully functiorel in ary locaion with or without
infrastricture sypport.

VII. CONCLUSONS AND FUTURE WORKS

In the rext few years, lrowsing the wald will be as canmon
as talay is Wowsing the Web, andthe increasig number of
proposals aml applicatiors in this area definitely testfy this
trend Howewver, a number of challenging researchissues still
hawe to be facedto fully realize the \ision In this paper we
present a smple modd and infrastructure to hande some of
thesechallengs. Ou future resarchin this area will mainly
focuson two agects.Ontheone hand, wewill try to integrate
ontologies in our modd to improve its expressiveness and
flexibility. In particular, ontologies will allow more semantic
forms d patternmatching. Onthe aher hand, we will try to
go further thanthe curent flat knowledge atom represenation
and link knowledge atoms in suitable knowledge networks
adlowing abeter and nore semantic navigation of context
information
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