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…ngagingWIndividualsWinWtheWSmartW“ityW
ParadigmwWParticipatoryWSensingWandW
‘ugmentedWRealityW

LuisUSanchezhUVeronicaUGutierrezhUJoseUñjUGalachehUPabloUSotreshUJuanURjUSantanaU
bULuisUMuñozhUUniversityUofUôantabriahUSpainU

‘bstractWW
=
pmart= `ity= concept= relates= to= improving= efficiency= of= city= services= and= facilitating= a= more= sustainable=
development= of= citiesK= eoweverI= it= is= important= to= highlight= that= in= order= to= effectively= progress= towards=
such=smart=urban=environmentsI=the=people=living=in=these=cities=must=be=tightly=engaged=in=this=endeavorK=
qhis= paper= presents= two= novel= services= that= bring= the= pmart= `ity= closer= to= the= citizenK= qhe= marticipatory=
pensing =service =we =are =proposing =exploits =the =advanced =features =of =nowadays =smartphones =to =make =the =
user= part=of=the=ubiquitous= sensing=infrastructure=over=which=pmart=`ity=concept=is= builtK= qhe=Augmented=
oeality= service= is= connected= to= the= smart= city= platform= in= order= to= create= an= advanced= visualization= tool=
where= the= plethora= of= available= information= is= presented= to= citizen= embedded= on= herLhis= natural=
surroundingsK= qhese= services= have= been= developed= and= deployed= together= with= a= realJworld= smart= city=
deployment=that=will=be=also=describedK=cinallyI=a=brief=description=of=the=smart=city=platform=on=top=of=which=
these=services=are=built=will=also=be=presentedK=
=
KeywordsW
=
smart=cityX=participatory=sensingX=augmented=reality=
=
Introduction
=
pmart= cities= exploit= synergies= between= the=
ubiquitous= sensing= technology= and= their= social=
components =to =enhance =the =quality =of =life =of =
citizensI= while= improving= the= efficiency= of= the= city=
servicesK= fn= this= senseI= the= pmart= `ity= concept=
Epchaffers =et =alKI =OMNNaX =kam =C =mardoI =OMNNF =has =
been= typically= associated= to= an= ecoJsystem= where=
technology= is= embedded= everywhere= so= that= the=
different= city= services= EeKgK= trafficI= waterI= sewageI=
energyI= commerceI= etcKF= are= highly= improved= by=
exploiting= the= interconnected= information= and=
actuation=capabilities=that=this=technology=providesK=

=
eoweverI= sometimes= this= advanced= technological=
environment= leads= to= disregard= the= fact= that= the=
ultimate=aim=of=the=pmart=`ity=concept=must=be=the=
citizens=living=in=urban=areas=focusing=too=much=on=
the=technology=and=missing=the=engagement=of=the=
society= with= this= paradigmK= pmart= cities= are= not=
simply =those =that =deploy =f`qK =qhey =combine =new =
technology=with=smart=new=ways=of=thinking=about=
technologies’= role= in= organizationI= design= and=
planningK= As= smart= city= initiatives= are= plannedI=
ways =that =technology =can =create =new =urban =user =
experiences=must=be=envisionedK=qhinking=about=the=
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pmart= `ity= as= a= holistic= system= and= considering=
ways= that= new= systems= can= result= in= positive=
behavioral=change=needs=from=citizens’=engagement=
from= the= very= first= moment= of= the= city= smartening=
transitionK=
=
qhis= paper= presents=an= architecture= thatI= following=
fnternet =of =qhings =EfoqF =precepts =EAtzoriI =feraI =C =
jorabitoI= OMNMX= sermesan= et= alKI= OMNNFI= enables=
the= creation= of= a= ubiquitous= sensing= infrastructure=
within =the =scope =of =a =pmart =`ity =aiming =at =
improving= city= services= efficiencyK= qhis= architecture=
does=not=only=tackle=the=main=challenges=pertaining=
to= the= infrastructure= management= and= data=
handling=but=also=defines=the=necessary=middleware=
that=enables=seamless=access=to=such=infrastructure=
for= the= development= of= valueJadded= servicesK= qhis=
latter= aspect= is= what= mainly= motivates= this= article=
as =two =novel =services =have =been =developed =on =top =
of =an =urban =deployment =Ein =the =city =of =pantanderI =
ppainF= of= a= largeJscale= foq= infrastructure= which=
supports= the= provision= of= impactJgenerating= smart=
city= services= directly= perceivable= by= all= the= pmart=
`ity=stakeholders=Edalache=et=alKI=OMNOFK=
=
Augmented= reality= EAoF= systems= have= recently=
emerged= as= a= powerful= visualization= tool= which=
augments= real= world= elements= with= digital=
informationK= qhe= proliferation= of= powerful=
smartphones= has= accelerated= the= adoption= of= Ao=
also=in=mobile=environmentsK=AdditionallyI=the=wide=
deployment= of= tireless= pensors= ketworks= EtpksF=
will= give= the= possibility= to= integrate= Ao= systems=
with= sensor= data= and= create= sophisticated=
visualization= systemsK= joreoverI= a= particularly=
important=aspect=from=the= Ao= is= its=ability= to= make=
the =user =to =feel =naturally =surrounded =by =the =
technology=thus=providing=a=perfect=ecoJsystem=for=
the=user=to=engage=with=the=pmart=`ity=conceptK=fn=
this= paper= the= Augmented= oeality= service= that= has=
been= developed= for= bringing= the= information=
generated= on= the= aforementioned= pmart= `ity=
infrastructure=will=be=describedK=fn=this=senseI=main=
insights=of=the=service=architecture=as=well=as=details=
of=the=developed=mobile=App=will=be=givenK=
=
jobile =phones =have =evolved =from =devices =that =are =
Åust= used= for= voice= and= text= communication= to=
platforms =that =are =able =to =capture =and =transmit =a =
range =of =data =types =EimageI =audioI =and =locationFK =
qhe=adoption=of= these=increasingly=capable=devices=
by= society= has= enabled= a= potentially= pervasive=
sensing= paradigmK= A= coordinated= participatory=

sensing=system=engages=individuals=carrying=mobile=
phones= to= explore= phenomena= and= events= of=
interest=using= in= situ= data=collection=and=reportingK=
qhe= marticipatory= pensing= service= that= will= be=
described= in= this= paper= exploits= the= ubiquitous=
sensing= enabling= infrastructure= developedK= rsers=
can =subscribe =to =services =such =as =“the =pace =of =the =
city”I=where=they=can=get=alerts=for=specific=types=of=
events=currently=occurring=in=the=cityK= cinallyI= users=
can= themselves= also= report= the= occurrence= of= such=
eventsI= which= will= subsequently= be= propagated= to=
other= users= that= are= subscribed= to= the= respective=
type=of=eventsI=etcK=
=
qhe =paper =is =structured =as =followsK =pection =O =
presents= a= thorough= description= of= the= smart= city=
foq= infrastructure= deployed= in= pantanderK= qhis=
infrastructure= is= the= baseline= on= top= of= which=
different= smart= city= services= are= being= providedI=
specifically=the=two=services=described=in=this= paper=
are= supported= by= itK= fn= pection= P= the= architecture=
and= platform= on= top= of= which= these= services= have=
been= developed= will= be= briefly= sketchedK= marticular=
emphasis=will=be=put=on=the=part=of=the=architecture=
which= deals= with= the= service= development=
frameworkK=fn=pection=Q=the=pmart=`ity=Augmented=
oeality= service= that= has= been= implemented= will= be=
described=in=detailK=qhe=service=architecture=as=well=
as= the= implementation= insights= will= be= thoroughly=
presentedK= qhe= pmart= `ity= marticipatory= pensing=
service=will=be=described=in=pection=RK=As=previously=
mentionedI= this= service= engages= citizens= on=
reporting=events=which=are=treated=as=rich=pieces=of=
sensed= informationK= cinallyI= conclusions= will= be=
derived=in=pection=SK==
=
SantanderWSmartW“ityWIoTW
InfrastructureW
=
qhe=obÅectives=of=the=foq=infrastructure=deployed=in=
pantander =are =twoJfold =as =well =as =concurrentK =As =a =
testbedI= it= enables= experimental= assessment= of=
cuttingJedge= scientific= researchK= eoweverI= this=
testbed=goes=beyond=the=experimental=validation=of=
novel= foq= technologiesK= ft= also= aims= at= supporting=
the=assessment=of=the=socioJeconomical=acceptance=
of= new= foq= solutions= and= the= quantification= of=
service=usability=and=performance=with=end=users=in=
the= loopK= cor= instanceI= it= simultaneously= supports=
the= trial= and= subsequent= provisioning= of= smart=city=
servicesK= qo= attract= the= widest= interest= and=
demonstrate=the=usefulness=of=the=pmartpantander=
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platformI =the =deployment =of =the =foq =
experimentation= infrastructure= has= been=
undertaken= to= realise= the= most= interesting= and=
impactJgeneration=use=cases=Epanchez=et=alKI=OMNPFK=
fn= this= respectI= application= areas= have= been=
selected=based=on=their=high=potential=impact=on=the=
citizensI= thus= enabling= the= execution= of= extensive=
experiments= to= obtain= insights= into= the= uptake= of=
foqJbased=services=deployed= in=a= live=environmentK=
Also= taken= into= consideration= in= the= selection= of=
application= use= cases= are= the= diversityI= dynamics=
and=scale=of=the=foq=environmentK=All=these=aspects=
increase= the= potential= of= the= testbed= for= the=
evaluation=of=advanced=protocol=solutionsK=
=
qhe= foq= experimentation= facility= deployed= in=
pantander= has= been= settled= on= a= cyclic= approach=
with=the=three=planned=phases=already=undertakenK=

qhe=obÅective=of=the=first=cycle=of=deployment=was=to=
create=a=meshed=tpk=on=fixed=locations=that=would=
serve=as=a=testing=environment=for=the=experimental=
validation= of= advanced= tpkJrelated= mechanismsK=
qhe =deployment =also =influenced =by =the =city =of =
pantander= smartJcity= service= requirements= and=
strategyI =focused =on =three =geographical =areas =of =
significance= to= the= smartJcity= servicesK= qo= achieve=
the= maximum= possible= impact= to= the= citizensI= the=
deployment= process= intentionally= accomplishes= a=
concentration =of =foq =devices =in =the =city =center =Ea =N =
hmO =areaFK =qhis =area =has =the =highest =foq =node =
density= in= pantander= and= frequent= usage= provides=
insights= into= the= acceptance= of= foqJbased= services=
running=in=live=environmentsK=

cigure NK=pantander=city=center=development=excerpt=view=
=
cigure =N =shows =an =excerpt =view =of =the =pantander =
city= center= deploymentK= qhe= different= icons=
represent= the= deployed= nodes= EiKeK= `arbon=
jonoxide= –= `l= –I= light= intensityI= noiseI=
temperatureI= and= car= presence= detection= sensorsFK=
qhe= deployment= includes= clusters= of= wireless=
sensors= and= gateway= devices= acting= as= cluster=
headsK=
=
lnce= the= areas= for= the= deployment= were= decidedI=
the =next =step =in =the =deployment =process =was =to =
specify =where =to =physically =install =the =devicesK =fn =
this= senseI= the= key= factor= influencing= the= decision=
was =ensuring =a =viable =power =supply =to =all =the =
devicesK= AlthoughI= tpks= are= typically= considered=

autonomous =in =terms =of =power =needsI =this =
assumption= does= not= reconcile= with= the= envisaged=
highJfrequency= multiJuser= usage= model= of= our=
platformK=bnergy=autonomy=is=achieved=through=the=
use=of=longJlasting=batteries=and=most=importantlyI=
energy= efficient= mechanismsK= eoweverI= testbed=
experimentation= requires= frequent= nodeJsoftware=
updatesI=which=impose=a=stiffer=power=consumption=
penalty =on =foq =nodes =than =can =be =realistically =met =
by=batteries=aloneK=
=
A= hybrid= solution= to= foq= node= power= requirements=
was= adopted= to= minimize= the= infrastructure’s=
energy= consumption= signature= on= the= power= gridI=
but= ensure= the= survivability= of= its= experimentation=
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nodesK =qo =fulfil =the =need =for =proximity =to =a =power =
sourceI= sensor= devices= were= attached= to= public=
lampposts=Eas=illustrated=by=the=picture=in=cigure=OFK=
qhe =sensor =devices =are =also =endowed =with =
rechargeable=batteries=and=a=charging=circuitK=qhusI=
daylight= operation= of= the= nodes= Elampposts= turned=
offF =draws =power =from =the =batteries =which =are =
charged=at=night=when=the=lampposts=are=turned=onK=
kightly =operation =of =the =nodes =relies =on =the =power =
from=the=lamppostK=qhis=solution=guarantees=power=
supply= even= under= energyJhungry= experimentation=
scenariosK= `orresponding= electrical= adaptation= and=
protections= EtransformerI= fuse= and= differential=
protectionF= were= added= in= order= to= obey= municipal=
regulationK=
=
Although= this= solution= was= feasible= for= sensor=
nodes= supporting= the= environmental= monitoring=
serviceI= proximity= to=permanent=power= supplies= for=
parking= sensor= nodes= is= impossible= due= their=
deployment=location=Eburied=under=the=asphaltI=see=
cigure= OFK= qhusI= due= to= their= exclusive= reliance= of=
batteriesI= power= consumption= on= these= nodes= is=
kept= minimal= using= energy= efficient= mechanisms=
similar=to=those=presented=in=commercial=products==
EhttpWLLwwwKnedapaviKcomLproductsLsensitLsensitK
htmlI= httpWLLwwwKtstJ
sistemasKesLenLsolutionsLparkingLI=
httpWLLwwwKstreetlineKcomLparksightLFK= qhis=
guarantees= a= device= lifetime= of= over= P= yearsK=
bxperimentation=over=these=nodes=is=restricted=only=
to=accessing=carJpresence=detection=informationK=
=
dateway= devices= have= other= deployment=
peculiarities= in= that= they= require= a= constant= power=
supply= and= connectivity= to= the= fnternetK= qhe=
solution= was= to= install= most= of= these= devices= at=
municipality =premises =located =along =the =area =to =be =
coveredK= qhese= premises= are= connected= through= a=
fiberJoptic= ring= which= allows= dts= to= be= connected=
to= a= highJcapacity= backbone= networkK= there= no=
such= municipality= premises= were= availableI= access=
to= the= fnternet= is= achieved= through= tAk=
connectivity=via=a=Pd=telecoms=network=interfaceK=
=
qhe=first=cycle=of=foq=deployment=yielded=TQM=points=
of =presence =in =the =cityK =bach =point =of =presence =is =

equipped =with =several =sensors =making =a =total =of =
more= than= RM= noise= sensorsI= SMM= temperature=
sensorsI= RMM= light= intensity= sensors= and= PM= `l=
sensorsK=AdditionallyI=PVM=nodes=with=car=presence=
detection= modules= have= been= installed= in= parking=
bays= and= OP= dts= have= been= installed= to= ensure=
connectivity= between= the= foq= node= tier= and= the=
server=tierK==
=
fn= the= second= cycleI= three= additional= fixedJnode=
clusters =totaling =approximately =RM =foq =nodes =were =
added=to=the= infrastructureK=qhese=clusters=support=
the= smart= irrigation= use= case= and= offer= sensing=
capabilities= via= QR= temperature= and= relative=
humidity= sensorsI= OR= soil= moisture= and= soil=
temperature=sensorsI=Q=weather=stations=with=solar=
radiationI= atmospheric= pressureI= anemometer= and=
rainfall=sensorsI=and=O=water=flow=sensorsK=
=
qhe=second=cycle=also=improved=node=heterogeneity=
with= the= deployment=of= NRM= mobile= devices= on=top=
of= public= transport= busesI= municipality= fleet=
vehicles= and= taxisK= qhese= nodes= provide= useful=
mobility= patterns= for= experimentation= as= well= as=
support= environmental= monitoring= serviceK= qhese=
devices= are=equipped=with=sensors= for=detecting=air=
pollutants= such= as= kitrogen= aioxide= EklOFI= `lI=
lzone =ElPF =as =well =as =detection =of =particles =in =
suspensionI= temperature= and= air= humidityK= jost=
importantlyI= they= are= also= equipped= with= dmp= so=
that= all= their= observations= come= geoJlocalized= and=
they= also= report= speed= and= course= of= the= vehicleK=
_esides= the= enhanced= experimentation=
possibilitiesI= we= envisage= these= nodes= to= serve=
multiple= application= domains= such= as= smart= public=
transportation= management= and= traffic= conditions=
assessmentK==
=
curtherI= to= support= experimentation= based= on=
alternative= technologies= and= facets= of= the= foq=
paradigmI =OIMMM =nuick =oesponse =EnoF =and =kear =
cield=`ommunication=Ekc`F=tags=EcfK=cigure=OF=have=
been= deployed= over= the= city= Eat= touristic= moints= of=
fnterest= EmlfFI= bus= stops= and= municipality’s=
premisesFK=qhese=collectively=support=the=operation=
of= the= augmented= reality= smartJcity= serviceK

=
=
=
=
=
=

=
=
=
=
=
=
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cigure OW= aetails= of= sensor= nodes= installed= in=
pantander=
=
cinallyI= citizens’= smartphones= are= also= part= of= the=
testbedK= A= marticipatory= pensing= mobile= app= has=
been=developed=within=the=pmartpantander=proÅect=
to= enable= these= devices= to= send= sensed= physical=
measurements= as= well= as= mobile= phone= users’=
observations=EtextI=images=and=videoFK=
=
iast= but= not= leastI= during= the= third= and= last= cycle=
deployment= was= dedicated= to= extend= two= of= the=
already= existing= deploymentsK= fn= this= senseI=
although= the= deployment= of= mobile= sensors= of= the=
previous= phases= was= very= representative= as= it=
covered= the= maÅority= of= the= city= with= special=
emphasis=at=the=pantander=city=centerI=for=this=third=
phase= it=were=necessary=and=appropriate=to= extend=
the= bnvironmental= jonitoring= service= to= other=
areas= beyond= pantander= areaK= eenceI= the= nodes=
were= deployed= on= public= buses= covering= lines= that=
interconnect= main= cities= in= `antabria= with=
pantanderK= AdditionallyI= another= PPM= car= presence=
detection= modules= have= been= deployed= at= parking=
lots= on= the= city= center= streetsK= fnterestinglyI= PM= of=
these= nodes= support= authentication= of= the= parked=
vehicle =so =they =have =been =used =for =controlling =
restricted=access=lots=such=as=handicappedJreserved=
areasK=
=
SmartW“ityWPlatformW
=
qhis= sectionI= firstI= elaborates= on= the= requirements=
for= providing= a= rich= foq= based= smart= city=
environment= and= addressing= many= open= research=
challenges =in =the =area =of =foq =platformsK =_ased =on =
these= requirementsI= it= provides= an= overview= of= the=
architecture= of= the= pmartpantander= smart= city=
platform= with= particular= attention= to= the= platform=

subsystem= addressing= the= service= provision=
aspectsK=
=
”esignWconsiderationsW
=
eeterogeneityW= cuture= fnternets= of= qhings= will=
consist=of=a=wide= variety=of=devices= integrated=with=
other=cuture=fnternet=EcfF=infrastructure=and=service=
provisioning=platformsK=cor=reasons=of=applicabilityI=
it=is= expected=that=the= development=and=evaluation=
of= protocols= and= other= foq= technologies= be=
undertaken= under= conditions= that= is= representative=
of= the= degree= of= heterogeneity= inherent= in= the=
fnternet= of= qhingsK= fn= this= respectI= the=
pmartpantander= provides= a= multiJtier= architecture=
that=encompasses=the=most=relevant=device=tiers=of=
foq= systemsK= qhe= foq= device= tierI= in= particularI=
offers= a= diverse= set= of= heterogeneous= foq= nodes=
EsensorsI =actuatorsI =no =and =kc` =tags =and =mobileJ
phoneJbased= sensingJplatformsF= connected= via=
different= network= technologiesI= with= different=
mobility= Efixed= or= mobileFI= and= with= different=
sensingLactuation=modalitiesK=
=
jobilityW =qhe =foq =is =composed =of =fixed =and =mobile =
devices= which= can= also= interact= with= each= other= in=
real=life=scenariosK=thile=some=indoor=testbeds=offer=
robotJcontrolled= mobilityI= it= is= often= difficult= to=
reproduce =real =life =mobility =patterns =in =such =
testbedsK= pmartpantander= therefore= provides=
support=for= realistic= mobility=by=deploying=a=part=of=
the= infrastructure= on= moving= real= world= entitiesI=
such= as= busesI= public= service= vehicles= or= taxisK=
curthermore= the= mobility= of= users= is=
opportunistically= leveraged= by= allowing= the=
smartphone= of= a= citizen= to= report= information=
captured =in =a =participatory =manner =E_urke =et =alKI =
OMMVFK==
=
rser =support =and =end =user =involvementW =qhe =
deployment= of= an= foq= facility= in= the= heart= of= a= city=
and= the= considerable= costs= involved= motivate= the=
exploitation=of=the=facility= for=the=development=and=
evaluation =of =foq =enabled =pmart =`ity =services =and =
applications= targeting= developers= of= commercial=
pmart= `ity= services= and= applicationsK= qhe=
involvement= of= concrete= end= users= adds= another=
dimension= to= the= evaluation= capabilities= of= the=
platform =by =allowing =not =only =the =assessment =of =
technical =performance =of =foq =solutionsI =but =also =
their=user=adoption=and=social=impactK==
=
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oeliabilityW= eaving= in= mind= the= purpose= of= the=
infrastructureI= in=particular=that=it=is= intended=to=be=
used= for= service= provisionI= reliability= of= the=
complete= system= represents= an= important=
requirement= to= ensure= smooth= and= uninterrupted=
operationK=
=
HighWlevelWarchitectureW
=
qhis= section= presents= the= architecture= that= forms=
the=basis=for=the=deployment=of=services=on=top=of=a=
pmart= `ity= foq= platformK= fn= this= senseI= it= certainly=
exceeds= the= requirements= imposed= by= the= two=
pmart=`ity=services=to=be=presented=in=the=following=
sectionsK=eoweverI=for=the=sake=of=completenessI= it=
is= important= to= make= a= brief= sketch= of= the= main=
architecture= blocks= for= allowing= a= better=
understanding= of= the= services’= architectureI= design=
and=implementationK=
=
qhe=proposed=pmart=`ity=foq=platform=is=realized=by=
a= three= tiered= network= node= architectureI= which=
consists= of= an= foq= device= tierI= a= gateway= EdtF= tier=
and=server=tierK=

qhe= foq= node= tier= provides= the= necessary= sensing=
substrate= consisting= of= foq= devicesK= qhese= devices=
are= extremely= heterogeneousI= from= diverse= mote=
platforms= Etypically= resourceJconstrained= in= terms=
of =powerI =memory =and =energy =availabilityFI =ocfa =
readers =and =tags =as =well =as =more =powerful =
platforms= such= as= mobile= phones= with= short= range=
communication=capabilitiesK=
=
qhe =gateway =node =tier =links =the =foq =devices =at =the =
edges =of =the =network =to =a =core =network =
infrastructureK= qhe= dt= tier= devices= are= typically=
more=powerful=than=foq=nodes=but=at=the=same=can=
still=be=based=on=embedded=device=architecturesK=
=
qhe= server= tier= provides= more= powerful= server=
devicesI= with= high= availabilityI= which= are= directly=
connected= to= the= core= network= infrastructureK= qhe=
servers =can =be =used =to =host =foq =data =repositories =
and= application= servers= that= can= be= configured= to=
realize =a =variety =of =different =foq =services =and =
applicationsK=
=

cigure PK=pmart=`ity=foq=platform=
=
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cigure= P= provides= an= overview= of= the= software=
architectureI=showing=the=different=subsystems=and=
service= functions= of= the= testbed= observation= and=
management=planeK=qhe=architecture=distinguished=
between= three= subsystemsW= NF= AuthenticationI=
Authorization= and= Accounting= EAAAF= OF= qestbed=
janagement=and=PF=Application=pupportK=
=
qhe =AAA =subsystem =is =common =for =all =user =groups =
and= controls= the= access= to= the= testbed= functionsK= =
fts =services =are =exposed =via =the =Access =`ontrol =
fnterface= EA`fFK= aepending= on= user= privileges= the=
other=subsystem=functions=can=be=invokedK=
=
qhe= management= support= interface= EjpfF= exposes=
the= service= functions= of= the= management=
subsystem= and= is= typically= used= by= the= system=
administratorsK=ft=provides=access=to=functions=such=
as =user =accountsI =testbed =resource =discovery =and =
configuration= as= well= monitoring= and= fault=
managementK==
=
qhe =application =support =interface =EApfF =offers =a =
wide=range=of=data=management=functions=that=can=
operate=on=information=retrieved=from=the=deployed=
sensors= of= the= foq= node= tier= including= citizen=
provided=information=through=participatory=sensing=
on=mobile=phonesK=
=
qhe= Application= pupport= pystem= EAppF= is= intended=
to=provide=the=functionalities= that=can=facilitate=the=
development=of=services= either=for= experimentation=
or=final=service=provisioningK=
=
cirst= of= allI= through= the= foq= janagement=
component= blocksI= users= are= notified= when= either=
changes= to= the= resource= descriptions= occurs= or=
when=resources= matching=certain=criteria=appear= or=
disappearK= qhis= componentI= at= the= server= tierI= will=
be=receiving=notifications=from=dt=nodesI=and=also=
checking =the =oesource =a_ =in =order =to =keep =track =of =
infrastructure=dynamicityK=At=the=dt=nodes=and=foq=
nodesI= it= is= expected= that= the= oesource=
janagement=modules= update=the=descriptions= and=
register=resources=respectively=when=neededK=
=
qhe= aata= mublishLpubscribeLkotify= components=
will= provide= the= mechanism= for= applications= based=
on=the=observations=and=measurements=provided=by=
the =resources =to =get =such =observations =as =soon =as =
they=comeK=qhe=way=of=working=is=the=followingW=
=

NK qhe= application= will= subscribe= to= the= aata=
mubLpubLkot= component= provided= by= the=
testbed= server= expressing= filter= criteriaK= qhis=
filter=can=contain=simple= or=complex=conditions=
involving= several= resources= and= current= or=
historical=measurementsK=

OK qhe=resources=in=the=foq=nodes=or=foq=dateways=
will= generate= the= information= that= will= be=
stored=in=the=lCj=a_=and=also=sent=to=the=aata=
mubLpubLkot=moduleK=

PK bvery= time= an= observation= is= providedI= it= is=
checked=against=the=filter=criteria=and=if=required=
a= notification= is= sent= to= the= subscribed=
applicationsK=

=
qhe =lCj =iookup =allows =application =to =ask =for =
information=stored=in=the=lCj=a_K=qhis=might=refer=
to =the =current =value =of =an =observation =or =to =
historical=dataK=
=
cinallyI= the= oesource= iookup= function= enables=
applications= to= search= for= resources= stored= in= the=
oesource =a_K =qhis =allows =users =to =find =resources =
matching= certain= criteria= like= locationI= type= of=
information=providedI=available=functionsI=foq=node=
hardware=and=software=capabilitiesI=etcK=
=
Santander’sW‘ugmentedWRealityW
ServiceWW
=
fn=pantanderI=as=in=many=other=citiesI=there=is=a=glut=
of= information= that= may= be= of= interest= for= citizens=
and= tourists= butI= which= may= not= be= readily=
accessibleK= qhe= reason= for= this= include= the=
heterogeneous =mix =of =data =sources =producing =data =
in =different =formats =and =the =lack =of =a =uniform =data =
access= specificationLlayer= that= would= make= data=
access= easierK= fnformation= about= transportI=
shoppingI= leisure= activitiesI= cultural= agenda= and= so=
on= is= available= in= many= different= sites= and= is=
unknown =to =end =usersK =qo =unify =all =these =data =
sources= and= present= them= in= a= contextJsensitiveI=
locationJaware= manner= to= end= usersI= the=
pmartpantanderoA=app=was=developedK=
=
tith =an =Ao =application =users =can =define =their =own =
preferences= ElanguageI= touristic= places= to= visitI=
monumentsI= etcKF= and= have= an= interactive= contextJ
sensitive= experience= visiting= the= city= rather= than=
using=traditional=standalone=applicationsK=qhe=video=
stream =produced =by =the =smartphone =camera =is =
presented= to= the= user=of=the= Ao=mobile= application=
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which =augments =the =live =feed =of =the =camera =with =
virtual=obÅects=Emainly=digital=contentI=videoI=textsI=
and =photosF =of =the =mlfI =based =on =the =current =
position= of= the= device= thereby= creating= an=
augmented=view=of=the=realityK=
=
cor=each=mlfI=the=app=provides=a=description=of=the=
place=or= reference=image=to=be=used=in=the=Ao=view=
and =the =type =of =content =to =be =superimposedK =qhe =
content=itself=EPa=modelI=imageI=videosI=audioI=etcKF=
is=stored=in=the=Ao=perverK=joreoverI=this=server=is=in=
charged= off= getting= all= the= realJtime= data= from= the=
pantander= city= `ouncil= legacy= pystem= Etransport=
pervicesI= city= agendaI= etcKFK= mreJrecorded=
multimedia= content= and= a= jultilanguage= portal=
accessible =from =any =terminal =could =be =created =to =
categorize=the=contents=and=make=it=easy=the=access=
to=themK=
=
As= an= illustration= of= the= type= of= service= the=
Augmented= oeality= application= supportsI= the=
service= provides= a= touristic= experience= through= its=
“stroll= in= the= city”= modeK= tith= the= application= in=
this= modeI= the= tourist= will= receive= information= on=
specific =monuments =in =his =preferred =language =as =
heLshe= strolls= around= the= cityK= qhisI= in= generalI=
enhances=the=serendipity=effect=of=the=tourist=visitK==
=
curthermoreI =placing =kc` =tags =on =certain =shops =in =
the= city= provides= new= opportunities= for= shops= to=
build= or= strengthen= customer= relationshipsK= qhe=
shops= can= explore= the= relationship= between=
physical= presence= and= the= webK= qhe= users= can= get=
specific= information= about= the= shopI= for= instanceI=
opening= hoursI=contactI=special= offersI= accessibility=
in=the=shopI=etcK==
=
crom=the=`ity=`ouncil=perspectiveI=the=placement=of=
kc`= tags= in= strategic= places= in= urban= facilities= will=
provide= locationJsensitive= information= to= the=
citizensK=Also=the=use=of=locationJaware=applications=
using= Augmented= oeality= technology= allows= the=
municipality= to= provide= better= touristic= services= to=
visitorsK= cor= the= municipalityI= observations= sent= to=
the= smart=city= platform=by= the= Ao= applications= will=
allow=the=collection=of=information=about=how=many=
people= visit= the= different= mlfI= or= at= least= is= in= the=
nearby= areasI= origin= from= that= peopleI= seasonalityI=
etcK= _ased= on= this= informationI= they= can= improve=
the= touristic= offer= of= the= cityI= adapting= the= cultural=
events=and=activities=during=each=seasonK==
=

qhe= pmartpantander= platform= offers= to= the=
augmented= reality= scenario= the= possibility= of=
generating= observations= with= relevant= data= to=
generate=new=servicesK=qhese=observations=includeW=
=
· mosition= informationW= based= on= smartphone=

sensors =such =as =dmpI =digital =compass =and =
accelerometer=Elocation=based=trackingF=or=tags=
reading= or= with= a= combination= of= the= two=
techniquesK= fn= this= senseI= the= Ao= application=
will=support=both=no=codes=as=well=as=kc`=tagsK=

· rsers =mreferencesW =the =languageI =the =kind =of =
mlf=searched=the=individuals=mlf=visitedK=

· aevicesW=device=capabilities=and=lpK=
=

cigure= Q= shows= the= functionalities= or= services= the=
user=can=interact=withK=

cigure QK= Augmented =oeality =– =`itizen =rse =`ase =
diagram=
=
qo= realize= this= use= caseI= two= software=components=
were= developedW= a= mobile= application=
EpmartpantanderoAF= for= the= users= and= a= server=
component= EAugmented= oeality= perverI= Ao= perver=
in=shortF= which= runs= the= service= business= logic= and=
bridges= the= application= with= the= pmartpantander=
platformK==
=
qhe =Ao =perver =is =responsible =for =collecting =all =the =
information= needed= from= other= external=
organizations= servers= that=collaborate= with=the=city=
councilK= cor= this=purposeI= it=stores= a=database=with=
all =the =mlf’s =static =dataK =joreoverI =this =server =



 

fnterdisciplinary=ptudies=gournal=J=sol=PI=kumber=QI=OMNQ=©=iaurea=rniversity=of=Applied=pciences== NPT

accesses= the= legacy= system= Eservices= previously=
developed=by=the=pantander=`ity=`ouncilF=to=get=the=
real= time= data= from= the= public= transport= servicesI=
city =agendaI =city =newsI =traffic =webcamsI =etcK =qhe =
communication= between= the= Augmented= oeality=
perver=and=the=iegacy=pystem=is=based=on=uji=teb=
pervices =Eusing =plAm =as =transportF =and =uji =for =
parsing=dataK=
=
qhe=pmartpantanderoA=application==
EhttpsWLLplayKgoogleKcomLstoreLappsLdetails?idZesK
unicanKtlmatKsmartsantanderraI=
httpWLLitunesKappleKcomLusLappLsmartsantanderra

LidRQNUVMQMO?lZesCmtZUF= provides= information=
on= all= areas= of= interest= in= the= cityK= qhe= data= is=
structured=in=two=groupsW==
=
· Augmented= oeality= dataW= qhe= data= showed= is=

based=on=the=current=position=of=the=deviceK=qhe=
app =gets =the =data =of =a =configurable =number =of =
mlfs=closer=to=the=current=positionK=

· `ity =deneral =dataW =qhe =data =showed =is =
independent=of=the=position=of=the=deviceK=

=
cigure =R =shows =some =screenshots =from =the =
applicationK

cigure RK=pmartpantaderoA=application=screenshots=
=
qhe= application= currently= offer= information= on= five=
different= topicsI= namely= tourismI= shopsI= cultural=
agendaI=transportation=and=museumsI=numbered=O=
to =S =in =cigure =RK =Additionally =pantander’s =general =
information= Eindependent= from= user= locationF= is=
also =accessibleK =eere =the =user =can =find =info =about =
the= city= newsI= beaches= info= Ewith= realJtime=
webcamsFI =parks =and =gardens =infoI =weather =info =
Edata= from= ppanish= weather= agencyFI= traffic=
webcamsI =tourist =offices =infoI =museums =and =
exhibition= infoI= libraries= infoI= number= of= interest=
info=and=sport=facilities=infoK=
=
fnformation= related= to= the= aforementioned= five=
topics =is =shown =to =the =user =on =a =location =aware =
mannerK=fnformation=can=be=overlaid=over=the=image=
captured= by= user’s= smartphone= camera= or=
presented =over =a =doogle =japs =viewK =qhe =
application= presents= on= one= of= these= formats= the=
mlf=which=are=closer=to=the=userK=_esides=displaying=
informationI= it= is= also= possible= to= request= from= the=

application=to= inform=the= user= on=the= best= route= to=
reach=themK=
=
Santander’sWParticipatoryWSensingW
ServiceW
=
marticipatory=pensing=service=aims=at=exploiting=the=
use =of =citizens’ =smartphones =to =make =people =to =
become=active= in= contribution= and= generation= data=
for= the= pmartpantander= mlatformK= `itizensI=
pantander=`ity=`ouncil=and=the=local=newspaper=“bl=
aiario= jontañes”= are= connected= into= a= common=
platform =where =they =can =reportI =share =and =be =
notified=of=events= happening= in= the=cityK= rsers=also=
utilize=their=mobile=phones=to=send=physical=sensing=
informationI= eKgK= dmp= coordinatesI= compassI=
environmental= data= such= as= noiseI= temperatureI=
etcKI= feeding= this= information= into= the= same=
platformK==
=
qhe=mace=of=the=`ity=application=is=the=tool=provided=
to=citizens=in=order=to=generate=the=mace=of=the=`ityK=
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Available=for=both=Android=and=ilp=platforms=since=
kovember =OMNOI =it =has =reached =more =than =PRMM =
downloadsK= qhe= application= allows= the= citizens= to=
report =the =occurrence =of =eventsI =which =will =
subsequently= be= propagated= to= the=
pmartpantander =platform =and =shared =with =the =rest =
of =the =mace =of =the =`ity =applications =usersK =
curthermoreI= users= with= smart= phones= can= receive=
the= notifications= on= the= occurred= events= via= a=
smartphone=applicationI=by=subscribing=to=the=mace=
of=the=`ity=serviceK=fn=this=senseI=all=users=interested=
in= receiving= the= notifications= have= to= register= with=
the=serviceI=thereby=their=personal=profile=Eincluding=
eKgK= the= preferred= languageF= and= selecting= the=
information= on= which= they= are= interestedK= A= web=
interface =has =been =also =arranged =to =make =this =
subscriptionK=
=
Apart= from= the= mace= of= the= `ity= applicationI= a= web=
interface= has= been=created= both= for= pantander=`ity=
`ouncil=and=iocal=newspaper=bl=aiario=jontañes=in=
order =to =allow =them =to =report =their =own =geoJ
positioned=eventsK==
=
mace= of= the= `ity= pervice= is= linked= to= their= `itizens’=
fnbox= service= at= pantander= `ity= `ouncilI= reporting=
those =events =that =need =to =be =solved =by =the =
municipalityK= lnce= they= receive= an= eventI= they=
analyze=and=assign=it=to=the=corresponding=teamK=fn=
some=casesI=depending=on=the=event=typeI= some=of=
them= are= automatically= assigned= Ethe= most=
common=onesFK==
=
As =an =exampleI =a =user =is =walking =in =the =city =center =
and =finds =a =hole =in =the =pavementX =he =can =take =a =
pictureI=write=a=text=and=finally=share=this= incidence=
with= the= other= users= of= the= applicationK= qhe=
pantander=`ity= `ouncil=will=therefore=be=notified=of=
the=occurrence=of=the=event=and=proceed=accordingly=
by =sending =an =employee =to =the =location =in =order =to =
fix =this =problemK =Another =example =can =be =that =a =
user=reports=on=a=road=accidentI=all =the=other=users=
EdriversF =that =are =subscribed =to =this =type =of =event =
will=get=notified=and=try=to=avoid=this=areaK=_y=being=
also=connected=to=the=marticipatory=pensing=serviceI=
the =local =newspaper =“bl =aiario =jontañes” =also =
enriches= this= body= of= knowledge= by= sharing= the=
daily =news =information =with =all =the =other =users =of =
the= serviceI= qhe= newspaper= has= created= an= online=
information= channel= called= “blmulsodela`iudad”I=
which=provides=an=interface=to=the=citizens=to=access=
the= marticipatory= pensing= events= as= well= as= public=
transport= informationI= cultural=agenda=and=sensors=

values= retrieved= from= the= pmartpantander= foq=
infrastructure=from=the=same=websiteK=
=
cigure= S= shows= the= functionalities= or= services= the=
user=can=interact=withK=

cigure SK= marticipatory= pensing= –= `itizen= rse= `ase=
diagram=
=
cor= this= scenario= three= software= components= were=
developedW= NF= a= mobile= client= application= for= the=
usersX= OF= a= server= that= runs= the= service= business=
logic= and= bridges= the= application= with= the=
pmartpantander =platform =which =we =call =mace =lf =
qhe =`ity =perverX =and =PF =a =server =component =that =
allows=the=mobile=devices=to=register=themselves=to=
the=pmartpantander=platform=called=mpens=perverK=
=
qhe=mulsodela`iudad=App==
EhttpsWLLplayKgoogleKcomLstoreLappsLdetails?idZco
mKeuKsmartsantanderKparticipatorysensingChlZenI=
httpsWLLitunesKappleKcomLesLappLpulsodelaciudadL
idRTMQOOSMR?mtZUF=enables=the=citizens=toW=
=
· Access=to=eistorical=information=in=a=map=or=in=a=

list= Ephysical= sensing= information= and= previous=
eventsFX=

· pubscribeLrnsubscribe= to= specific= types= of=
events=occurring=in=the=cityX=

· detting= kotified= of= the= occurrence= of= an= event=
of=a=type=the=users=are=subscribed=toX=

· pearch= for= bvents= filtering= by= dateI= type= or=
locationX=

· mublish=bventsX==
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cigure= T= shows= some= screenshots= from= the=
applicationK

cigure TK=mulsodela`iudad=application=screenshots=
=
fn =order =to =tackle =internally =the =incidences =sent =by =
the= users= through= the= marticipatory= pensing=
scenario=Efor=instance=hole=in=the=street=eventsFI=the=
pantander= `ity= `ouncil= implemented= two= teb=
services= developed= using= the= jicrosoft= Kkbq=
QKMfplatform= which= integrates= the= marticipatory=
pensing= pcenario= with= the= preJexisting= system= in=
the= municipality= to= manage= incidences= Efk`fpvpFK=
qhese= web= services= collect= the= information= from=
pmartpantander= marticipatory= pensing= pcenarioI=
then= formatI= adapt= and= resend= that= data= to= the=
different=departments=responsible= for= resolving=the=
incidence=provided=by=the=final=userK=
=
cor=this=development=all=the=standards=proposed=by=
the=tP`=were=honored=to=ensure=compatibility=with=
any= other= platform= interacting= with= the= pantander=
junicipalityDs= systems= thus= ensuring= the=
interoperability= with= any= other= systemK= qhe=
standard= adopted= for= this= development= has= been=
?plAm= tpJf= _asic= mrofile?= EhttpWLLwwwKwsJ
iKorgLmrofilesL_asicmrofileJNKNKhtmlFK=
=
“onclusionsW
=
pmart =cities =are =perfect =ecosystems =for =crossJ
fertilizing= ideas= and= actions= in= response= to= the=
crucial =needs =we =all =might =be =facing =in =the =coming =
years=to=improve=the=quality=of=life=and=efficiency=at=
the= city= levelK= pocietal= innovation= paradigm=can= be=
leveraged =by =immersing =urban =society =in =a =

technologically= advanced= scenario= thus= fostering=
crowdJsourced=creativity=potentialK==
=
qhe= deployment= of= the= researchJoriented= foq=
infrastructure=described=in=this=paper=in=the=heart=of=
a=cityI=and=the=considerable=investments=required=to=
create =and =amplify =it =to =the =necessary =scaleI =
motivates=the=exploitation=of=the=facility=beyond=the=
experimental= research= communityK= qhe= facility= has=
therefore =been =conceived =not =only =to =act =as =a =
testbed=for=research=with=foq=technologiesI=but=also=
for= the=development=and=evaluation=of=foq=enabled=
smart= city= services= and= applications= targeting=
developers=of=commercial=solutionsK==
=
curthermoreI=it =also=caters=for=the=actual=end=users=
by =providing =foq =enabled =services =to =the =city =and =
their =citizensK =qhe =involvement =of =end =users =adds =
another= dimension=to=the=evaluation=capabilities= of=
the=platform=by=allowing=not=only=the=assessment=of=
technical =performance =of =foq =solutionsI =but =also =
their= societal= implications= and= user= acceptance=
Epchaffers=et=alKI=OMNNbFK=qhis=aspect=is=the=one=that=
promotes= what=the= authors= categorizes= as= societal=
innovationI= being= the= engagement= of= communities=
towards =the =development =of =new =concepts =and =
solutions= tackling= societal= needs= Emore= effectively=
than= alternativesF= and= creating= new= social=
relationships=or=collaborationsK=
=
crom= the= different= services= already= running= on= the=
pantander= platformI= this= paper= has= presented= the=
two= services= that= best= exemplifies= our= notion= of=
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societal= innovationI= namely=the=Augmented=oeality=
pervice=and=the=marticipatory=pensing=perviceK=
=
pmartpantanderoA= is= a= free= Augmented= oeality=
technology= app= that= has= been= downloaded=
massively =by =more =than =NPRMM =people =in =less =than =
one= yearI= providing= an= interactive= experience= for=
both= citizens= and= visitors= when= walking= along= the=
cityK= ft= provides= a= unified= access= to= all= city= data=
sourcesI= presents= them= in= a= contextJsensitive= and=
location =aware =manner =to =the =end =users =using =
augmented= reality= technologyK= AdditionallyI= the=
information= implicitly= generated= by= the= user= when=
using= the= application= is= processed= by= the= system=
with= the= aim= of= acquiring= knowledge= about= citizen=
preferencesI= mobility= patterns= and= other= statisticsK=
qhe= further= analysis= of= this= data= will= allow= the=
creation=of=new=services=and=experiments=within=the=
smart=city=contextK=
=
qhanks =to =the =“mace =of =the =city” =App =developedI =
quantitative= hmfs= collected= show= evidence= of=
improvements=gained=after= the= introduction=of= foqI=
ppecific=examples=we=have=are=“`ity=council=time=to=
resolve =incidents” =has =decreased =from =PU =days =

Ebefore= foqF= to= RKTN= EafterFI= “fncidents= reported= to=
the= municipality= services”I= _efore= launching= the=
mace=of=the=`ity=serviceI=NOO=incidents=were=reported=
to= the= municipality= services= through= the= citizens’=
inbox= during=NM= months= period= in=OMNO= yearK= pince=
kovember =NNth =OMNO =to =the =end =of =the =yearI =ORN =
incidents= were= received= by= the= municipality=
servicesK= auring= the= first= six= months= of= OMNP= QQV=
incidences= have= been= reportedK= crom= a= qualitative=
point=of=view=it=is=important=to=highlight=the=interest=
from= the= population= with= more= than= RMMM= people=
downloaded=the=application=in=the=first=U=monthsK=
=
cuture =work =to =be =carried =out =will =involve =the =
deployment= of= new= use= casesI= some= of= them=
oriented= to= strengthen= the= participation= of= the=
citizenship= in= the= definition= of= new= endJuser=
services= and= their= involvement= in= the= validation= of=
the= proposed= technological= approachesK=
curthermoreI= it= is= of= utmost= importance= to= add= to=
the= already= existing= smart= city= platform= the= tools=
allowing=the=assessment=of= the=social=engagement=
produced=by=the=smart=city=services=tested=on=top=of=
pantander’s=foq=infrastructureK=

=
=
 =
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the= volume= of= data= maintained= and= managed=
within= the= database= expandsI= thus= growing=
synergies= across= sectors= and= departmentsI= as=
wellK=

=
- Although=the=volunteer=module=has=proven=the=

most= attractive= to= oed= `ross= oed= `rescent=
kational= pocietiesI= the= ojp= is= now= also= being=
displayed=as=a=technical=and=sectorial=resourceK=
cor =instanceI =in =the =Africa =zoneI =the =ojp =is =
utilized= to= disseminate= deployment= messages=
to= regional= disaster= response= team= membersI=
alerting= members= of= disaster= operations=
seeking= sectorial= expertise= and= supportI= and=
offering =a =method =for =members =to =apply =for =
deploymentK= qhe= ojp= can= thus= serve= wider=
purposesI= such= as= the= makistan= oed= `rescent=
pociety’s= anticipated= plans= to= use= the= ojp= to=
manage= and= map= its= domestic= disaster=
responseJtrained= staffI= assets= and= volunteersK=
fn= additionI= the= AsiaJmacific= zone’s= water= and=
sanitation= unit= will= begin= in= ganuary= OMNQ= to=
map= its= technical= resources= across= the= zoneI=
including= trained= staffI= volunteers= and= assetsI=
through= the= ojpK= diven= that= one= of= the= main=
goals =of =the =ojp =has =been =to =build =the =
capability=to=share=and=disseminate=information=
across= fco`I= kational= pocieties= and= partnersI=
the =promotion =of =modules =beyond =Åust =the =
volunteer=module=will=help=to=demonstrate=and=
utilize=the=full=capacity=and=value=of=the=ojpK=

=
An=evaluation=of=the=ojp=implementation=with=the=
mhilippines= oed= `ross= and= qimorJieste= oed= `ross=
will =take =place =in =early =OMNQK =AlreadyI =one =lesson =
learned= from= the= ojp= experience= concerns= the=
scale= of= rollout= within= a= kational= pocietyK= cor=
instanceI=the=mhilippines=oed=`ross=pociety=chose=to=
utilize= the= ojp= as= its= volunteer= management=
systemK= ft= was= deemed= that= if= all= information= on=
volunteer= trainingsI= skillsI= experience= and= contact=
information= was= entered= into= the= ojp= volunteer=
moduleI =the =system =would =offer =great =value =to =the =
mhilippines =oed =`ross =and =partnersK =eoweverI =due =
to= the=scale= of= the= implementationI= the=size= of= the=
kational= pociety= and= other= onJgoing= disaster=
operationsI =this =proved =to =be =a =challenging =goal =to =
achieveK= fn= actualityI= a= portion= of= the= volunteers=
and= their= information= has= been= uploaded= onto= the=
system= thus= farI= and= it= is= still= an= onJgoing= taskI= in=
addition=to=ensuring=appropriate=data=quality=of=the=
more= than= OMMIMMM= records= in= the= systemK= qhe=
recent=disaster= in=the=mhilippinesI=qyphoon=eaiyanI=

affected= provinces= that= had= yet= to= implement= the=
ojpI= which= thereforeI= were= not= in= a= position= to=
benefit= from= the= comprehensive= volunteer=
information=that=the=ojp=could=provideK=
=
oesults= and= lessons= learned= from= the= new=
vulnerability= module= are=still= to=be=determined=and=
compiledI= based= on= the= outcomes= of= piloting= the=
module= in= various= contextsK= aiscussions= are=
underway= to= determine= the= indicators= to= be= tested=
as =part =of =the =raoo =programmeI =potentially =
adopting= several= Łglobal’= indicators= tracked= at= a=
national= levelI= along= with= another= few= indicators=
more= specific= to= the= particular= urban= contextK= cor=
the= urban= community= level= indicatorsI= it= is=
anticipated= that= oed= `ross= oed= `rescent= kational=
pocieties=will=select=from=a=list=of=indicators=that=are=
most=appropriate=to=address=the=risks=and=priorities=
identified= as= part= of= the= s`A= exercises= in= their=
specific=targeted=urban=communitiesK=
=
“onclusionW
=
qhe =benefits =of =the =overall =ojp =are =manifoldI =
including= offering= contributions= to= organizational=
developmentI= and= programme= development= and=
managementK=qhe=system=allows=for=information=to=
be =more =easily =shared =and =organized =across =
kational=pociety’s=headquarters=and=branch=officesI=
as= well= as= fco`K= diven= the= multiJsectoral= nature=of=
the= systemI= the= ojp= allows= for= integrated=
operations=and=programme=planning=and=oversightI=
as=well=as=greater=preparedness=for=and=response=to=
disastersK =aata =is =backed =up =on =a =daily =basisI =thus =
reducing= the= threat= of= losing= informationK= qhe=
online= system=does= not=present= additional= costs= to=
kational= pocieties= utilizing= the= ojpI= thus= a=
financial=advantageK=AdditionallyI= the=development=
of=new=modules=and=features=is=guided=by=the=needs=
and =requests =of =oed =`ross =and =oed =`rescent =
kational=pocieties=themselvesI=further=ensuring=the=
relevancy=and=utility=of=the=systemK=
=
As= auxiliaries= to= their= national= governments= and=
often =with =comprehensive =coverage =and =access =to =
communities= through= their= wide= networks= of=
volunteersI= oed= `ross= oed= `rescent= kational=
pocieties= are= well= placed= for= collecting= information=
on= vulnerabilitiesI= capacities= and= resilienceK= qhis=
extends=also=to=urban=communitiesI= where=the=oed=
`ross =oed =`rescent =is =further =expanding =its =work =
and =effortsK =fn =order =to =make =a =real =impact =on =the =
lives= of= the= most= vulnerableI= accurate= and= more=
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extensive= information= should= be= shared= openly=
amongst =key =stakeholders =involved =in =urban =
disaster= risk= reduction= effortsK= Accessible= and= easy=
to= use= systems= should= be= developedI= such= as= the=
ojpI= in= order= to= facilitate= information= sharing= and=
utilizationK= AdditionallyI= the= importance= of= urban=
disaster= risk= reduction= and= the= benefits= that= dfp=
data=offers=to=risk=reduction=efforts=should=be=more=
widely =advocatedK =qhrough =the =use =of =the =ojp’s =
vulnerability =moduleI =fco` =aims =to =offer =an =

innovative= approach= to= humanitarian= initiatives=
focused= on= urban= disaster= risk= reduction= through=
the= compilation= of= communityJdriven= results= from=
the= s`A= processes= that= contribute= to= relevant=
indicators= in= the= systemK= fn= additionI= the= module=
allows= for= the= ability= to= geospatially= map= these=
resultsI= so= as= to= improve= interventions= in= targeted=
communitiesI= ultimately= improving= communities’=
resilienceK=

=
=
=
ReferencesW
=
fnternational= cederation= of= oed= `ross= and= oed= `rescent= pocieties= EOMNMFK= Łptrategy= OMOM’K=
httpWLLwwwKifrcKorgLdlobalLmublicationsLgeneralLstrategyJOMOMKpdf=
=
fnternational =cederation =of =oed =`ross =and =oed =`rescent =pocieties =EOMNPFK =Łtho =te =Are’K =
httpWLLifrcKorgLenLwhoJweJareL=
=
torld= eealth= lrganization= EOMNQFK= Łdlobal= eealth= lbservatoryW= rrban= mopulation= drowth’K=
httpWLLwwwKwhoKintLghoLurban_healthLsituation_trendsLurban_population_growth_textLenL=
=
=
=
= = = = = ñboutUtheUñuthorsU

U
aaniel BČlañČs dČnzalezI=aisaster=janagement=`oordinator=for=AfricaI=fco`I=henya==
=

=
=
=
 =



Contents

Foreword ...................................................................................................................................    6
Cities for Solving Societal Challenges: Towards Human-centric Socio-economic 
Development? ...........................................................................................................................    8
Beyond Open Innovation: the Living Lab Way of ICT Innovation...............................................  15
Technology and Informal Care Networks: Creative Approaches to User Led Service Design 
for the Warm Neighbourhoods AroundMe Service .....................................................................  24
Action Research in Developing Digital and Virtual Services with and for the Elderly People .......  32
Knowledge Management of Open Innovation in Digital Ecosystem Building - Role-based,
Situation-aware Personalisation in Smart Real Estate Business ................................................  44
Different Methods of Integrating End Users: COM’ON Mobile Service Design and Innovation 
for Future Smart Services ..........................................................................................................  73
Let’s Move Together! Towards a Social, Mobile City ..................................................................  88
Exploring the Potentials of ICT Enabled Co-creation Platform for SME’s in Ikeja ICT Cluster, 
Lagos ........................................................................................................................................  98
Public-Private Partnership – a Contribution Paper ..................................................................... 111
Firing Up the City – A Smart City Living Lab Methodology ........................................................ 118
Engaging Individuals in the Smart City Paradigm: Participatory Sensing and Augmented 
Reality ....................................................................................................................................... 129
Urban Socio-technical Innovations with and by Citizens ........................................................... 143
Living Lab’s One-Stop-Shop Services in the Development of Remote Services in Public Sector . 157
A Multi-Discipline Rapid Innovation Method ............................................................................ 163
You Say You Want a Revolution… .............................................................................................. 171
Teaching Methods and Outcomes of Multidisciplinary T Workshops ......................................... 174
Towards a Smart Learning City .................................................................................................. 182
Towards Co-Creation of eHealth Services .................................................................................. 192
Helsinki-Uusimaa Region, an International Innovation Concentration ..................................... 206
Espoo is a Smart City through Collaboration ............................................................................. 218
Idea Management System for Smart City Planning ................................................................... 227
Energy Complex as a Catalyst for the Sustainable Development of the Russian Regions ........... 237
Improving Communities’ Resilience through Geospatial Information Utilization ...................... 243
User-driven Innovation for Dementia Care in France: The LUSAGA Living Lab Case Study........ 251
Open Innovation in Health and Social Services ......................................................................... 269
The Competitive Advantage of an Ecosystemic Business Model: The Case of OuluHealth ......... 282
Organising Living Lab Pilots for Maximal Impact ...................................................................... 296
Well-being Services in Collaboration for Senior Citizens ............................................................ 304
E-Health Solutions as an Opportunity for Empowering Responsibility ...................................... 315
Mobile Healthcare Simulation Center – Smart Service Solution ................................................ 320
Digital Business as an Engine for Growth - Finland’s ICT Revolution ......................................... 327
Co-Creating Environmental Services Based on Pollution Citizen Sensing .................................. 331
Developing Public Virtual Services - Case VIRTU Project ........................................................... 351

Interdisciplinary Studies Journal

Contact:
isj@laurea.fi 
www.laurea.fi/isj

Printed by: 
Edita Prima Oy 
ISSN 1799-2710

Publisher:
Laurea University of Applied Sciences
Ratatie 22, FI-01300 Vantaa, Finland

Listed in the Ulrich’s

Indexed and abstracted in the ProQuest


	ISJ Vol 3 No 4 etukansi
	ISJ Smart Cities Vol 3 No 4 2014
	ISJ Vol 3 No 4 takakansi



