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ABSTRACT

This paperpresentsa comprehense summaryof the insightsand
experienceswhich ateamof computerscientistsandcommunica-
tionsengineergainedduringtheambitiousthree-yeaprojectHey-
wowin the eld of mobile andubiquitouscomputing.The project
hadstartedwith apurelyarchitecture-drienapproactandwith the
goalto demonstratéhe bene ts of a mobile computinginfrastruc-
ture appliedto real-world shavcases. The paperdescribeswhy;,
during the courseof the project, the architecture-drien approach
sometimegprovedto be unsuitableto tacklereal-world constraints
andrequirementsSeveralreasonse.g.frequentlychangingdevice
road-mapsmadearchitecturahdaptationsecessaryThisresulted
in atrade-of betweendesirablearchitecturabesigniterationsand
inevitable designcircumventions,which nally ledto anarchitec-
tureandsoftwarecomponentshatprovedto be e xible, robustand
t to meettherelevantreal-world requirements.

1. INTRODUCTION

Our projectstartedn 1999with theideaof designingandbuilding
aplatformin orderto shavcasethe servicesfor the needsof peo-
ple onthemove [1]. The objectve wasto setup aninfrastructure
which provideslocationandcontet awvareservicesor mobilede-
vices,ef ciently combiningnovel navigationandcommunications
technologies.

At thattime, projectssuchas Cooltown[2], EasyLiving[3], Cen-
taurus[4], Ninja [5] or MOCA[6] startedwith similar goals. Un-
like someof these Heywow beganwith “real world requirements”
meaningwe wantedto demonstratéhefeasibility of animplemen-
tationwith standardff-the-shelfcomponentsThe mainfocuswas
on the mobile users device (which we call WID - WirelessInfor-
mationDevice). Of course]aptopsor to somedegreepersonadigi-
tal assistant§PDAs) with reducedorm factorwould have provided
the greateste xibility. Questioningourseheswhetherit would be
likely to seepeoplewalking aroundwith large deviceswe decided
notto rely ontheannuallyshrinkingform factorsof thesedevices.
Instead,we focussedon upcomingsmartphones,an evolution of
mobile phonestowardsmore e xible and programmablealevices.

This coincidedwith therequiremento beableto usecommercially
availabledevices,which areeasyto con gure anduseableby non-
expertshy thetime of the shavcasegowardstheendof theproject.

Althoughour rst ideaswerebornwhile investigatingheJini spec-
i cations [7], it turnedout, thatit is not just aboutbringing nav-

igation capabilitiesinto an existing serviceframavork like Jini.

Most serviceframavorks, including Jini, were designedwith the
characteristic®f classicaldistributed computingervironmentsin

mind, i.e. they implicitly assumehe existenceof a reliable,wired
network which interconnectsll hostsinvolved in distributed ser

vice interactionsandlargely neglecttheissuesarisingfrom mobil-
ity, adaptationcontext-awarenesszero-con gurationjocalintelli-

gence andothers[8]. Thus,oneof our projectgoalswasto re ect

therequirementsesultingfrom theevolutionfrom distributedcom-
puting via mobile computingtowards ubiquitouscomputing(see
gure[1).
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Figure 1: Ubiquitous Computing Evolution Chain

This paperis organizedasfollows: In the remainingpart of this

sectionwe will give anintroductionof our maindesigngoals,fol-

lowed by some considerationf the impact of external effects
while “ramping up” an operationalsystem. In section2 we give

somedeeperinsight into importantsystemcomponentsand how

we organizedthemin the architecture. The overall information
distribution modelis hearily in uenced by the characteristicof

mobile computingenvironmentsas we shav in sectiond] Sec-
tion[4 presentsour approachof displayingbuilding or areamaps
on mobiledeviceswith limited screersizes beforewe summarize
our paperwith a conclusionin section5| Throughoutall sections
we emphasisehe differencesbetweenthe designandthe lessons
learnedduringtheimplementation.

1.1 DesignCriteria

The penetrationof smartmobile devices like mobile phonesor
PDAs is growing rapidly. They typically provide circuit andpaclet
switchedaccesgo the Internetvia public mobile networks. By us-
ing methoddmplementedoday mobile devicesenablethe userto
accesdNVeb-basedlatafrom almostarywherein the world while
online by usinga Web- or WAP-browvseron their device. Froma



network operatorcentricviewpoint, thiswould have beensufcient
for providing accesso location-basedervices GPRSprovidesin-
ternetconnectvity and the mobile networks facilitate subscriber
localization. However, this would have causedremendou®pera-
tional costswhich enduserswould nothave beenwilling to accept.
Even supportthroughadvertisingrevenueswvould not have leadto
aviable businesamodelfor a successfutommercialintroduction.
In contrastwhenofine (e.g.in aplane,wherethe usageof wire-
lessconnectionds currently prohibited),the useris unableto ac-
cessonline servicesand he or sheis restrictedto executeonly a
smallsetof of ine applicationsstoredandrun onthedevice itself.
Note that our de nition of a serviceis not limited to information
services. We de ne a serviceasa nameableentity being respon-
siblefor providing informationor performingactionswith speci ¢
characteristic§9], which requiresfor instancesomekind of life-
cycle-managemerdn thedevice [10]. Thus,oneof thechallenges
wasto designanarchitecturavhich providesservicediscorery and
executionmechanismeptimizedfor onlineandof ine conditions
in abesteffort sensaisingon device processin@ndstorage.

The upcomingsmartphonesaddedIrDA and Bluetoothfor short
rangeconnectity, providing no-costdatatransferandinherentio-
cationinformation. WirelessLAN wasresered to more pover
ful devices- bothin termsof processingower andpower supply
Also, infraredplacedatoo high challengeon makinga full duplex
datalink work without modi cation to consumedevices(e.g. by
addinglenses)Bluetoothpromisedo bethemore e xible solution
evenif this meantdevelopingour own accesgoint infrastructure
dueto a mismatchof Bluetoothpro les betweenthe mobilesand
commerciallyavailableaccesgoints.

Realizingthat smartphonesusually have morethanoneinterface
for network accessjt becameobvious that we would like to use
ary of themwhereappropriate Appropriatenesgs determinedon
several dimensionsuchasavailability andcoverage transmission
bandwidth,transmissiorcosts,importanceof the datato transmit
andsoon. In doing so, the heterogeneityf the differentnetworks
(Bluetooth, GSM-CSD, GPRSor even a docking cradle) turned
out to be an advantage. That means,f for instancea high band-
width at low transmissiorcostconnectionlike Bluetoothis avail-
able, it is usedfor “datarefueling”. If only a low bandwidthsz
hightransmission-costonnectiorlike GSM-CSDis available,this
connectionis usedfor high priority requestonly. And even the
no-netvork situationshouldbe coveredin our systemin termsof
acombinationof cachingandsmartprefetchingalgorithmsaswell
aspartialautonomyof the on-device services.

In oursystemocation-avarenesss seeraspartof context-awareness.

Following asensingnetapharpositioninginformationis senseds
ary otherkind of contet informationusingeithera physicalor a
virtual sensar In the caseof positioninginformation, a physical
positioningsensomay be an integratedor attachedGPSrecever
providing WGS84coordinate®r the mobile phoneitself reporting
Cell-IDs or GauRR-KiigercoordinatesA virtual positioningsensor
canbeasoftwaresuperposingndre ning valuesof subsidiarysen-
sorsinto adequateontet informationsimilar to the soft-location
conceptproposedn [11]. Contet-awarenesshouldbe aninher
ent part of the serviceplatform. This requiresa well de ned but
yetextensiblecommonmodelof whatcontext is andhow it canbe
used. The basemodelis designedo cover ary dimensionof the
situationspacgwe call themaspects suchasthe currentposition,
the currentnetwork situation,speci ¢ device characteristicsuser
preferencesthe history etc. The platform shouldprovide access

methoddo ary kind of contet informationthroughan APl aswell
asnecessaryurther infrastructureelementssuchas a monitoring
andeventgeneratiorcomponentgnablingcontet-awarenesslur
ing servicediscovery andserviceexecution.

To achieve goodenduseracceptanceduring all shavcaseswe de-
cidedearlyonto provide notonly someselectedervicego demon-
stratethe platform's features. Wheneer possiblewe approached
contentprovidersto getrealworld contentfor resourcdimited de-
vices. To obtain high quality content,we optedto contractthird
partieswhenever thiskind of contentcould notbeproducedy ary
of the participatingprojectpartners.In this sensenon systemex-
pertswereenabledo provide contentfor our system.

1.2 Ramping up a Real System

While looking for adequatescenariosand locationsto ramp up

a demonstratowhich is optimal in the senseof maximizing the
demonstratioreffect by using alreadyexisting infrastructureand
content,our initial intentionwasto approachanairportor individ-

ual airline operatorsthe administrationof a capitalcity or evena
tradefair - anything thatis availablein thevicinity of Munichclose
to our researcHab. Oblviously, a demonstratiorin collaboration
with oneor moreof the partiesmentionedabose would have been
bene cial in termsof visibility, toughandthus authenticrequire-
mentson the performanceand stability of the productsto shaw,

andareasonableumberof users.

But dueto their attractvenessthe partiesandlocationsmentioned
abore are “saturated”’by the amountof cooperation-request®
demonstrateomethingpntheonehand,andallocateahugeamount
of time for administratiorandnegotiationon the otherhand.

Thus,we decidedto searchfor an attractve locationwith similar
characteristic@s mentionedabove, with lessadminstratre draw-
backs. We found this locationin a small Bavarian town named
Landsbeg am Lech (populationapprox. 27.000inhabitants city
area58 ). This town hasnumeroushistoric siteswhich are
concentratednainly in the old town area,which coversabout0.35

. Furthermoreit hasawell settledretail andtourismindustry
which is openmindedtowardsnew ideasto make their city even
moreattractve for bothtouristsandlocal citizens.Importantly the
city administrationsupportedour concernin variousways, either
in termsof manpaover, by establishingcontactsor by providing ac-
cessto valuablecontentlike mapsfrom the land registry of ce or
accesdo thedatabasesf thetourismof ce. Moreover, oneshould
not underestimat¢he advantageof having the city administration
asacommittedpartnerwhenenteringpublic discussionsegarding
electro-magnetiemissionconcernglueto moderncommunication
techniques.

Another very importantissueof our real world requirementwas
the device roadmapof the eligible vendors.Not every device that
is announcedvill be availableto the market or evenfor the devel-
opercommunity morethanever notin time. The setof featuresof
deviceson the marlket is severely reducedcomparedo the onesof
the developerversion. The documentatiornis — if availableatall —
incomplete deceptie andsimply wrong, makingthe development
processverythingelsebut effective. Promisingtechnologiesuch
asaccesdo the Bluetoothstackout of Javain the mobile phoneas
speci edin JSR-82[12] are postponedagainandagain,andonce
availableit turnsoutto be uselesslueto somemajordesigndraw-
backs.



2. ARCHITECTURE AND SYSTEM COM-
PONENTS

2.1 Devices

The devicesdeplo/edin the systemmay be catgorizedinto three
groups: enduserdevices, servicepointsandthe backbonenfras-
tructure. Following our real world requirement,most hardware
componentsirre commonoff-the-shelfcomponents.To cover the
heterogeneityf the devicesin use,an early designdecisionwas
madeto useJava asa commonprogramminglanguagefor all of
the devices,hopingto increasehere-usabilityof ary written code

within in eachof thethreegroupsandoptionallybetweerthegroups.

In the remainingpart of this sectionwe will introducethe main
componentof the architectureon a more detailedlevel and dis-
cusssomeof thelessondearnedduringthe processrom designing
the systemuntil theready-to-useystemin Landsbeg hadbeenset

up.

2.1.1 EndUserDevices

We employedcommerciallyavailablemobileenduserdevices(Wi-
relessinformationDevice, WID) suchassmartphonesand PDAs
from differentvendors.Smartphonesare standardmobile phones
which additionallyprovide limited processingindstoragecapabil-
ities for third party software. Most phonegrovide differentlevels
of accessibilityto the underlyingsoftware stack,rangingfrom full
accesgo the operatingsystem,suchas SymbianOS, up to some
scriptingof GUI widgetsonly. Industryhasapproachedhis prob-
lem by creatingstandarddor the applicationenvironment,e.g. by
implementingfunctionality pro les on similar devices.

A typical representate of sucha pro le is the Mobile Informa-
tion Device Pro le (MIDP) basedon the Connected.imited De-
vice Con guration (CLDC) of therespectie Java editionfor smart
phonesin theory ary phonemplementingapro le suchasCLDC/
MIDP shouldprovide the samefunctionality to a third party soft-
ware,whichmalesthis softwaredevice andvendorindependentln
practice the heterogeneityasbeenshiftedto a softwarelevel due
to thedisadwantageousatio of mandatoryandoptionalelementsn
thepro le speci cation.

(Pure) PDAs differ from smartphonesin termsof the userinter
faceandconnectiity, but areaffectedby the sameproblemsw.r.t.
third party software. Someprovide directaccesgo the operating
systemsuchasPalm OSor Poclet PC,whereastherslimit access
to the API speci ed by a pro le suchasthe PersonalPro le (PR,
the successoof pJava) on top of the Connectedevice Con gu-
ration (CDC) of therespectre Java edition. An upcomingtrendis
the corvergenceof smartphoneswith PDAs.

Following our designdecisionswe implemented life-cycle-ma-
nagemengpplicationaswell asselectedservicesto berun on the
devicesin Java. At this point we were alreadyaffected by two
differentpro les and dozensof specialcasedo cover the manda-
tory/optionalmismatches.This resultedin a stackof interacting
softwaremodulescovering the Java andnetworking capabilitiesof
thedifferentenduserdeviceswhichis exemplarilyoutlinedfor the
CityWalk tourguideapplicationlaterin gure[5.

2.1.2 ServicePoints

Servicepointsarenetwork accessleviceswhich additionallypro-
vide arearelatedservices.We distinguishbetweenLocal Service
Points (LSP)andGlobal ServicePoints (GSP) dependingvhether

they areequippedwith shortrangecommunicatiorfacilities such
asBluetoothor with wide areacommunicatiorfacilities, particu-
larly public accessetworks, to give enduserdevicesaccesgo the
Heywow infrastructure.The LSPsarefurtherdistinguisheddy the
typeof connecwity towardsthe Heywow backbone:

LSP ClassA for stand-aloneperation.Only initial or rare
contentupdateswhich maybe uploadedusingWIDs.

LSPClassB with temporaryand/ofow-speedackboneon-
nectvity suchasGSM-CSDfor scheduledontentupdates.

LSP ClassC with high speedbackboneconnectiity suchas
DSL orevenLAN for spontaneousontentupdatesL SPsof
ClassC mayactasfull Internetaccesgoints(Hot-spot).

Thedevelopmentbasisfor our LSPwasarobustsmall-sizedfully-
integratedsingle boardcomputerrunning Linux. To prevent fail-
uresto duemechanicalvear afan-lessversionwaschoserandthe
harddisk wasreplacedby a compact ash moduleof 256 MB or
512 MB. In future versions a notebookpower supplywill replace
the currentoneto allow quiet operation. Mostly standardcom-
ponentsare usedfor the compositionof the LSP (wirelessLAN
cards,commoninterfaces)o remain e xible to possiblehardware
changes.The mostimportantrequirementvasto have accesdo
nearlyall partsof the softwarecomponentsnside. Becausef this
we did not chooseary of thecommerciallyavailableBluetoothac-
cesspoints, as they often use specialhardware or own protocol
stackswith no or only sparsedocumentation. We decidedvery
early to usethe BlueZ Bluetoothprotocol stackfor Linux, which
— althoughstill underdevelopment— hasachieved a very stable
andcomprehense statusduring2003. The BlueZ Bluetoothstack
interconnectghe Java Native Interface (JNI) of the Java Virtual
Machinewith theHostControllerinterface(HCI) of the Bluetooth
hardware. We decidednot to usethe also available JBlueZ JNI
classesbecauseof a limited set of implementedHCI functions.
This way we could de ne our own JNI classesaccordingto our
requirements.This protocol sits on top of the BluetoothL2CAP
layer The LSP periodically scansfor available mobile devices
(inquiry) and checksfor a customBluetoothdevice class. Once
successfullyidenti ed, the LSP initiates a L2CAP connectionto
the WID andexchangeson guration data. The MP on the WID
andthe RP on the LSP arenow connectedvia an error corrected
L2CAP link - readyto transferdata.As the powver consumptiorof
a Bluetoothdevice in periodicinquiry modeis much higherthan
in discorerable mode we decidedto let the LSPlook for available
mobiledevicesandnotvice versa.This modesigni cantly extends
the standbytime of the WID.

Measurementsf the LSPsdeplg/ed in Landsbeg shaved some
surprisingresults.We usedpower classl Bluetoothtranscerersat
the LSPsto provide accesgo WIDs which aretypically equipped
with power class3 transceters? Althoughoutof theWID' s nomi-
nalrange we wereableto establisrandoperatdinks betweenNID
andLSPon adistanceupto 40 m. Sincewe currentlylack amore
plausibleexplanationfor thisobseration,we ascribehisincreased
rangeto apotentiallyhigherrecever sensitvity of thepowerclassl
devicesusedin the experiment.Furthermeasurementsoncerning

! power classl: upto 100mWw (20dBm),
nominalrangeupto 100m
power class3: upto 1 mwW (0dBm),
nominalrangeupto 10m



thethroughputwerealsoremarkableAs seerfrom gure |2, GPRS
transfemratesof up to 42 kbit/s wereachieved (2 proxiesinvolved),
while transferratesvia Bluetoothof approximately800kbit/s were
achieved (2 or 3 proxiesinvolved).
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Figure 2: Measured Thr oughput via Multiple Proxies

However, as gure [3|shavs, multiple connectionatoneLSPshare
thistotal bandwidthwithoutmajorloss—thereforethetotalthrough-
putperBluetoothdevice remainsthe same(To increasehroughput
andthe numberof simultaneousupportedusers,additionalUSB

Bluetoothdevicescansimply bepluggedinto the LSP).For amore

comprehense analysisof the potentialimpactof this obseration

seg[13].
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Figure 3: Bluetooth Thr oughput

2.1.3 Badbonelnfrastructue
Thebackbones essentiallya virtual private network (VPN) span-
ningacrosgpublic mobilenetworks,corporatenetworksandtheIn-
ternet. WIDs accesghis network eitherusingpaclet basedpublic
mobilenetworks,dialinginto corporatenetworks(circuit switched)
or usingBluetoothto communicatewith a LSP which themseles
accesghenetwork using x edor wirelesslinks.

Figure4 shavsthenetwork asit is currentlydeployedfor theLands-
berg shavcase Within this gure,  shavs WIDs communicating

with LSPsof ClassA, refersto fully connected_SPsof Class
C in Landsbeg with mirrors  within our researcHab for test-
ing purpose A W-LAN infrastructurecoveringthe city centrewas
setup to sene both asbackbondor LSPsindicatedby  andto
provide Internetaccesgo laptopsand PDAs with W-LAN option.
Directionalantenna®sn the LSPsallow for extendedcoverage.

Finally, few LSPsof ClassB ~ with GPRSuplinks at remotelo-

cationsaredeplo/ed. GPRSis alsouseddirectly by the WIDs
while outsideof the Bluetooth/WLAN coverage.In this casethey
locatedwithin ourcompany's LAN.
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Figure 4: Heywow Network Topology

2.2 Software Components

This sectionwill shav our hybrid “medium client” approactem-
ploying standardcomponentsaind dedicatedapplications particu-
larly onthe WIDs. We rely on standardVAP/HTML browserand
mediaplayerapplicationgo rendemuchof theapplicationcontent
andnecessaryserinteraction—only if time or GUI constraintsare
severe,werely onadedicatedapplication(suchasa mapviewer or

autonomougour guide application,see gure 5). By introducing
theconcepbf applicationlayerHTTP proxieswe canstill delegate
mostof the renderinganduserinteractionto the (usuallybuilt in)

browserandplayers but let theactualapplicationlogic andcontent
resideasmuchon thedevice asnecessary
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Figure5: Inter connectedSoftware Components



In orderto provide a transparenanddevice independensolution,
anapplicationlayerapproactwaschosenTodaya Webbrowseris

the typical applicationfor accessingontent. Web browserscom-

municateusingthe HTTP [14] protocolto retrieve datafrom Web
senersin the Internet. In orderto control and modify the infor-

mation o w, HTTP proxiesareputin betweerthe communication
ow, which is illustratedin gure 6. In general,a client applica-
tion (CA) retrievesdatafrom sener applicationg(SA). In orderto

supportmultiple communicatiorlinks for costeffective switching
[15] betweenNID andary LSP/GSPRandfor statisticalanalysisfor

optimizing dataretrieval (e.g. pre-fetching[16]), a CentralProxy
(CP) is placedwithin the infrastructure. Details of the so-called
Split Proxy Conceptcanbefoundin [17].
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Figure 6: Communication Links

This choserapproactprovidessupportfor

retrieving contentlocatedat the mobile device, the LSP or
thelnternet

provisioning of the MIDP applicationto the mobile device
(downloadof .jad/.jar les)

communicatiorof the MIDP andpJava applicationCityWalk
with the back-endapplication

communicatiorink selectiorbasedndecisionglerivedfrom
userpreferenceglatastatisticsaanddevice feedbaclonacost
controller

pre-fetchingn orderto optimizedocumentetrieval time

3. INFORMATION DISTRIBUTION

As alreadymentionedn sectionl, we followedour“good enduser
acceptanceate” designcriteria by approachingandinterconnect-
ing to realworld contentproviderswheneer possible. Thus, the
rst dimensionof the informationretrieval designwhich resultsin
our data o w modelis determinedby a selectionof appropriate
contentproviders. A seconddimensionis determinedby the in-
frastructure both setup by andwithin the administrationdomain
of Heywow (seesection2) aswell asgivenby thecontentproviders
andoutsidetheadministratiordomainof Heywow. A third dimen-
sionis determinedoy the intendeduseof the data,e.g. a speci ¢
serviceor application.

The overall data o w modelis heaily in uenced by the charac-
teristicsof ubiquitouscomputingervironments(see gure 1). The
mostimportantonesassociatedvith the designof the data ow
modelare:

Mobile Networks& Mobile Information Access:In mobile
networks spectralbandis a limited and thus expensve re-

source. The amountof dataexchangedshouldadaptto this

factin termsof transmittingonly if necessarandaccording
to the users (or the entity who paysfor it) policies. This

includesrefraining from transmittingeven during coverage
unlessa cheapemption is available [15]. This resultsin a
store-and-fonard like transmissiorpattern,whereasdirect
transmissiorpatternscannotbe guaranteedor ary pointin

time. Note thatstore-and-fonard patternsare proneto data
inconsistenciesThe accesdo the datashouldbe indepen-
dentfrom thekind of accessetwork asmuchaspossible.

Adaptive& Context-Aware Applications:Any applicationin-
volvedin thedata o w may modify the datato adaptto user
preferencegjevice capabilities network situationor in gen-
eralthecontet of theinteraction.This mayincludeomitting
or transformingpartof the dataduringtransmissionaswell
ascachingor hoardingandpre-fetchingdatabasedn usage
andaccesstatistics.

SmartDevices: The processingand storagecapabilitiesof
the devices involved in the data o w canbe usedto shift
computationasclosedto the enduseraspossiblewhich en-
ablesatleastpartialautonomy This allows particularlyfor a
mediumclientapproactasdescribedn section2.2

Figure7 givesanoverview for the data o w modelfrom different
contentsourcegowardsa mobile end-usedevice, which we will
describenereasanexamplewith the CityWalk tour guideapplica-
tion in the background.In this example,the CityWalk tour guide
applicationis designedandimplementedor CLDC/MIDP Javade-
vices.Becausef the closedlate binding paradigm 9] of this Java
derivative, it is not possibleto add or changethe class les after
installing the packagecalledMIDlet Suiteonto a device. Thus,in
contrastio otherJava versionst is not possibleto extendthefunc-
tionality of the software at runtimeby addingsomenew bytecode
to an alreadyexisting package.Unlike the code,the datamay be
modi ed arytime.

Therequiremenfor a maximumsupportof adaptatiorthe needto

maintainindependencéom the accesmetwork andthe demand
to do inconsisteng checkingresultedin a XML basedapproach.
An XML schema consistsof CityWalk speci ¢ datastructuresas
well asaction(insert,update deleteetc.) andaddressinglements.
Theschemaspeci cationhassigni cant advantagedor versioning
and partial validation purposeswhereaghe action elementamay
be usedfor database-lik datameiging operations. XML instance
documentshasedon this XML schemacan be usedto be either
displayedin a browser(e.g. asHTML representatiomasoutputof

an XSLT processorpr incorporatedn an applicationsuchasthe

pJava or CLDC/MIDP basedCityWalk application. The markup
information containedin the instancedocumentss essentiaffor

adaptatiorpurposes.

2http://demo.hgwow.com/schemay/cityalk



A rst rudimentaryamountof datafor an applicationis addedto
the Java archive duringthe creationof the MIDlet suite. This suite
creationprocesstself is usedto composepersonalizeanddevice-
optimize a MIDlet suiteby memging a life-cycle managemenap-
plication, servicecodeand pro le-adapteddatausing a web por
tal’. Thus,thesuitecreationprocessakescareof user anddevice-
adaptationin the senseof the requirementdescribedabore. The
life-cycle managemenrdpplicationenablegartialautonomyto arny
servicewithin thesuite,notonly the CityWalk tourguide. The por
tal providesalsomechanismso downloadandinstall thesuiteonto

a CLDC/MIDP device, either over-the-air (OTA) or Web-based.

Theclass le associatediataallows the applicationto bootstrapts
internalcontentdatabaseéy itself aftertheinstallation.

Figure 7: CityWalk Data Flow Model

At runtime, this on-device contentdatabasés updatedat irregular
intervalsby requestinghew datafrom ary appropriatd SPor GSP
This is enabledby several mechanisms.First, the mobile device
(or theuser)determineshepoint of time of checkingfor new data,
which optimalin the senseof someaspectf context-awareness
(network coverage costs,priority etc.). Onemay realizethe simi-
laritiesto checkingfor emailusinga pull basedbrotocollike POP3.
Secondthe XML instancedocumentgontaincontrolanddatain-
formation. By applyingthe control information, a traceable(but
not necessarilycon ict-free) way of meiging from several sources
is provided. Third, accessingKML documentsndary otherkind
of resourcesia URLSs providesindependencéom theunderlying
accesqnetwork. Thisis usedfor instanceto accessareaor group
associatedlocumentsisingthe sameaccessnterfaceschema.

A componenbf a GSPimportantfor the CityWalk applicationis a
gatevay which is responsibldor meging dataprovided from pre-
liminary contentproviders. Oneof them,calledFDlI, is responsible
for the websiteof the city of Landsbeg *. They provide a Lotus
Notesbasedcontentmanagemergystemenablingthe city admin-
istrationstaf to edit and publishthe contentof the city's web site
in acollaboratve andcomfortableway. Givenour XML CityWalk
schemathey implementedaninterfaceto create, manageand ex-
portdatafor theHeywow system.Thecity administratiorstaf may
createcontentfor the CityWalk tour guidein exactly the sameway
they createdatafor their website,including descriptionsjmages,

Shttp://demo.hgwow.com
*http://Mmwwlandsbey.de

audio tracksetc. Anotherthird party contentprovider we inter-
connecteds acompay calledHumanizelT. They implementeda
call centerapplicationallowing themto provide high quality loca-
tion basedpersonalizedifestyle informationin cooperatiorwith a
lifestylecompay. In committingto our schemahey feedthe Hey-
wow systemwith restaurantand shoppingtips aswell as special
eventinformation. All the datais collected,checled for consis-
tengy andmegedin the gatavay shavn in gure 7. The mobile
device hasaccesso thisdatavia areacommunityor personakeys.

Even if this example usesthe CLDC/MIDP Java versionof the
CityWalktourguideasareferencethedata o w modelof thepJava
versionof the CityWalk tour guideis thesame.

4. MAPS IN MOBILE DEVICES

Location-avarenessisa specializatiorof context-awarenes#n ubiqg-
uitous computingervironmentsis often coupledwith displaying
building mapsor areamaps.But mapsavailablein the Webandin
usemainly on desktopmonitorsareinsufcient for mobile device
screenglueto their limited sizeandresolution.

We approachedhis problemin two steps:

1. We contractecan imageproductioncomparny which is spe-
cializedin bitmap optimizationto produceseveral versions
of areamapsof the old town of Landsbeg. Thesemaps
varied in termsof le formats, scaleand resolution, with
andwithout anti-aliasingcolor-coding,annotatiorof streets
and placesof interest,etc. The objective of generatinghis
amountof variationshasbeenthe evaluationof their respec-
tive suitability for beingusedonthedifferentsmartphonesn
ourtestbede.g. Sory EricssonP800(pJava&MIDP), Nokia
3650(MIDP)).

Froma questionnairave consideredhe enduserexperience
of usingthe mapsfor pedestriarorientationand navigation
purposedWe foundthataminimumscalingfactor(notto be
confusedwith theresolution)betweenl:10.000and1:6.000
is requiredfor theseapplications.

2. Mapscovering a large areaareusually of higherresolution,
whichmaynot t thememoryrestrictionsof mobiledevices.
For moving mapapplicationsywhichindicateghepositionof
auser/dgice with asymbolsuchasalittle crossonthemap,
only a sectorof the maparoundthe positioningsymbolis of
main relevance. Thus, a large areamap may be segmented
andonly a small amountof segmentsmay be available on
the mobile device at ary time. To enhancethe subjectve
feelingwhenthepositionmarker movestowardsthe sggment
boundary we appliedan overlappingsegmentationscheme
whichis illustratedin gure 8.

By approximatiortheoptimumfor typical screemesolutions
of smartphonege.g.MotorolaA920: 208x208 Nokia 3650:
176x144,Sory EricssonP800: 208x203etc.) we chosea
segmentsizeof 200x200pixel which canbehandledon pho-
nesevenif they have alittle lower resolution.

Whereaghe rst onemaybetreatedasa studyonly becausef its
expensesthesecondnemaybeusedn combinationwith astrong
pre-fetchingand extrusion algorithmto compromisebetweenthe



Figure 8: Fragmentedmap of the city area

necessityof permanenbnline accessandthe memorylimitations
of mobilephones.

Dueto thefactthatwe had(alreadyonthe sourcecodelevel) differ-

entimplementationsf the CityWalk tour guideaccessinghesame
data,we are ableto comparethe applicationervironments. One
obsenration wasthatthe speci cationsof pJava and CLDC/MIDP

Java areawkwardin somedetails. For instancethe MIDP specre-

quiresthe PNG graphicsformatasmandatoryonly, whereapJaa
supportsthe JPEG,GIF and BMP formats. Evenif it is not ex-

plicitly forbiddento supportotherformatsin eitherspecthisis the
reasorthatthereis nocommonlysupportedyraphicsformatin the
implementationsvailable on the smartdeviceswe had accesgo.

We approachedhis problemof format conversionas part of the
device adaptatiortypical in mobilecomputingjmplementedatthe
gatevay describedn the previous section.

5. CONCLUSION AND OUTLOOK

In the previous sectionswe describedthe experienceswe made
while rampingupamobilecomputingervironmentwithin the Hey-
Wow project.

We introducedandgave reasongor our designgoals,whichwhere
severely affectedby typical characteristic®f ubiquitouscomput-
ing ervironments. During all phaseof the developmentand de-

ploymentwe were affectedby minor and major obstacleswhich

requiredsigni cant re-designsSeveralpromisingdesigndecisions
suchasusingJava onall deviceswithin the systento dealwith the

heterogeneityf the componenthave provedto be unsatiséctory
to solve the problemsarisingfrom heterogeneity

Neverthelessthe systemis up andrunning andthe desiredfunc-
tionality canbetestedn Landsbeg by thepublic. We think thatby
pointingto someof the majortrapswe have beenstrugglingwith,
one candrav uponthe lessonswe learnedto prevent them from
happeningo otherswho are designingand rampingup a similar
system.
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