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Abstract. The“Internetof Things”intendsto enhancéemsof oureverydaylife
with informationand/orprocessing@ndinterconnecthem,sothatcomputersan
sensejntegrate,presentandreacton all kinds of aspectof the physicalworld.
As this implies that enormousnumbersof datasourcesneedto be connected
andrelatedto eachother e xible and dynamicmiddlevare supportessentially
providing zero-programmingleploymentis a key requiremento copewith the
sheerscaleof thistaskandtheheterogeneityf availabletechnologiesln thispa-
perwe brie y overview our Global SensoMNetworks (GSN) middlevare which
supportghesetasksandoffersa e xible, zero-programmingleploymentandin-
tegrationinfrastructure GSN's centralconceptis the virtual sensorabstraction
which enableghe userto declaratiely specify XML-baseddeploymentdescrip-
torsin combinationwith the possibility to integratesensometwork datathrough
plain SQL queriesover local andremotesensordatasourcesThe GSN imple-
mentationis availablefrom http://globalsn.sourcefge.net/.

1 Intr oduction

In the sensometwork domainmostof the ongoingwork focuseson enegy ef cient
routing, aggreyation,anddatamanagemendlgorithmsinsidea singlesensometwork.
The deployment, applicationdevelopment,and standardizatioraspectgeceved little
attentionso far. However, asthe price of sensorgdiminishesrapidly we cansoonex-
pectto seevery large numbersof heterogeneousensordevices and sensometworks
beingdeployedto supportthevision of the “Internetof Things”[1]. Major challenges
in this “Sensorinternet” ernvironmentare (1) minimizing the developmentanddeploy-
mentefforts which arekey costfactorin large-scalesystemsand(2) the data-oriented
integrationof verylargenumberf datasourcesDespitetheheterogeneitpf theavail-
ableplatforms theirrequirement$or processingstoring,queryingandpublishingdata,
however, aresimilarandthemaindifferencesamongvarioussoftwareplatformsarethe
differentabstractiongor the sensorandsensomnetworks.

Our Global SensoiNetworks (GSN)middlevareaddressetheseproblemsandpro-
videsa uniform platformfor fastand e xible integrationanddeploymentof heteroge-
neoussensometworks. The designof GSNfollows four maindesigngoals:Simplicity
(aminimal setof powerful abstractionsvhich canbe easilycon gured andadopted),
adaptvity (addingnew typesof sensometworks and dynamic(re-) con guration of
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datasourceshasto be supportedduring run-time), scalability (peerto-peerarchitec-
ture), and light-weight implementation(small memoryfoot-print, low hardware and
bandwidthrequirementsyweb-basednanagemenbols).

In the following, we will give a conciseoverviev of GSNandhow it providesan
infrastructureto supportthe “Internetof Things”. Section2 discusseshe virtual sen-
sorabstractionSection3 highlightsGSN's datastreamprocessindunctionalities,and
Section4 describests architectureFor a detaileddescriptionof theseissueswe refer
thereaderto [2]. Section5 thendiscusse$&SN's dynamicplug-and-playfunctionali-
tieswhichrely onsimplesemantiaescriptiondasednthe IEEE 1451standard3] to
identify sensoranddynamicallyintegratetheminto GSN.Thisis akey enablingtech-
nology in GSN supportingfully dynamicand zero-programmingdntegration of data
sourcesn GSN.

2 Virtual sensors

The key abstractionin GSN is the virtual sensor Virtual sensorsabstractfrom im-
plementationdetailsof accesgdo sensordataandthey are the servicesprovided and
managedby GSN.A virtual sensorcorrespondsitherto adatastreanreceveddirectly
from sensor®r to adatastreamderivedfrom othervirtual sensorsA virtual sensorcan
have any numberof input streamandproduceneoutputstreamThespeci cationof
avirtual sensomprovidesall necessarynformationrequiredfor deploying andusingit,
including:

metadataisedfor identi cation anddiscovery

the structureof the datastreamswhich thevirtual sensocconsumesndproduces

anSQL-basedpeci cationof the streamprocessingerformedn avirtual sensor

functionalpropertiegelatedto persisteng, errorhandlinglife-cycle management,

andphysicaldeployment

To supportrapid deployment,thesepropertiesof virtual sensorsareprovidedin a
declaratve deploymentdescriptorFigurel shovs afragmentof avirtual sensode ni-
tionwhichde nesasensoreturninganaveragedemperaturérom aremotevirtual sen-
sor(wrapper="remote" ) which is accessedia the InternetthroughanotherGSN
instancg GSNinstancesooperatén a peerto-peerfashion).

<life-cycle pool-size="10" />
<output-structure>

<field  name="TEMPERATURE"type="integer"/>
</output-structure>

<storage permanent-storage="true" size="10s" />
<input-stream name="dummy" rate="100" >
<stream-source alias="src1" sampling-rate="1" storage-size="1h">
<address wrapper="remote">
<predicate key="type" val="temperature" />
<predicate key="location" val="bc143" 1>

</address>
<query>select avg(temperature) from WRAPPER</query>
</stream-source>
<query>select * from srcl</query>
</input-stream>

Fig. 1. Virtual sensode nition (fragment)

To specifythe processingf theinputstreamsve useSQL querieswvhichreferto the
input streamdby the resened keyword WRAPPERT he <input-stream> element



providesall de nitions requiredfor identifying and processingan input streamof the
virtual sensorThe <life-cycle> elementde nes deploymentaspectsuchasthe
numberof threadsavailable for processingthe <storage> elementcontrolshow
streamdatais storedpersistently(amongother attributesthis controlsthe temporal
processing)and<output-structure> de nesthestructureof theproducedutput
streamA detaileddescriptionof virtual sensorss providedin [2].

3 Data streamprocessing

In GSNadatastreams asequencef timestampeduples.Theorderof thedatastream
is derived from the orderingof the timestampsandthe GSN containerprovidesbasic
supportto manageand manipulatethe timestampsTheseservicesessentiallyconsist
of the following components(1) a local clock at eachGSN containey (2) implicit
managemerdf atimestampmttribute,(3) implicit timestampingf tuplesuponarrival at
the GSN container(receptiorntime),and(4) awindowing mechanisnwhich allows the
userto de ne count-or time-basedvindows on datastreamsMultiple time attributes
canbeassociateavith datastreamsaandcanbe manipulatedhroughSQL queriesThe
productionof a new outputstreamelemenbf avirtual sensois alwaystriggeredby the
arrival of adatastreanmelementfrom oneof its input streamsinformally, theprocessing
stepsthenareasfollows:

1. Thenew datastreamelements timestampedisingthelocal clock.

2. Basedon the timestampdor eachinput streamthe streamelementsare selected
accordingto the de nition of the time window andthe resultingsetsof relations
areunnestednto at relations.

3. Theinputstreamqueriesareevaluatedandstoredinto temporaryrelations.

4. Theoutputqueryfor producingthe outputstreamelemenis executedbasednthe
temporaryrelations.

5. Theresultis permanentlystoredif requiredandall consumersf thevirtual sensor
arenoti ed of thenew streamelement.

GSN'squeryprocessin@pproachs relatedto TelegraphCQasit separatethetime-
relatedconstructsrom theactualquery Temporalspeci cations e.g.,thewindow size,
areprovidedin XML in thevirtual sensoispeci cation,while dataprocessings speci-
ed in SQLwith thefull rangeof operationsallowedby the standardsyntax.

4 GSNarchitecture

GSN follows a containefbasedarchitectureand eachcontainercan hostand manage
oneor morevirtual sensoroncurrently The containermanagesvery aspectof the
virtual sensorsat runtime including remoteaccessjnteractionwith the sensornet-
work, security persistencedata Itering, concurreng, and accesgo and pooling of
resourcesvhich enableson-demandiseand combination.Virtual sensordescriptions
hold userde nable key-value pairswhich are publishedin a peerto-peerdirectoryso
thatvirtual sensorganbe discoreredandaccessethasedon any combinationof their
propertiesj.e., this providesa simplemodelof identi cation anddiscovery of virtual
sensorshroughmetadataGSNnodescommunicat@mongeachotherin a peerto-peer
fashion.Figure2 depictstheinternalarchitectureof a GSNnode.
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Fig. 2. GSNcontainerarchitecture

Thevirtual sensomanage(VSM) is responsibldor providing accesso thevirtual
sensorsmanaginghedelivery of sensodata,andproviding the necessaradministra-
tive infrastructurelts life-cycle manageXLCM) subcomponerprovidesandmanages
the resourcegprovidedto a virtual sensorand manageghe interactionswith a virtual
sensol(sensoreadingsetc.)while theinput streammanagefISM) managesheinput
streamsandensurestreamguality (disconnectiongjnexpecteddelays missingvalues,
etc.). The datafrom/to the VSM passeshroughthe storagdayerwhichis in chage of
providing andmanagingpersistenstoragefor datastreamsQueryprocessings done
by thequerymanagefQM) whichincludesthequeryprocessobeingin chaigeof SQL
parsing,query planning,and executionof queries(usingan adaptve query execution
plan). The queryrepositorymanagesll registeredqueries(subscriptionsandde nes
andmaintainsthe setof currentlyactive queriesfor the queryprocessarThenoti ca-
tion managedealswith thedelivery of eventsandqueryresultsto theregisterectlients.
The noti cation managethasan extensiblearchitecturewhich allows the userto cus-
tomizeit to ary requirednoti cation channel.The top threelayersdeal with access
mechanismsaccesontrol,andintegrity andsecurity

5 Zero-programming deployment

As describedefore, GSN reducesdeploymentto writing an XML le describingthe
sensoidependenpropertiesWhile having a single XML le (30-50lines)describing
avirtual sensoiis muchsimplerthanlow-level device-dependergrogramminghuman
interventionis still required.To overcomethis step,GSNusesthe IEEE 1451 standard
[3] for automaticdetection,con guration and calibration.An IEEE 1451-compliant
sensoiprovidesa TransduceElectronicDataSheef{ TEDS)which is storedinsidethe
sensorThe TEDSprovidesasimplesemantiadescriptiorof thesensori.e., it describes
the sensors propertiesand measurementharacteristicsuchastype of measurement,
scaling,andcalibrationinformation.A largenumberof sensorss alreadycompliantto
IEEE 1451andthis numberis growing steadily

To supporttruly zero-programmingGSN usesthe TEDS self-descriptiorfeature
for the dynamicgeneratiorof virtual sensomescriptionsby usinga virtual sensorde-
scriptiontemplateand deriving the sensordependentelds of the templatefrom the
dataextractedfrom the TEDS asshowvn in Figure3(a).
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Fig. 3. Zero-programmingleplo/ment

The nodesetupto supportplug-and-playdeploymentis shavn in Figure 3(b). At
leastonebasestationcapableof interactingwith sensinglevices(e.g.,mica2,mica2dot,
BTnode)is neededWhenasensonodeentersadetectiorarea(depictedby anantenna
in the gure), GSN detectsit, requestdts TEDS, and dynamicallyinstantiatesa nen
virtual sensorbasedon the TEDS. This meansthat by using TEDS GSN can detect,
identify, andautomaticallydeploy sensorsvithout humanintervention.The generated
virtual sensodescriptioris immediatelyincludedinto thedetectingcSNnodesrepos-
itory andall processinglependendnthenew sensois executedThisis doneon-the- y
while GSNis running.At themomentTEDSprovidesonly thatinformationonasensor
which enablednteractionwith it. Thusfor somepartsof the generatedsirtual sensor
descriptiong.g.,securityrequirementsstorageandresourcananagemengtc.,we use
defaultvalues.

The deploymentof a sensonnetwork) in GSN implies makingthe produceddata
accessiblghroughthe Internetvia web servicesand a web interfaces.Thus also all
remoteprocessinglependencieat ary othernodein the network of GSN nodesare
triggered.This enablestruly global integration of mobile sensorsGSN periodically
asksfor TEDSfrom all sensordo ensurehatthey arealive. If noresponsés provided
by a sensorGSN removesthe previously createdvirtual sensor freesthe associated
resourcesindnoti es dependentueryandnodes.

6 Conclusions

GSN providesa e xible middlewvare for deploymentof sensometworks meetingthe
challengeghat arisein real-world ervironments.Its plug-and-playdeploymentfunc-
tionality malesit speci cally interestingasaninfrastructurdor the“Internetof Things’
enablingcompletelynew typesof applications.For example,usersor things could
be equippedwith RFID tags not only holding static databut also specifying data-
processingasks(queries)which GSN canrecognizeandincludeinto its streampro-
cessing.This provides dataprocessingdynamicity besidesphysicalmobility without
additional efforts for deployment. The GSN implementationis available from http:
/lglobalsn.sourcefge.netAnda detaileddescriptionof GSNin providedin [2].
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