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Wireless Sensor Network (WSN)

= Definition:
= collection of WSN nodes connected to one or more gateways

= Characteristics: “weather” node
= large-scale deployment
= limited resources '3\
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Outlines

Wireless Sensor Network (WSN), needs and objectives
= State of the art on sensor ontologies
= Semantic Sensor Network (SSN) ontology overview

= Wireless Semantic Sensor Network (WSSN) Ontology:
extension of the SSN ontology

= Use of the WSSN ontology
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Wireless Sensor Network (WSN)

NEEDS AND OBJECTIVES

= Adapt the WSN node behavior to the context:
Node state
Phenomena state

Context: "The context is a set of entities states or information
describing an environment where an event occurs”

State: "The state is a qualitative data, which changes over time
summarizing a set of information”

SSN'12

enzoz - w Enhance the lifetime and the good functioning of the network
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What Is a context ?
FLOOD PHENOMENA

FLOOD PHENOMENA STATE:

1. “Normal”

2. “Waiting for rise in water levels”
3. “Rise in water levels”

4. “Flood warning”

NODE (ENERGY) STATE:
1. Strong Energy state

2. Average Energy state
3. Low Energy state




Wireless Sensor Network (WSN)

Phenomena state Normal

<weather> node
sends its
measures

<weather>
node sends
nothing

WSN



Ontologies

Definition:
- “explicit specification of a conceptualization™ (Gruber,
1993)

- “explicit specification of a shared formal
conceptualization” (Studer et al., 1998)

* Objectives:
* normalize the vocabulary
 defined the messages formats
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Ontology goals
DESCRIPTION OF

« WSN and their devices

Observation process

Communication process

Data stream
« Acquisitional Data Stream
« Communication Data Stream

Context = Set of entity’s state

WSN



Sensor Ontologies

1. Semantic Sensor Network 6. MMI (Marine Metadata
ontology (SSN), 2010 Interoperability)

2. Coastal Environmental 7. Sensor Web for
Sensor Networks (CESN) Autonomous Mission
ontology (Calder et al., 2010) Operations (SWAMO)

3. CSIRO Sensor Ontology, ontology, 2008
(Compton et al., 2009) 8. SEEK Extensible

4. Stimuli-centered (Stasch et Observation Ontology
al., 2009) (OBOE) (Madin et al.,

cev, 2. OOSTethys (Bermudez et al., 2007)
2009) 9. Sensor Data Ontology
(SDO) (Eid et al., 2007)
10. OntoSensor (Russomanno
: et al., 2005)

State of the art



Analysis of the developed topics
3 TOPICS

* Sensor: the sensor and its components (Compton et
al., 2009)

« Observation: the measurement process (Compton
et al., 2009)

. Data: processes using data like aggregation or
- communication processes
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Data

Domain

Data stream
communication
politic

Data Stream
acquisition politic

Data stream

Data

Observation

Field of
view/sensing

Frequency

Accuracy

Measurement

Reponse model

Observation

Sensor

Action & process

Configuration

Deployment

Components

Sensor type

Sensor

Analysis of the topics

Ontologies

SSN

CESN

CSIRO

Sensei O&M

OOSTethys

MMI

SWAMO

SEEK

eReS O&M

ntoSensor
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SSN ontology (Compton et al., 2012)
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WSN and its devices

[DUL:PhysicalObject]

subclass

subclass subclass
l'\-N """"""""" , \ ;
IrelessSensorNetwork
________ / subclass ssn:Device

ssn:hasSubSystem subclass

SSN'12 n:hasSubSystem //

12/11/2012 / ’
...................... ' ; CommunicatingDevice :
\

{ ssn:SensingDevice ]

------------------

-----------------

-----------------

-----------------

Extension of the SSN ontology
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Communication: Stimulus-WSNnode-
Communication pattern

Implements some impliments some

[Sensor (SensingDevice)] sensingMethodUsed communicatingMethodUsed " communicatingDevice
must be must be ¢ '

..................

/ s e communicatedBy

must be

observedBy
must be ust be

hasObservation
must be

isProducedBy some / \' ........ s .
| Observation l EROIITIABON) isProducedBy some

hasCommunication
12/11/2012 obseravtionResult only can be communicationResult only

v Y

.........................

(Result(SensorOutPut)] | Result(CommunicationOutPut) |

\

Extension of the SSN ontology



‘ Communication process

SSN'12
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DUL: DesignedArtifact

subclass
|

ssn:Device

((ouL:Method )

T

subclass

[:DUL:Eventj

subclass

cpmmunicatedBy
must be

T B
subclass
ssn:datects
must be
,———’/ T ssn:Stimulus |4~

ssn:Process

subclass

implements

must be

ssn:haslnput
can be

\

ssn:hasOutput

can be /

DUL:Situation

subclass

s
DUL:includesEvgnt
can be

communicationResult

communicatingMethodUsed
must be

ssn:hasOutput
can be

ssn SensorOutput

[DUL:InFomatIonObject]

[DUL:Region ]

subclass

observationTime
must be

1-1-‘1""""--_

must be

- - . - —]
communicationReceptionTime
must be

must be

Extension of the SSN ontology

DUL:Timelnterval
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ssn:hasValue
can be

subclass

DUL:isRegionFor
can be
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Acquisition data stream

1

subclass

(ouL:abstract |7 [ ouL: Reglon | (W DUL:Situation

? A
subclass subclass

| DUL:hasConstituent subidl
DUL:Set \ o
2 ssn: observationSampling N‘
R| Observation |

NS A D uL: Timelntewal)v\ S“bc_'ff,//
/
subcilas% ssn:observationResultTim

subclass

11

/ ssn: hasVaIue\ ssn:observationResult
——————————————— ‘_____,.’-——-—'_"
SSi ! ObservationValue -4"’/ St e
12/11/ o, RO
DUL:hasDatavalue PUL:isClassifiedBy risregtonter

N,

[DUL:UnitOfMeasurement]

Extension of the SSN ontology



17

Communication data stream

subclass

( puL:Abstract [ DUL:Region ] [W
1 1 f .

subclass subclass

I
*

subclass

wssn: obsewationTime\
e e l _____ / \ ------------ At
- 1
1
oo 4 ————— D UL:TImeInterval]\ 5/'-"’;:'5‘55/
subclass ssn:communicationResultTifne

DUL:hasConstituent subclass

] //ssn whasValue — sl pre R e wssn:communicatedResult
----------------- . ] : "___,.’———"'
SSt ! communicationValue ! /ﬁ;@;“_c?f‘? ??E‘ Erilit_:
12/11/. DUL:isRegionFor
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N
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State
OUR EXAMPLE

! i

(WireIessSensorNetworknodej

A A

Subclass

- |‘ instance instance

 State Subelass

R N

haSStabte (StrongeEnergyj (Weather-Node 2)
SSN'12 must e~
12/11/2012 | ...................... \ haSState
erelessSenso NetworkNode | must be

Extension of the SSN ontology



The use of the WSSN ontology

SIMULATED SCENARIO

* In an agri-environnemental scenario...
* Flood monitoring in watersheds
« Description of WSN:
two «weather» nodes:
sensor of the precipitations quantity (pluviometer)
Decision Support System (DSS)

SSN'12
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The use of the WSSN ontology

IMPLEMENTATION OF THE SCENARIO

The default settings of the two nodes

Each node has an energy device: 240 transmitting
packets

Acquisition and the communication frequencies are
equal: one communication per 1 hour

Node 2 adapts its behavior to its context

Use of the WSSN ontology



The use of the WSSN ontology

IMPLEMENTATION OF THE SCENARIO

- “Strong Energy state”, when the current amount of transmitted
packets performed by the node is under 120 packets

* “Average Energy state”, when the current amount of transmitted
packets is between 120 and 180 packets

* “Low Energy state”, when the current amount of transmitted
packets performed by the node is above 180 packets

SSN'12
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The use of the WSSN ontology

IMPLEMENTATION OF THE SCENARIO

Depending of its state, the node 2 changes Iits
communication frequency:

- “Strong Energy state”: one communication per 1 hour
* “Average Energy state”: one communication per 2 hours
* “Low Energy state”: one communication per 4 hours

Use of the WSSN ontology
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The use of the WSSN ontology
USING TOOLS
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° - 7 Closses | ™ sils | = Foms | # hstances || & Gueries | &2 Ontology Bean Genertor |
ode e and ItS noaes - = Sl Besm ooy
crested ontology file:
created fil: CDjava [—
atded slots: d 5
- S rl.ackin musicshop FC]
« JADE Simulator (Bendadouche et a 1
. crested g Trackjave location excl. package (2.9. homelchrisiorojectsimyprojectisrcl)
added st This directory wil be crested if ¢ doesrit aready exist

String niane ) ~

intcuration ML
crcated fie: tem java ortelogydomain (2.9, Newspaer)

° eve ( )I ) e ( )I l ( ) ( )gy s i o

int serialD [ I:l

created fil: Selljava
added slots:

A A . Sting rediCardibuber | L6 cenerete Beane |
 Protégé (BeanGenerator plugin) T

perg A4S public cless CD implements Concept {
create fie: Owns fava

generste beans

added slots: privete it price;

skipping :CLASS
skipping :CLASS

= JADE & e
Fublic vaid setPrice(t valuel { [T use JaDE naes when spesifi
this price=value; (2 J2SE JavaBean compatiole [JADE]

4
rubic int etPrice.

L ® JoSE ant dava 11 compatitle L18DE, JADE-LEAP]
28] [JADE-LEAR]

powered by [e——eae—nmea:]

Acklin e JAD

agent based supporl  of the

[ ® Classes [(® Siots |

-
J

Media Lab

For Project: @ Partiel For Class: @ Message (instance of :JADE-CLASS)
Class Hierarchy A W e X - Hame
= THING [Message
»> SYSTEM-CLASS
v Concept Role
> AID [ Concrete @
b 4 AgentAction
@ Message Template Slots
> Predicate Name [ Cardinality ] Type
© WsNnode = [dentifiant_Capteur single String
I> O state = TimeStamp single Integer
> @ battery == Unite_Mesure single String
8 freqaency == (dentifiant_Noeud single String
@ sensor == Valeur_Mesure single Integer
= P == i “
vocabulaire partagé Nmu re_Me sgrg T ‘slngle String
=] Mveau_(‘mefg‘g _:shye Integer
Format du message
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Simulation Result

COMPARING THE LIFETIME OF THE TWO "WEATHER” NODES
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Conclusion

« SNN is the ontology that describes most of topics that a sensor
ontology must describe

* No ontology is able to characterize the communication data policy

« Propose a new ontology design pattern called Stimulus-WSNnode-
Communication (SWC)

- Enrich the SSN ontology using SWC pattern with WSN concepts,
Wireless Semantic Sensor Network ontology (WSSN)

SSN'12
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@ contextual approach based on ontologies




Perspectives

* Enrich our ontology in order to point out the difference between the
communicated data and the acquired one

* Model the knowledge used in rules engines

e Simulate on JADE a complete scenario for the flood monitoring in a
watershed

* Implement on physical WSN nodes our approach and make more
complex experiments
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