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RESUME 

           
dcrire  un  capteur/actuateur  et  les  donnes  qu‟il  mesure  et  fournit.  Ces  schmas  sont 
          
 ‟une  description  hirarchique  basique  des  attributs  des  objets  sans  aucune 
             

et à la mise en uvre de mcanismes efficaces d‟infrence, de  fusion et de composition de 
donnes.  Cette  ontologie  smantique  permettra  de  masquer  l‟htrognit  des  donnes 
collectes et facilitera leur fusion et leur composition au sein d‟un environn
de capteur similaire à celui d‟une architecture ouverte oriente services.

               
d‟une  ontologie  smantique  lgre,  extensible  et  gnrique  de  descriptio  



 d‟une  manire  extensible  et  lgre  afin  d‟tre  applicable  à  des  quipements 


 comme  sous  lment  d‟une  ontologie  de  pl     
utilise pour modliser les capteurs et actuateurs (en tant qu‟quipements et non plus 
           




 d‟une  architecture  gnrique  oriente  service  (SOA)  permettant  la  dcouverte  et  la 
gestion d‟un capteur/actuateur, et des donnes qu‟il fournit (incluant leurs agrgation 
et  fusion  en  s‟appuyant  sur  les  mcanismes  de  composition  de  services  de 
l‟architecture SOA), à l‟identique d‟un service composite de plus haut niveau,

 d‟un mcanisme amlior de collecte de donnes à grande


L‟objectif  des  travaux  de  la  thse  est  de  fournir  des  facilitateurs  permettant  une  mise  en 
uvre  de  mcanismes  efficaces  de  collecte,  de  fusion  et  d‟agrgation  de  donnes,  et  par 
     cisions.  L‟ontologie  de  haut  niveau  propose  sera  quant  à  elle 
            
des  „capteurs,  actuateurs  et  objets‟  bases  sur  des  architectures  orientes  services  (Service 

l‟information  transporter  (smantique)  dans  les  mcanismes  de  routage  (i.e.  routage  bas 


Les aspects lis à l‟optimisation et à la modlisation constituer


 


      mum  de  l‟architecture  de  dcouverte  et  de  gestion 
d‟un capteur/actuateur,  





 L‟identification d‟une solution optimum au problme de la collecte à grande chelle 






ABSTRACT 





            
  



               
          
          


             
           
         



t‟s  why  the  main  aim  of  this  thesis  is  to  specify  and  formalize  an  open  data  model  for 
          
            
          


             





 





Key Words: WSN, Ontologies, WBAN, SOA, Semantic Data Model, Semantic Service Model, 
Distributed Agents, CoAP. 
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0.INTRODUCTION 

0.1 Thesis Context   

        





  

           

        



           



WSNs‟  devices  (i.e.  nodes)  are  self       



           e.g., 

heterogeneous  interfaces  and/or  grounding,  heterogeneous  descriptions,  profiles,  models  …

Those  WSNs‟  devices  are  also  sensing  different  phenom   
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0.2 Thesis Contribution 

s‟ nodes, as well as 

            





           

             

             

           

 

               

            





          

            





          







  

              





            









It  is  worthy  to  mention  that,  the  thesis  is  only  focusing  on  proposing  solutions  for  WSNs‟ 
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0.3 Thesis Organization 



           

          

         

             

             



             



             



                

       locations.  That‟s  why  we 
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1.CHAPTER 1- BACKGROUND 

            





                 



1.1 Wireless Sensor Networks  



             

WSNs

e.g.  Smart  Buildings       

          

            







             



1.1.1 Domain of applications 

Inanimate objects are interacting with us: we are surrounded by „things that think‟ on 

              





            

         

          







             





      ity  idea,  more  WSNs‟  applications  have  been  emerged.  Where 
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home‟s parameters (temperature, humidity, security, etc.) and actuators to automatic

home  appliances  and  equipment‟s.  These  Smart  Homes  are  now  widely  deployed.  
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communication protocols, the WSN‟s data are becoming part of the new Internet, the IoT.  This 
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‟s data and integrate it in the IoT, confronting the challenges of WSN‟s.

1.1.2 WSN’s Architectures

            

  



fixed position depending on WSN‟s application.  WSNs also came in different architectures. 

     



                





             



Figure 1.1- Flat architecture (8)
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send it to another cluster head or to the WSN‟s gateway 

            



   





Figure 1.2-Multi-Tier Architecture

           

where the data is  forwarded based on the node‟s location provided by  an internal  GPS. Others 
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WSN‟s
            
‟ 

1.1.3 Node’s Components & Characteristics 




      



                
            




The  node‟s  processing  unit  or  CPU  is  responsible  of  serving  the  radio  modem,  performing 
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y, processing and energy‟s source). Moreover, 
               


    
     on  request  (by  external  users  or  sink).  Based  on  WNS‟s 
characteristic  as  well  as  node‟s  description,  we  can  deduce  that  although  these  networks  are


1.1.4 WSN’s challenges



              

             











             







               

              

          

ess the WSN‟s environment. T
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to  another.  This  WSNs‟  heterogeneity  complicates  their  interwork    







solutions,  not  interoperable  with  each  other.  Let‟s  differentiate  between  two  types  of 



 



 

            





          



b of Things) push the WSN‟s developers to publish sensed data over the Internet.  In 







            



your heart rate, etc… Did you ask  yourself how  
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1.2 Semantic Ontologies 

            





format. Let‟s consider a patient equipped with a heart rate sensor that

            

                





  



monitor the previous activities done by the patient.  Let‟s go further, imagine if this doctor can 

check the medical history of the patient‟s relative. Evi
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 Instance: members of a class (e.g. “Lina” a member of Users Class)

 

             

 



           



             



1.2.1 Ontologies descriptions  

    ,  ontologies  are  “tools  for  specifying  the  semantics  of 

defined and unambiguous manner”

                

                









 SameClassAssamePropertyAssameIndividualAs     

   

differentIndividualFrom

 InverseOfinverseOf

     TransitivePropertySymmetricProperty 

FunctionalProperty

InverseFunctionalProperty

 MinCardinalitymaxCardinality
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           unionOf

complementOfintersectionOf





hasChild  hasChild      hasParent  

“LeahasParentLina” can be deduced. This is inference. In fact, the most powerful point behind 



            



           

               

         

    

            

            

          



(SWRL).  Let‟s  see  now  the  available          



1.2.2 Reasoners, Inference and Queries 
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et al. 
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 Consistency checker that ensures that our ontology doesn‟t contain any conflicting facts.
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Figure 1.3-SPARQL Types

1.2.3 Ontologies Software 
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        „plugged‟     

             



             

              



Figure 1.4-Overall Architecture of the Jena API Inference Engine



             



                 

 an  “InputStream”  containing  the  text  model,  or  the  reader  that  also  read  the  text 
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1.2.4 Ontology validation methods 

            

             





 

 

 





              



             



              





Automatic Sensor Discovery and Management to implement effective mechanism for data fusion & data aggregation 



           

              



                  

mandatory  to  validate  the  specified  ontology  before  its  usage  in  WSNs‟  applications.  This 







              

            

















1.2.4.1 Common used symbolic-based method 





      we  can  distinguish  three  consistency‟s 



           



to  verify  the  classes‟  structures  like  subclasses,  disjoint  classes  and  equivalent  classes. 
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1.2.4.2 Common used attribute-based methods 

                

            

             



           

  as  “Essense”  if  it  is  essential  to  the  ontology  model.  A  special  form  of 
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that shows the evaluation of the ontology after individuals‟ creation.
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exploring the semantic techniques let us now see how WSN‟s data can be part of the WoT 



1.3 WSN’s data communication protocols



             





              





                 

    

           





1.3.1 JSON and JSON LD   
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of the user) and the local server, or between different servers. For example, if the WSN‟s user is 







   



    











             

            



1.3.2 CoAP for data publishing  

             

              

              



 

                



           







          

             





  





            

          

mailto:j.h@hotmail.com
mailto:a.s@hotmail.com


Automatic Sensor Discovery and Management to implement effective mechanism for data fusion & data aggregation 



“CoAP” 
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Figure 1.5-CoAP Message (31)

                

"client“  who  send  CoAP  requests  to  a  "server“  which  services  the    



              

              



coap-URI = "coap:" "//" host [ ":" port ] path-abempty [ "?" query ] 
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Figure 1.6-Implementation of CoAP proxy (32)
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1.4 SOA and Multi-agents Architecture  

           



             

          





             



                



         

            

               

            



            

    

                 

               





Figure 1.7-Service Oriented Architecture
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using MAS in WSN seems very useful. Each of the WSN‟s service 
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N‟s developer the margin to choose the 







1.5 Summary 
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heterogeneity by adding common semantic description to WSN‟s terms. These ontologies should 

               



             





              

            

              









As all people say “Sharing is caring”, we believe that if WSNs can share their data and services, 
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2.CHAPTER  2-  UNIFIED  DATA  MODEL  FOR 

WSN “MyOntoSens” Ontology

2.1 Introduction 

             


 

 

 

 

 

              



          



 

                 



             

erfaces, etc.), in addition to the sensed data and features of interest (humidity, temperature…). 
These  readings  permitted  us  to  retrieve  the  domain‟s  vocabulary.  Next,  we  do  a  survey  on  the 
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2.2 State of Art 





2.2.1 Wireless Sensor Networks (WSNs) common used data representation models and 

ontologies 

             


2.2.1.1 OGC SWE Standards  


). OGC‟s SWE initiative proposed standards that 

            


 

 

 ve and filter observations and sensors‟ description.

            


 

Focusing on data model for sensor‟s systems and sensor mea


             

              
     “feature of 
interest”    “feature  of  interest”      
            
                  
              
 “observedProperty”        
             


“samplingTime”“feature-of-
interest”“resultTime”
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Figure 2.1-Basic O&M Observation Model (37)

             

either the “feature-of-interest”
“resultQuality”


Figure 2.2-O&M Observation Properties (36)
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Figure 2.3-SensorML Conceptual Model (38)

“AbstractProcess” 
“AbstractFeature”“ProcessModel”

                 

          
 “PhysicalProcess”   .  “PhysicalProcess” 
“spatialReferenceFrame” “temporalReferenceFrame”    

              
            
“PhysicalProcess”            
           
 “InterfaceDefinition”         


         “Component”  

“ProcessChain”.
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Figure 2.4-SensorML Interface Definition (38)

Figure 2.5-SensorML Contact description (38)

2.2.1.2 Existent WSN ontologies 

               
              
              
„Sensor‟ and „Observation‟. This analysis is summarized in the 

2.1  shows  that  while  Avancha  ontology  focuses  on  the  observation‟s  features,  it  ignores 
            
describes  the  sensor  and  its  physical  features.  However  it  doesn‟t  describe  the  data  transferred 


Advanced ontologies have been investigated introducing new description‟s 
the WSN‟s data. 
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2.2.1.3 OntoSensor Ontology  








         
             



           
           
           
mandatory for WSN‟s description.

Table 2.1- Comparison between existing ontologies based on Sensor & Observation
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Sensor Observation
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2.2.1.4 Semantic Sensor Network ontology (SSN)  


           

             
            

             



               
                


 

 

Figure 2.6-OntoSensor Ontology (4)

 



Automatic Sensor Discovery and Management to implement effective mechanism for data fusion & data aggregation 



 



          


2.2.1.5 WSSN Ontology  


process, the data stream and the state. The “Communicating class” is added to the ontology for 
         “CommunicationOutPut”
             



           
y, the state of any entity is represented by the “State 
class”.

Figure 2.7-SSN Ontology (3)

 

A new semantic ontology was proposed in by Nikolićet al
heterogeneity  in  wireless  sensor  network.  The  proposed  architecture,  “Semantic  Web  Based 
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  aging  Hardware  Heterogeneity”,  consists  of  three  segments:  Application, 
             

              


       “DataTime”     
“ReadingSensorstoTable”

          
“RadioType”“RadioFrequency”

 

 

Moreover, “Semantic Web Based Architecture for Managing Hardware Heterogeneity” ontology 
           
            



Figure 2.8-Semantic Web Based Architecture for Managing Hardware Heterogeneity Ontology (41)
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Figure 2.9-Component Class Structure in Semantic Web Based Architecture for Managing Hardware 

Heterogeneity Ontology (41)




             
          
      or  WSNs‟  data  management. 

            
          

            
          
             


          
             
          
          
SWSN  does  not  include  security  and  QoS  features  that  are  needed  for  WSNs‟  fault  tole
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Table 2.2-Requested attributes for WSN description proposed by NIST

Attributes Comments

 

 

 

 

 

 

 

 


       


 

 

 


             

             


2.2.2 Existing E-health data models   
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Table 2.3-Comparison of existing ontologies based on Sensor, Observation & Data

Reference Model 
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Archetype Model 


            

            


Reference Archetypes and term lists 

                 


Security 

             


Figure 2.10-CEN TC 251 Reference Model (44)

Figure 2.11-Data_Value in Reference Model (44)
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Interface Specification 





            



              
         



Figure 2.12-ISO/IEEE 11073 Model Summary (46)
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          attribute‟s  access  rights  for 


 

 

              


              


 


 


 


 



         


            

the units is determined in the “Format Types”

e  “Attribute  Protocol”  is  a  client/server  based  protocol  providing  attribute  exchange 
functionalities between devices. GATT and “Application Protocol” upper layer modules are also 
associated  with  “Generic  Access  Profile”  (GAP)  and  “Access  Manager”  modules  
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ions. That‟s confirms the need o

              


2.3 Proposed Unified Data Model for WSN 

               
r nodes depending on its resource‟s availability, and 
               
              
             


2.3.1 WSN Data Model 


Second,  the  WSN‟s  lo          

neighbours‟




            
           
              
monitoring  the  same  phenomena  in  order  to  enhance  WSN‟s  cooperation  and  do  certain  data 
analysis. Let‟s consider a building where each apartment is equipped with a WSN dedicated to 
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propose more solution to enhance the user‟s quality of life.

             


              




               

    
     




 UserID


 


       ole  of  the  patient‟s  reference.  It  can  be  an 
             

notification and send it to the responsible party‟s 


              
information  in  the  user  data  service  within  the  Bluetooth  LE  standard  by  patient‟s  full 

              




              
             
              



     the  monitored  patient  and  the  contacts  will  be  the  medical‟s 
staff and patient‟s relatives. Because a WSN can be composed of many clusters, the relation uses
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three ways. The first way is the periodic communication where the nodes send data to the WSN‟s 
coordinator  (i.e.  the  cluster  Hub)  every  T  seconds.  The  second  one  is  based  on  WSN‟s 
sting WSN‟s nodes for triggering their reply. The third one is based on event
triggering. When certain events occur, the nodes send their data to the WSN‟s coordinator. That 
                




Figure 2.13-WSN Data Model

2.3.2 Nodes Data Model 



ordinator  or  relay,  a  cluster  head  (WSN‟s    hub),    or  others.  As  an  example,  an  actuator 

luster head (WSN‟s Hub) 
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       NodeType    
               

            



              
             
           
                
               


           

model), it didn‟t add the power consumed in each mode. Thi
           
capacity cell batteries. Thus, keeping in mind the WSN‟s low energy constraint, we have added 


                  


  
              


              
by Nikolić 
et al. ,MemoEnergy(for current node‟s 
  Processor(for  static  nodes‟  memory  capacity).  By  introducing 
MemoEnergy
cluster  head  or  a  WSN‟s  coordinator.  In  addition,  we  introduce  the  MIPS,  frequency  and  duty 
  Processor          



additional energy harvested from the external environment, Nikolić et al.
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EnergySourceRechargeable
                 
   



             
Interface Typethat describes the standard characteristics of the interface‟s protocol, the baud rate 

       

                 

backbone, or infrastructure side. All these interfaces‟ properties have beeInterface
Interface Type


                
WSN‟s  coordin             
Active  mode  can  reply.  Moreover,  the  patient‟s  information  should  be  always  available  to  the 
              
              


 

                
    


             



levelNode
               
security is a key point in WSN‟s management and that is why we added the Trust Level



MemoEnergy
can  directly  influence  the  selection  of  the  WSN‟s  Hub  or  coordinator,  especially  because  the 
hub‟s deat
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link state

error ratedelay




Figure 2.14- Node Data Model.

2.3.3 Process & Measurement Data Model 


             
 
            
           
             
temperature, regardless the sensor‟s physical characteristics, the data rate should be around 120 
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 Operation


 Data

 Topic             


 Format               


                

                
medical applications. That‟s why we searched for other existing models that 

  
                 
               
               
             
              



                  



            
securityConstraints
validTime
legalConstraints
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key or certificate‟s reference), and compression constraint (compression algorithm).


              


 valid


 

 

 



                






    


             
            

            
         


2.4 MyOntoSens Ontology 

              
            
             
toSens open data model concept (see section 2.3). The classes‟ distribution and description 
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This hierarchy is also extensible for new units‟ type definitions.

Figure 2.15-Process & Measurements Data Model

Figure 2.16-Part of the hierarchy of the QUDT unit class
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hasvalue


The node location is essential in WSN where the sensor‟s position could be: implanted or inside 
l. In addition, we also have the WSN‟s location. That is why, we 
introduced a new class “Location” that has as subclasses:

 

               


 External: this subclass can be used to express the location of the WSN‟s Hub, or nodes 

             
given by an address (City, country, building…).




 6

 7




Figure 2.17-Classes hierarchy for Location class


their objects‟ properties, and their data properties.

2.4.1 MyOntoSensWSN Ontology 

Classes: 



6

7
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Figure 2.18-MyOntoSensWSN Ontology classes

Object Properties: 

Table 2.4-MyOntoSensWSN Object Properties

Object property Domain Range

Cardinality Additional properties

Max min

  

  
Sub-property

  
  Inverse of

   Inverse of 
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Data Properties: 

Table 2.5-MyOntoSensWSN Data Properties

Data Property Domain Range
Additional 
property

   

  

  

  

  

 

 

  

   

  

  

  

  
  

  {“Adhoc”,”Stars”,”Mesh”,”P2P
”,”Others”}

 

   

   

 

  

2.4.2 MyOntoSensNodes Ontology 

Classes: 

              


Figure 2.19-Node's subclasses
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Object Properties: 

Table 2.6-MyOntoSensNodes Object Properties

Object property Domain Range
Cardinality

min max
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Data Properties; 

Table 2.7-MyOntoSensNodes Data Properties

Data Property Domain Range Additional property
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Figure 2.20-Nodes Classes Relationships

2.4.3 MyOntoSensProcess Ontology 

Classes: 

Figure 2.21-Process class hierarchy

hasInput

hasOutput

hasFormat

hasDataType

hasData

hasConstraints
hasMesurement
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Object Properties: 

Table 2.8-MyOntoSensProcess Object Properties

Object property Domain Range
Cardinality

Min max
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Data Properties: 

Table 2.9-MyOntoSensProcess Data Properties

Data Property Domain Range
Additional 
property

  

  

  

  

 

 

   

 

  

  

  

  

 

2.4.4 MyOntoSens Ontology 

       
       
               


Classes: 
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Object Properties: 

Table 2.10-MyOntoSens Object Properties

Object 
property

Domain Range
Cardinality Additional 

propertymin max

   
Inverse  of


  
Inverse  of 


  

   

  

   
Inverse  of 


   
Inverse  of 


   

   
Inverse  of 


  
Inverse  of 


Data Properties: 

Table 2.11-MyOntoSens Data Properties

Data Property Domain Range Additional property

 

Rules:  

 are added to  the ontology based on the domain of WSN‟s applications. These 


Rule 2.1
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Node(?N), measures(?N, ?M), hasData(?P, ?D), hasMesurement(?D, ?M) -> usedFor(?N, ?P) 

Rule 2.2:

WSN(?W), ElectHub(?W, ?S) -> Contains(?W, ?S) 

Rule 2.3: 


WSN(?W),  Position(?N,  BuiltInMobile),  hasNodeType(?S,  ?NT),  Contains(?W,  ?N), 
ElectHub(?W, ?S) -> hasNodeType(?N, ?NT) 

Rule 2.4: . 

Measurement(?M), TTL(?M, ?T), equal(?T, 0) -> valid(?M, false) 

Rule 2.5: 
                    


WBAN(?W), hasLinkState(?S, ?L), hasLinkToNode(?L, ?N), Contains(?W, ?S) -> Contains(?W, 
?N) 

WBAN(?W), hasLinkState(?S, ?L), hasLinkToNode(?L, ?N), Contains(?W, ?N) -> Contains(?W, 
?S)   

Rule 2.6
. 

WBAN(?W), hasOwner(?W, ?O), isRelativeof(?O, ?R) -> hasContact(?W, ?R) 

Rule 2.7: 

Person(?P), Sister(?P, ?P1) -> Sister(?P1, ?P) 

Person(?P), Children(?P, ?P1) -> Parent(?P1, ?P) 

Person(?P), Friend(?P, ?P1) -> Friend(?P1, ?P) 




2.5 MyOntoSens Pre-validation : OntoRun Mobile Application 
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WBAN elects the user‟s PDA as Sink. The runner 8


              
            
maximum heart rate „normal


Figure 2.22-High level architecture of OntoRun application

2.5.1 OntoRun Individuals in Protégé 


  
      Runner_Fadi Runner_Lina   
              
WBANID that‟s why we have chosen the MAC address of the mobile where the application is 

               
              

8
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Runner_Lina’sLina_AndroidMob







        BodySurface     







Figure 2.23-Part of Runner_Lina’s WBAN ontology instance
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Rule  2.8:  Patient(?P),  MaxHR(?P,  ?Q),  Age(?P,  ?Age),  multiply(?x,  0.7,  ?Age),  subtract(?y, 
208, ?x) -> hasValue(?Q, ?y). 


                


Rule  2.9:  WBAN(?W),  MaxHR(?P,  ?Q),  hasContact(?W,  ?P),  Contains(?W,  ?S),  measures(?S, 
?Mes),  usedFor(?S,  HeartBeat),  value(?Mes,  ?mesure),  hasValue(?Q,  ?max),  lessThan(?max, 
?mesure) -> valid(?Mes, false). 



 BelongTo  Runner_Lina       Lina_WBAN
Lina_GPS

       sMeasuredBy Lina_Long2 
MeasuredBy Lina_GPS

 usedFor






            





 









2.5.2 OntoRun Mobile Application 
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he runner‟s speed.

Figure 2.24-GPS Object properties

Figure 2.25-Invalid measurement caused by a value greater than the maximum limit

Figure 2.26-Node discovery SPARQL result

   
9


9
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its MAC address (used to identify the runner‟s WSN), the 
user‟s  Gmail  account  (used  to  identify  the  Contact),  the  user‟s  age,  the  user‟s  gender  and  the 
user‟s weight (used  as data properties of the Contact  class) to  the semantic serv

            


 

              



Figure 2.27-General Architecture of the testing environment
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SELECT ?Contact 

WHERE  {  ?WSN  w:hasContact  f:Runner1.  ?WSN  f:hasLatitude  ?lat.  ?WSN  f:hasLongtitude 
?long. ?lat rdf:type w:Quantity; p:hasvalue ?Runner1_lat. ?long rdf:type w:Quantity;p:hasvalue 
?Runner1_long.  ?WSN1  w:hasContact  ?Contact.  ?WSN1  w:isFormedOf  ?Cluster.  ?Cluster 
n:composedOf ?N. ?N n:inCurrentMode f:Active.?WSN1 f:hasLatitude ?lat1. 

?lat1  rdf:type  w:Quantity;  p:hasvalue  ?val1.  ?WSN1  f:hasLongtitude  ?long1.  ?long1  rdf:type 
w:Quantity; p:hasvalue ?val2. 

Filter  ( (  (?Runner1_lat   -  ?val1)*  (?Runner1_lat  -  ?val1)  +  (?Runner1_long  -  ?val2)  * 
(?Runner1_long - ?val2) ) >0.05) 

} 




Figure 2.28-General architecture of the m-health application
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2.5.3 Benefits of MyOntoSens Ontology 

          

     
Format 
                





        CurrentMode 
Location

 isFormedOf hasContact


 


           


10
   WSNIDClusterIDNodeID
the ProcessIDInterfaceIDare defined as “anyURI”, which means that we are also giving 

 
              
               


               

              
                
              
            

         

H7 Polar is in active mode
cting the user‟s mobile as sink automatically infer the fact that this sensor 

   NodeType enable  the  retrieval  of  all  the  node‟s  chara 

10
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2.6 Conclusion  

              

           

           
            
         
          







              
              



            
             



             
   health application  reduces the Smartphone‟s 
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3.CHAPTER  3-  OPEN  SERVICE  MODEL  for 

WSN “MyOntoService” Ontology 

3.1 Introduction 



            
process.  It  encompasses  the  general  information  needed  for  WSN‟s  description,  nodes‟ 
       

  

           
           

for  the  WSN.  Moreover,  we  should  allow  the  users  to  access  the  WSN‟s  components  or  data 
               

              
y: “MyOntoService”. 

3.2 Background 


           
              


            

“network APIs” 
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After understanding the principles of SOA, let‟s see now how it can be used for WSNs. The new 

and processed for further decision making. Let‟s consider the example of a WBAN dedicated for 
             
             
               
            
              
               
  gency  servers,  and  relatives‟  hosts)  will  play  the  role  of  service 



                
assistance, let‟s consider that the smart home is equipped with indoor localization sensors. And 
let‟s consider that a fire occurs in the building where he
             

cannot be accessed by users outside the provider‟s system. Our approach will provide services to 
              


               

            






architecture may cause an overhead and affect negatively on the system‟s performance especially 
             
             
services  can  decrease  the  system‟s  performance.  Apparently,  giving  the  opportunity  to  share 


             
WSN‟s services
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3.3 Existing Service Ontologies   

3.3.1 OWL-S  

            
             
        
            

               


Figure 3.1-Top Level of the Service ontology

3.3.1.1 Service Profile 


                
             


 Functional aspect that determines the functionality of a service. The “hasProcess” object 
property, connects a “Profile” to a “Process” that has inputs, outputs, preconditions and 


              


http://en.wikipedia.org/wiki/DARPA
http://en.wikipedia.org/wiki/DARPA_Agent_Markup_Language
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3.3.1.2 Service Model 

class, “Process”, that indicates to the consumer what he must 









 

 

              


 

3.3.1.3 Service Grounding 



            


             
 
               
              


3.3.2 IoT Ontologies 
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3.3.2.1 IoT Information Model  

      



Figure 3.2-Typical OWL-S Semantic Web Service Interaction Model

Figure 3.3-Classes Hierarchy of IoT Entity


 location  or  location),  its  owner  (e.g.  individual  from  the  “faof”11  
global  identifier  (e.g.  an  individual  from  the  “dpedia”12     


11

12



Automatic Sensor Discovery and Management to implement effective mechanism for data fusion & data aggregation 




    cation  (device‟s  location  or  resource‟s  location),  a  description,  a  type 
     “AccessInterface”       
  “AccessInterface”          



               

             


Figure 3.4-IoT Resource Model
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Figure 3.5-IoT Service Model

3.3.2.2 Other IoT Models 


et al.
          

             
         13   

            
        
          


              
             


et  al.            
              

              


13www.geonames.org/ontology/
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Figure 3.6-Service ontology with important properties

Figure 3.7-Location Ontology
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Figure 3.8-Modules in the description Ontology 

et al.

           
different  estimation  models (“linear interpolation”, “Kalman  filter”,  “naive Bayesian learning”, 


             


             




              

             



            




             
            
             
             
et al.






Automatic Sensor Discovery and Management to implement effective mechanism for data fusion & data aggregation 



3.3.3 M2M Ontologies 

             
    as  “Thing”        
   




 

 

    


 

 

            
      
            


3.4 MyOntoService Ontologies 

Based  on  the  existing  semantic  solutions  for  services  „description,  we  conceive  our  Upper 
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Figure 3.9-M2M Information Model (60)

Figure 3.10-SenMESO ontology

3.4.1 MyOntoServiceProfile Ontology 
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3.4.1.1 Service Profile Model 


            
             
   hasServiceClassification
 ServiceProfileclass  and  the  domain  ontology.  In  that  way,  the  “Estimation” 
et al

              
             


             
   



          


 

              

   hasServiceCategory 


 

 

 

               


wants to use. Let‟s 
               


 

 

 

ServiceCategory
              
them to use the adequate service category based on their users‟ needs. If the client is requesting a 
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having same category and type. Let‟s say we have two sensors gathering the body temperature, 

           
Constraints

    
Or, in our ontology, each WSN has a contact. Thus, we didn‟t add the contact information to the 

  isEngaged        

of “MyOnServiceProfile” ontology.

3.4.1.2 Service Profile Ontology Description 

         “MyOntoServiceProfile” 


Object Properties: 

Table 3.1-MyOntoServiceProfile Object Properties

Object property Domain Range
Additional 
description

  
  
  
  

    
hasServiceParameter

    
hasServiceParameter

    
hasServiceParameter
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Figure 3.11-MyOntoServiceProfile Class Diagram

Data Properties: 

Table 3.2-MyOntoServiceProfile data properties

Data Property Domain Range Additional property
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3.4.2 MyOntoServiceProcess Ontology 











3.4.2.1 Service Process Model 





             
             
            


ProcessRelation
             
              


using  the  “Method”  class  from  OWL       
et alhasCalculationMethod




          
      Optional      
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can monitor the patient‟s heart rate. The 



data, the effect is a display on the mobile‟s screen of the relative and the post condition could be 
              


          
“hasParticipant”. This object property has two subproperties: “hasClient” and “performedBy”. 




or  application).    Thus,  we  added  the  object  property  “hasParticipant”  between  the  service 
            
hasConsumer hasProducer          


Figure 3.12-Service Process Class Diagram
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Figure 3.13-Entity sub-classes

3.4.2.2 Service Process Ontology Description 

The  “Atomic”  class  is  equivalent  to  “Process”  class  in  MyOntoSensProcess  ontology.  In 
addition, the “ServiceProcess” class is an abstract class that can be a composite, simple or atomic 


Object Properties: 

Table 3.3-MyOntoServiceProcess object properties

Object property Domain Range Additional Description

  

   
   
  
  
   
   
  
  
  
  
  
 
 
 

  MyOntoService:


 

 



Automatic Sensor Discovery and Management to implement effective mechanism for data fusion & data aggregation 



Data Properties: 

Table 3.4-MyOntoServiceProcess data properties

Data Property Domain Range

  

 

 

  

3.4.3 MyOntoServiceGrouding Ontology 


               


             
            


            
           

MessageElements
MessageOptions          
    

             
             


3.4.3.1 Service Grounding ontology description 

Object Properties: 

Table 3.5-MyOntoGroudingServie object properties

Object property Domain Range
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Data Properties: 

Table 3.6-MyOntoGroudingServie data properties

Data Property Domain Range

  

  

  

  

 

  

  

  

  

Figure 3.14-MyOntoServiceGrouding class diagram
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Figure 3.15-MyOntoServiceGronding sub-classes

3.4.4 MyOntoService Ontology 

           
previously  mentioned  ontologies.  It  contains  the  Service  class  described  by  the  service„s  name 
              
      
          


                 
That‟s why the objenable


Figure 3.16-Service Classes schema
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(Rule 3.1) Process(?P) -> Service(?P) 

 

(Rule 3.2) Sensor(?S), Atomic(?a), usedFor(?S, ?a) -> hasProducer(?a, ?S) 

 

(Rule 3.3) Process(?P), ServiceProfile(?P), ProcessID(?P, ?PID) -> ServiceID(?P, ?PID) 

 

(Rule 3.4-a) Process(?P), Security(?L), ServiceProfile(?P), hasConstraint(?D, ?L), hasData(?P, 
?D) -> hasConstraint(?P, ?L)  

(Rule  3.4-b)  Legal(?L),  Process(?P),  ServiceProfile(?P),  hasConstraint(?D,  ?L),  hasData(?P, 
?D) -> hasConstraint(?P, ?L) 

                  


(Rule 3.5) ServiceProfile(?P), BelongToCluster(?S, ?C), usedFor(?S, ?P), belongTo(?C, ?W) -> 
Engagedin(?W, ?P) 




(Rule 3.6) Simple(?P1), Simple(?P2), isAfter(?P1, ?P2) -> isBefore(?P2, ?P1) 

isRelativeof

(Rule 3.7) isRelativeof(?P1, ?P2) -> isRelativeof(?P2, ?P1) 

               


 3.5 Pre-Validation of the Upper Service Ontology 

         
    





                


             EHR 
archetype  agreedformal interoperable      
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3.5.1 Smart Home System description  

          
              


example,  the  home  server  or  the  user‟s  Smartphone).  The  data  can  be  treated  within  the  local 
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significant decrease in the acceleration amplitude. After this “freeperiod”, the acceleration 

               
suspected. A fall must start with a short free fall period. This causes the acceleration‟s amplitude 
            

in the graph. Thus, if the acceleration‟s amplitude crosses the lower and upper thresholds in the 

posture:  standing,  bending,  sitting  and  lying.  If  the  acceleration‟s  amplitude  is  equal  to  the 



    
               
MyOntoService  ontology  not  to  provide  the  ideal  solution  for  patient‟s  posture  detection 


Figure 3.17-Smart Home Architecture




home and using only one local server. Note that the details of the individuals‟ creation process 
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Figure 3.18-Reliationships between WSN, Nodes, Clusters &Persons individuals

3.5.2 Smart Home semantic individuals  


             
               

               
               
(WSN1_Patient1 “hasChild” WSN1_Contact1).

      
                 
               


(Rule 3.8) Person(?P), email(?P, ?email) -> UserID(?P, ?email) 



 WBAN1_MobileCluster1 identified by the mobile phone‟s MAC address. 
             
         


      



Because  more  than  one  patient  can  own  the  same  WSN,  the  object  property  “use”  between 
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“chest”.




     measuredFor     


Table 3.7-Process individuals

Process Data Data Type

  

  

  

  

The module of the linear acceleration “a” is deduced from Rule 3.9

(Rule  3.9)  Sensor(?S),  isMeasuredBy(?mes,  ?S),  usedFor(?S,  LinearAcceleration), 
hasData(LinearAcceleration, a), hasData(LinearAcceleration, ax), hasData(LinearAcceleration, 
ay),  hasData(LinearAcceleration,  az),  hasMesurement(a,  ?mes),  hasMesurement(ax,  ?mesax), 
hasMesurement(ay,  ?mesay),  hasMesurement(az,  ?mesaz),  TimeStamp(?mesax,  ?t1), 
TimeStamp(?mesay,  ?t1),  TimeStamp(?mesaz,  ?t1),  value(?mesax,  ?valax),  value(?mesay, 
?valay),  value(?mesaz,  ?valaz),  add(?res,  ?newax,  ?neway,  ?newaz),  multiply(?newax,  ?valax, 
?valax), multiply(?neway, ?valay, ?valay), multiply(?newaz, ?valaz, ?valaz), pow(?newres, ?res, 
0.5) -> TimeStamp(?mes, ?t1), value(?mes, ?newres) 
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(Rule  3.10-a)  Atomic(?Service),  WSN(?W),  Engagedin(?W,  ?Service),  hasOwner(?W,  ?P)    -> 
hasInputParam(?Service, PatientID), Optional(PatientID, false) 

(Rule  3.10-b)  WSN(?W),  ServiceProcess(?service),  hasOwner(?W,  ?Patient),  Engagedin(?W, 
?service) -> hasPrecondition(?service, UserPermission) 

            


(Rule 3.10-c) Sensor(?S), WSN(?W), Atomic(?Service), BelongToCluster(?S, ?C), measures(?S, 
?mes),  usedFor(?S,  ?Service),  belongTo(?C,  ?W),  Engagedin(?W,  ?Service)  -> 
hasResult(?Service, ?mes) 

              


Table 3.8-Service categorization by SWRL rules

Service Service Category SWRL rule

   



 


 



 


 



   


  
 



             
          
 

            
               

              
service profile “heart rate”, two simple processes have been created: average heart rate (AvgHR) 
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(Rule  3.11-  a)  ServiceProcess(MaxHR)  ->  hasCalculationMethod(MaxHR,  Max), 
hasInputParam(MaxHR,  PatientID),  hasOutputParam(MaxHR,  MaxHRValue), 
hasPrecondition(MaxHR, UserPermission), hasEffect (MaxHR,CallNotification)̀ 

(Rule  3.11-  b)  ServiceProcess(AvgHR)  ->  hasPrecondition(AvgHR,  UserPermission), 
hasCalculationMethod(AvgHR,  Average),  hasInputParam(AvgHR,  PatientID), 
hasOutputParam(AvgHR, AverageMesValue) 




             
the  patient‟s          
              
Status
   hasStatus Person Status    



Standing  (Rule  3.12-a)  WSN(?W),  ComposedOf(?C,  ?S),  usedFor(?S,  LinearAcceleration), 
hasData(LinearAcceleration,  a),  hasData(LinearAcceleration,  ay),  hasMesurement(a,  ?mesa), 
hasMesurement(ay,  ?mesay),  hasOwner(?W,  ?P),  isFormedof(?W,  ?C),  Engagedin(?W, 
LinearAcceleration),  uses(?P,  ?C),  TimeStamp(?mesa,  ?t1),  TimeStamp(?mesay,  ?t1), 
value(?mesa,  ?vala),  value(?mesay,  ?valay),  abs(?vala,  ?vala),  abs(?valay,  ?valay), 
greaterThan(?vala,  9),  greaterThan(?valay,  8.5),  lessThan(?vala,  10.5)  ->  hasStatus(?P, 
Standing) 

Lying  (Rule  3.12-b)  WSN(?W),  ComposedOf(?C,  ?S),  usedFor(?S,  LinearAcceleration), 
hasData(LinearAcceleration,  a),  hasData(LinearAcceleration,  ax),  hasMesurement(a,  ?mesa), 
hasMesurement(ay,  ?mesay),  hasOwner(?W,  ?P),  isFormedof(?W,  ?C),  Engagedin(?W, 
LinearAcceleration),  uses(?P,  ?C),  TimeStamp(?mesa,  ?t1),  TimeStamp(?mesax,  ?t1), 
value(?mesa,  ?vala),  value(?mesax,  ?valax),  abs(?vala,  ?vala),  abs(?valax,  ?valax), 
greaterThan(?vala, 9), greaterThan(?valax, 8.5), lessThan(?vala, 10.5) -> hasStatus(?P, Lying)

Falling (Rule  3.12-c) WSN(?W),  ComposedOf(?C,  ?S),  usedFor(?S,  LinearAcceleration), 
hasData(LinearAcceleration,  a),  hasData(LinearAcceleration,  az),  hasMesurement(a,  ?mesa1), 
hasMesurement(a,  ?mesa2),  hasOwner(?W,  ?P),  isFormedof(?W,  ?C),  uses(?P,  ?C), 
Engagedin(?W,  LinearAcceleration),  TimeStamp(?mesa1,  ?t1),  TimeStamp(?mesa2,  ?t2), 
value(?mesa1,  ?val1),  value(?mesa2,  ?val2),  greaterThan(?val2, 
9),lessThan(?val1,1),subtractDayTimeDurations  (?t3,?t2,?t1),  greaterThan(?t3,0), 
lessThan(?t3,1)->hasStatus(?P,Falling)
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Sitting(Rule  3.12-d) WSN(?W),  ComposedOf(?C,  ?S),  usedFor(?S,  LinearAcceleration), 
hasData(LinearAcceleration, a), hasData(LinearAcceleration, ax), hasData(LinearAcceleration, 
ay),  hasData(LinearAcceleration,  az),hasMesurement(a,  ?mesa),  hasMesurement(ay,  ?mesay), 
hasMesurement(az, ?mesaz), hasMesurement(az, ?mesaz) ,hasOwner(?W, ?P), isFormedof(?W, 
?C),  uses(?P,  ?C),  Engagedin(?W,  LinearAcceleration),  TimeStamp(?mesa,  ?t1), 
TimeStamp(?mesax,  ?t1),  value(?mesa,  ?vala),  abs(?vala,?vala),  value(?mesax,  ?valax), 
abs(?valax,?valax),  value(?mesay,  ?valay),  abs(?valay,?valay),  value(?mesaz,  ?valaz), 
abs(?valaz,?valaz),  greaterThan(?vala,  9),  lessThan(?vala,10.5),  greaterThan(?valax,6), 
lessThan(?valax,  8),  greaterThan(?valay,2),  lessThan(?valay,  5),  greaterThan(?valaz,  2), 
lessThan(?valaz,5) -> hasStatus(?P, Sitting)

Moving (Rule  3.12-e) WSN(?W),  ComposedOf(?C,  ?S),  usedFor(?S,  LinearAcceleration), 
hasData(LinearAcceleration,  a),  hasOwner(?W,  ?P),  isFormedof(?W,  ?C),  Engagedin(?W, 
LinearAcceleration),  uses(?P,  ?C),  TimeStamp(?mesa,  ?t1),  value(?mesa,  ?vala),  abs(?vala, 
?vala), greaterThan(?vala, 10.5), lessThan(?vala, 9) -> hasStatus(?P, Moving) 

DangerHR (Rule  3.12-f) Patient(?P),  ComposedOf(?C,  ?S),  measures(?S,  ?mes),  usedFor(?S, 
HR), uses(?P, ?C), value(?mes, ?val), Age(?P, ?Age), multiply(?x, 0.7, ?Age), subtract(?y, 208, 
?x), greaterThan(?val, ?y) -> hasStatus(?P, DangerHR)

             
simple processes:  “AccSmallerThreshold” and “AccGreaterThreshod”.   The minimum  and the 
        he  “AccSmallerThreshold”  and 
“AccGreaterThreshold”. These parameters are not given statically in order to permit the service 
             
  


The “AccelerationBaseFallDetection” composite process has the patient  ID for input parameter 
and  is  expanded  to  the  “AccSmallerThreshold”  and  the  “AccGreaterThreshold”.  It  has  a  call 


              


           
“CoAPCommunication”  of  type  CoAP  is  created  having  5683  as  port  number.  Moreover,  the
supportss created between “AccelerationBaseFallDetection” an
“CoAPCommunication”. 

3.5.3 Validating the Smart Home ontology using Pellet and SPARQL 

              

heart rate is 200, greater than the maximum heart rate. Thus “hasStatus DangerHR” is logically 


(SPARQL  3.1)  SELECT  ?Patient  ?Nodes  WHERE  {    ?Patient  wsn:uses  ?Cluster.  ?Nodes 
full:BelongToCluster ?Cluster}} 
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Figure 3.19-WSN1_Patient1 inferred properties

            
“IndoorLocalization” service.

Figure 3.20-Indoor Localization inferred information
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Figure 3.21-Node Discovery using SPARQL



measuredFor

(SPARQL  3.2)  SELECT  DISTINCT  ?Patient    ?Location    ?Time  WHERE  {  ?Patient  wsn:uses 
?Cluster.?Nodes  full:BelongToCluster  ?Cluster.?Nodes  full:usedFor  smart:IndoorLocalization. 
smart:IndoorLocalization  process:hasData  ?Location.?Location  process:hasMesurement 
?Mes.?Mes full:measuredFor ?Patient.?Mes rdf:type process:Measurement; process:value true; 
process:TimeStamp ?Time . Filter (?Patient = smart:WSN1_Patient1)} 

Figure 3.22-Patient Indoor Localization SPARQL query

   
in Protg doesn‟t retrieve inferred data. 





(SPARQL  3.3)  SELECT  ?Patient  ?Service  WHERE  {?WSN  wsn:hasOwner  ?Patient.?WSN 
smart:Engagedin ?Service.?Patient smart:enable ?Service.}  

Figure 3.23-Service Discovery SPARQL query
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3.6 Summary 

  new  upper  service  ontology  “MyOntoService”  is  proposed,  specified  and 
       ontologies:  “MyOntoServiceProfile”, 
“MyOntoServiceProcess”,  and  “MyOntoServiceGrouding”.    Reproducing  the  same  concept  as 
           

               
           

               
          

were  added  like  the  rules  for  the  atomic  services.  More  specific  rules  related  to  “Smart  home 
monitoring” systems are introduced. Finally, to pre
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4.CHAPTER 4- GLOBAL ARCHITECTURE  

4.1 Motivation & Needs 

              
           
           
            
designed  to  achieve  interoperability,  not  only  between  WSN‟s  components,  but  also  between 


WSN‟s in the Web of Things (WoT). In addition, 

          


 

           


 Provide faults‟ m

 

 

 


             

            
            
      
            
            


 
            
              
                

            
           
mechanism  and  process  for  automatic  node/service  discovery  as  well  as  WSN‟s  management. 
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4.2 State of art 

           

of  the  nodes  and  data  generated  by  WSN‟s  components.  These  efforts  are  summarized  in  this 
            


4.2.1 SOA for WSN 

et al.


Figure 4.1-Service Oriented architecture for WSN
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et al.  


Figure 4.2-TinySOA architecture
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Figure 4.3-TinySOA functions that can be called from any program via web services interface to access WSNs



et al.  


Figure 4.4-Service Oriented Architecture for WSN 
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Figure 4.5-Communication Stack

et  al.           

          
  
 


   et  al.        
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    et  al.         
           


           



            



 
            


4.2.2 Semantic SOA for WSN 

et  al.           
             



Figure 4.6-Semantic SOA Overview Architecture
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Figure 4.7-Collection and Integration Services

For the discovery and registration of a specic wrapper“getConnection”
“getNetworks”
               
network  identiers,  number  of        
“getNetworkFeatures” takes  as  input  parameter  the  network  identier  and  returns  the  system‟s 
            
           
  “getParameters”        
              
  “getPredicates”          

“requestProcessing”“getResults”



             
dened  translati   RDF  Wrapper  translates  the  le  into  an  RDF  document, 
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       “getFeasibility” 
“submitRequest”. “registerUser”“doNotification”. 
“”



Figure 4.8-OSWA layers

4.2.3 SOA for WBAN and medical systems 

4.2.3.1 ContoExam 

             
          14 
15         
              
4.9 depicts the classes‟ hierarchy of the ContoExam ontology. 

         


14

15
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for  communication  outside  the  local  system  by  representing  the  domain‟s  specific  prope
            


Figure 4.9-ContoExam classes

4.2.3.2 Continua Health Alliance 

           
members  across  the  world  aiming  to  „deve       
         
          
           

                 
            

             





 

 

 

 The sender/receiver can choose between multiple events‟ reports.
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LAN device. This  device aggregates and the bound PAN devices‟ information.  A  LAN 


 
           


         
          


Figure 4.10-Architectural design of semantic interoperability
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Figure 4.11-The Continua Alliance global healthcare architecture

4.2.3.3 MedCom 

             


            

            
            


2007 for the “Good Web Service” for general application in the healthcare sector based on the 

blic sector. All clients‟ requests 


4.2.4 Summary 
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s well as the nodes‟ 
             




 


 
            


               

              


4.3 The Layering Architecture 

           
            
             
             


4.3.1 Agents Definitions 

Let‟s  start  by  defining  the           
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Figure 4.12-OntoSensArchi Layers

In  summary,  the  Scanner  agent  decapsulates  the  message  sent  form  WSN‟s  nodes  or  outside 
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don‟t have to invoke other agents, we didn‟t separate the service writer and the 



          
              
           
              





             




                
             
             
                
isRelative hasContact     determine  the  user‟s 






experts‟  users  like  the  medical  staff  to  interact  with  this  architecture  and  add  specific  domain 
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LinkState
MemoEnergy
inCurrentMode

 
            
hasEffect






                
            
              
          
          







4.3.2 Process and data Flow 

              




4.3.2.1 Set up phase
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Let‟s
                 




al staff, WSN‟s responsible party, 
                 
WSN‟s  owner,  WSN‟s  location,  WSN‟s  application  domain,  etc.  (information  that  suits 
           
   


                
application‟s developer  based on their need to  setup  their network. 


4.3.2.2 Node Discovery Phase 

                 

              
functionality  of  the  system?  These  questions  should  be  answered  with  minimum  user‟s 




               
retrieve  the  node‟s  information  (MAC  address,  channel,  Firm  version,  etc.)  and  call  the  Node 
       
 the  object  properties  “BelongToCluster”  and  “BelongToWSN”   
             
dedicated  for  nodes‟  discovery  is  executed,        
                

               



           usedFor 



basic activities for node‟s automatic discovery.
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Figure 4.13-Setup Phase Use Case Diagram

Figure 4.14-Node's discovery basic activities
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      discovery  encompassing  the  node‟s  p
characteristics,  node‟s  atomic  service,  nodes‟  energy  characteristics,  etc.   
              


4.3.2.3 Measurement Collection Phase 



               
   

              


Figure 4.15-Periodic Data Collection


                
                
               
the user‟s request. 


     
               

               



4.3.2.4 Service Discovery Phase 
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Figure 4.16-Measurements Collection




             

to invoke the adequate writer agent. Going back to the previous example, let‟s say th

And let‟s also 


4.3.2.5 Service Processing Phase 

           

             
            


the adequate data (e.g. requester‟s email  to verify  the user‟s permission  to access  the data, the 
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4.3.2.6 Network Management 


 
is this possibility provided by our proposed architecture. Let‟s say
              
threshold. The WSN‟s manager can enter
             
              
the WSN‟s manager using the same GUI system via the 
                
the WSN‟s 


                
starting  from  just  monitoring  the  WSN‟s  characteristics  (SPARQL  queries),  passing  throug

automatic change in the WSN based on domain experts „requirements (SWRL rule).

4.3.3 Summary 





   



               
              

for elderly‟ fall monitoring is provided in the next section. 

4.4 Smart Home for Elderly’s fall monitoring
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Figure 4.17-Service Processing Phase
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  terminals  who  are  allowed  to  monitor  the  patient‟s  system  as  well  as 


              
              


4.4.1 Implementation assumptions: 


               
             


               
            
                 

               

               
calibration can be chosen by the system‟s developer. 

              


    
              

            

               

the application to the relative‟s phone. If the elderly person turns off the alarm
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Figure 4.18-Flow Chart of the Fall Detection

For  data  publishing,  the  CoAP  protocol  is  used  to  provide  the  patient‟s ,  the  patient‟s 
location, the patient‟s heart rate, the ambient temperature an




              
   



              




 JSON scanner and writer agents (to receive/send data from/to the patient‟s 
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 CoAP  server  agent  to  create  resources  (patient‟s  information)  and    
request from patient‟s relative and medical staff users

 users‟ S
         
             


 gent to notify medical staff and patient‟s relatives if 
             



 

Now  that  the  mobile  application  has  been  installed  on  the  patient‟s  smart  phone  and  his  local 
              



4.4.2 System’ phases



           


4.4.2.1 Setup Phase 



             


 



            
Localization demands a calibration phase to determine the patient‟s location.
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it to the patient‟s mobile, and 
WSNID
  PatientID



 

 

 “”“”

 “”

 “”


responds to external user‟s request. This 





 “”“”

               


 “” “” “”    
“”“”.



    

       “” “”  

“setup WSN” button in order to begin the setup process, 
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After  the  login  phase,  the  WSN  number,  the  patient  number,  and  the  patient‟s  personal 


Accordingly, the “Shared Preferences” solution 


Figure 4.19-Flow of Messages in Smart Home Initialization Phase

4.4.2.2 Sensor Discovery Phase 

                

              
                


          
             
              

               



played on the patient‟s 
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beacons‟             
               

              
registered for this room in order to locate the patient. The JW sends to the local server the rooms‟ 




having as title “Sensor” and containing the sensor‟s description (Process: acceleration, data rate: 


               
            
                




Figure 4.20-Sensor Discovery in Smart Home Scenario

4.4.2.3 Measurements Collection Phase 
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the system‟s support to  assist  the elderly (maybe he  


 
     
               

server having as title “Measurement”, and containing the “”“”
           
acceleration) with the value (e.g. “HR”: 117)
              
Server. The patient‟s posture will be 
              
patient‟s status is left to the patient to be filled in his

              


SPARQL  Query  4.1  SELECT    ?Status  WHERE  {  ?Patient  smart:hasStatus  ?Status.  Filter 
(?Patient = smart:WSN1_Patient2) 



Figure 4.21-CoAP Resource' Hierarchy

             
sends the relative‟s name, 

        isRelativeOf   
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4.4.2.4 Service Description Phase 

            





MaxHRFallDetection
               


4.4.2.5 Service Request Phase  


on the relative‟s mobile sends the patient‟s Gmail 
and the relative‟s Gmail to the cloud server. The 
               


SPARQL Query 4.3  

Select  ?WSN    where{  ?WSN  wsn:hasOwner  ?Patient.  ?Patient  wsn:isRelativeof  ?Contact. 
?Patient  rdf:type  wsn:Patient;  wsn:email  ?email;    Filter  regex(?email, 
"lina_nachabe@yahoo.com").  ?Contact  rdf:type  wsn:Person;  wsn:email  ?Contact_Email;  
Filter regex (?Contact_Email, "sahar_assaf@gmail.com").} 

ed as patient‟s relative and, 
             
              

the measurements on the relative‟s mobile application.
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Figure 4.22-The process of getting measurements on the relative's application

4.4.2.6 Notification Phase 


  Falling DangerHR         




the notification to all users‟ app.

 

 

 



 


 



                  



How the notifications are generated and received? 
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be used later on each time a notification should be sent. Second, on the relative‟s application
    
              

                
response  of  the  user‟s  request.          
              
              
                


SPARQL  Query  4.4  Select  ?Contact_Email  where{  ?WSN  wsn:hasOwner  ?Patient.  {?Patient 
smart:hasStatus  smart:Falling}  UNION  {?Patient  smart:hasStatus  smart:DangerHR}.  ?Patient 
wsn:isRelativeof ?Contact. ?Contact rdf:type wsn:Person; wsn:email ?Contact_Email; } 


                 
             




4.4.3 Tests and Results 

            
            

two different patients‟ mobile. For each patient

              
were  implemented  in  three  different  zones  at  the  patient‟s  home.  We  will  illustrate  only  one 
patient‟s screen shuts where he



                
support “subtractDayTimeDurations” expression, thus the status “Falling” could not be retrieved. 


 op  and  cannot  classify  the  individuals  due  to  the  use  of  “abs”  expression.  Or,  this 
expression  is  used  in  all  the  rules  related  to  the  “Status”.  When  removing  these  rules,  the 

“Status Agent”
the patient‟s status. Then, it invokes the CoAP Writer to send the value to the CoAP server. In 




Automatic Sensor Discovery and Management to implement effective mechanism for data fusion & data aggregation 



              
When opening the patient‟s application for the first time, 



Figure 4.23-Notification Process

Figure 4.24- First Page of OntoSmartHome 

application

Figure 4.25-Creating  a  new  WSN  and  a  new 

Patient

          detects  the  patient‟s  mobile 




Automatic Sensor Discovery and Management to implement effective mechanism for data fusion & data aggregation 



Figure 4.26-Creating Clusters and Nodes


“setup  WSN”  button  i            
                
             
              
 


Figure 4.27-OntoSmartHome Login Page
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Figure 4.29- Server processing for creating Indoor Localization's individuals






 

Figure 4.28- OntoSmartHome Indoor Localization 
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IndoorLocalization
            
                


        AddRelatives     


               
               
installed  “Polar  Beat”  application  to  compare  the  heart  rate  displayed  on  the  relatives‟  smart 


       


The  patient‟s  application  was  tested  for  about  1  hour,  the  battery  consumption  was  about  5%, 




s well as all basic services. On the relatives‟ side 


 
be made using AndroJena. However, it doesn‟t support Pellet reasoner neither SPARQL queries. 
     “OntModelSpec.OWL_MEM_MICRO_RULE_INF” 



  


Figure 4.30-H7Polar discovery
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Figure 4.31-OntoSmartHome home page

Figure 4.32-Clusters Individuals & Properties created on the Local Server
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Figure 4.33-Measurements individuals created on the server

Figure 4.34-Nodes Individuals & Properties created on the server
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Figure 4.35-Atomic Process individuals created and inferred on the server
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5.CONCLUSION & FUTURE WORKS 

Summary 

            



             


         
          
              


calories  burned,  track  their  route  and  inform  them  about  neighbour‟s  runners.  This  m
            
             

Thus the smart phone‟s battery consumption is decreased.
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setup  the  nodes  and  enter  his/her  personal  information,  and  one  for  the  patient‟s  relative  for 
            

           
           
           


      
            



             

              

less smart phone‟s battery consumption.


                


                



to the WSN‟s gateway, thus, reducing useless data transmission. More investment can be done to 
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Future Works 

  




         



              

         









Finally, as hash tag “#” was just a sign used for “pound”, 


This  same  “#”  used  to  create  resources  in  ontology  can  change  how  people  are  dealing  with 
WSNs.  WSN‟s  nodes  and  data  c      
              
WSN‟s  in  the  virtual  world  is  becoming  a        


leading to more lazy persons? Maybe, time will answer….
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