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ABSTRACT

‘This paper designs a service-oriented wireless sensor network ontology model which can be used as a knowledge base in future ubiquitous
computing. In contrast to legacy approaches, this paper defines the new service classes (ServiceProperty, LocationProperty, and
PhysicalProperty), as well as their properties and constraints that enable the service-oriented service based on service items. The service item
merging between the proposed model and the legacy ontology was processed using the “equivalentClass” object property of OWL. The
Protégé 3.3.1 and RACER 1.9.0 inference tools were used for the validation and consistency check of the proposed ontology model,
respectively, and the results of service query was applied to the newly defined property in SPARQL language without reference to the
propetties of legacy ontology.
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I. INTRODUCTION

Sensor networks are dense wired or wireless networks for
collecting and disseminating environmental data. They
consist of a large number of sensor nodes that are connected
to central processing nodes called gateways. These networks
are characterized by three main features.

First, they are highly dense so that hundreds or thousands
nodes may be deployed in limited geographical areas. These
nodes return huge amount of data that must be efficiently
searched to answer user queries. Unfortunately, classical
information retrieval techniques showed poor performance
in searching sensor networks data as they return many false
positives / negatives.

Second, many of the captured data are analogous in
nature making the chance of finding a specific term quite
good. Most sensors are characterized by similar calibration
mechanisms that can be described using different terms.
String matching search techniques may not retrieve all
relevant data because different words / terms were used that
did not match directly the term. This compromises the
performance of the search engine. A big improvement in
search engine performance could be achieved if these
relationships are captured and utilized, and this is exactly
- what ontology can do. This was demonstrated in some recent
work on the use of process ontologies [1, 2, 3, 4, 5] that
showed an increase in the precision of service discovery
queries when semantic representations were used over
syntactic representations.

Third, high filtering must be required when either the user
makes full use of this information or the provider offers the
user this information because legacy sensor ontology has
been designed to manage the sensor networks resources
under focus of physical approach. However, first of all, the
user will be expected that they much prefer property
information (temperature, humidity, pressure, and so on) to
physical information of sensor networks in future ubiquitous
environments [6]. And the rest, they may need the location
property joined with property information.

Therefore, this paper designs the service-oriented sensor
ontology model which can be used as knowledge base in
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future ubiquitous computing. In different to legacy
approaches, we defined the new service classes
(ServiceProperty, deationProperty and PhysicalProperty),
its properties and constraints to enable the service-oriented
service based on service items. Merging related to service
item between proposed model and legacy ontology
(Geography Markup Language (GML), Sensor Web
Enablement (SWE), SensorML and Suggested Upper
Merged Ontology (SUMO) and OntoSensor ) also processed
using the “equivalentClass” object property of OWL. Even if
service-oriented service data focused on sensing data has
differences with Open Geospatial Consortium (OGC),
SUMO, OntoSensor, ISO 19115 and IEEE 1451, it has
compatibility with them under semantic technologies. We
also presented the validation and consistency check of the
proposed ontology model using Protégé 3.3.1 and RACER
1.9.0 inference tool, respectively, and indicated the results of
service query which was applied the new defined properties
in SPARQL language without reference to properties of
legacy ontology.

The rest of this paper is organized as follows. Section 2
introduces the background of ontology design and section 3
highlights related work in semantic sensors data. Section 4
describes the initial taxonomy for sensors data and details
the development stages. Section 5 presents the validation
and consistency check of the proposed ontology. Finally, we
conclude in section 6 by summarizing the preliminary
validation of the proposed ontology and recommending

directions for future work.

1. BACKGROUND

The term ontology can be defined as “an explicit formal
specification of a shared conceptualization”[7]. An ontology
comprises three components: first, classes or concepts that
may have subclasses to represent more specific concepts
than in super-classes, second, properties or relationships that
describe various features and properties of the concepts, also
named slots or roles, third, restrictions on slots (facets) that
are superimposed on the defined classes and / or properties
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to define allowed values (domain and range).

- Individuals can be defined simply as instances of the
classes and properties. The ontology together with a set of
instances of classes and slots constitute the knowledge base.
Reference [3] presents a detailed description of the
development stages of ontologies. Also, many advantages of
ontology design are explained in [8], including: sharing
common understanding of the structure of information
among people or software agents, enabling reuse of domain
knowledge, making domain assumptions explicit, separating
the domain knowledge from the operational knowledge, and
analyzing domain knowledge. |

On the other hand, there exist several arguments and
challenges, among which are the lack of an agreed-upon

taxonomy and quantitative evaluation procedures.

II. RELATED WORK

Despite the amount of research devoted to ontology
design and development, very little attention has been paid
to semantic representation of sensor networks data. The idea
of using ontology-driven information system for sensor
networks is not entirely new. The work in [3] presents an
attempt to capture the most important features of a sensor
node that describes its functionality and its current state. The
ontology describes the main components of a sensor node
such as processor CPU and memory, power supply, and
radio and sensor modules. |

A step further in ontology-based sensor nodes is
presented in [9] and [10]. The researchers in [9] define an
ontology that integrates high level features that characterizes
sensor networks for customizing routing behavior. The
proposed ontology describes the network topology and
settings, sensor description, and data flow.

Again, there is no mention of sensor data. Subsequent
work like [11] is an effort in the direction of facilitating
semantic-service oriented sensor information systems. The
notion of ontology used in this research is to capture the
information about physical entities that sensors sense and
their relationships.

The IEEE 1451 is a family of proposed standards that
provide a single generic interface between a transducer and
external network protocol in use [12]. The IEEE 1451
standard family uses Transducer Electronic Data Sheet
(TEDS) to capture sensor characteristics, such as transducer
identification, calibration, correction data, and manufacturer
related information. Consequently, much of the knowledge
captured by the ontology desctribes the widely accepted
IEEE 1451 TEDS templates.

On the other hand, SensorML imports the OGC’s GML
and SWE, and has various terms, but it is not ontology based
but rather XML-based. So inference based on ontology is
impossible [13].

More than these, relation researches that take advantage
of semantic web technology are developing network
Ontology at wireless sensor network on focus of hardware
resource or resource management. But the future of this
papet,
environment, the ontology of the building is required.

presented in a ubiquitous service-oriented

IV. THE PROPOSED ONTOLOGY

4.1 Design concept

It is possible for user participation in networking at
anytime and anywhere through portable devices under
ubiquitous environments like Figure 1. Therefore, the user is
able to get the information immediately which is provided
from sensor nodes in WSNs, and we can think the following

questions at this time.

- Is providing information from sensor nodes what either
sensor node ID like “0001” or value of temperature like
“15”7

- And also is any additional available? If so, Is it physical
information?

- Where does the user utilize the physical information?
Generally, user expects the value of temperature like

15" for above questions and hopes that it will be displayed

on portable device in addition. Therefore, sensor ontology
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of this paper focused on service-oriented approach like
Figure 1.

PhysicalP ro@
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User

Service-Oriented O ntology
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Fig. 1 Service-oriented ontology based on legacy
sensor ontology

4.2 Service-oriented properties

Sensing data is different to sensor data. The meaning of
the service-oriented property is sensing data which is
expected by the user.

For example, the temperature value “15” which is
captured by a temperature sensor in the field, is
service-oriented property, and CPU type, memory size,
sensing mechanism, battery power, actuator and transducer
are sensor data as legacy ontology in Figure 1. As recent
researches, the approach of sensor ontology has designed to
focus on physical sensor information like Figure 2 [5].
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Fig. 2 Taxonomy for the sensor hierarchy ontology
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Therefore, we defines service-oriented ontology
(ServiceProperty, LocationProperty, and PhysicalProperty)
using service-oriented propetties like Figure 1. In addition,
equivalent classes about the service-oriented classes are
derived from legacy sensor ontology including great many
sensor and property data, provides the compatibility with

service-oriented classes for service-oriented service.

4.3 Ontology design

The ontology development follows an evolving prototype |
life cycle rather than a waterfall or an iterative one. This
implies that one can go back from one stage to another stage
in the development process as long as the ontology does not
satisfy or meet all the desired requirements. The usually
accepted stages through which ontology is built are:
collecting vocabulary commonly used, identifying an initial
taxonomy, adding restrictions and axioms, consistency
checking, incremental modifications, and evaluation [14].
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Fig. 3 Terms for proposed ontology model

Our main sources for collecting commonly used terms in
service domain are the GML, SWO, SensorML, SUMO and
OntoSensor. We also designed the serviced-oriented sensor

~ontology based on subsection 4.1 and subsection 4.2 like

Figure 3. |

We imported the GML, SWO, SensorML and
OntoSensor terms based on GOC and SUMO, respectively,
defined the serviceProperty, LocationProperty and
PhysicalProperty classes and linked the relationships with
legacy ontology using “owl:equivalentClass” property for
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Fig. 4 Proposed ontology model

service-oriented service. “owl:equivalentClass” is a built-in
property that links a class description to another class
description. The meaning of such a class axiom is that the
two class descriptions involved have the same class
extension (ie., both class extensions contain exactly the
same set of individuals). And "Parameter::Quantity” implies
that "Quantity” class is the sub class of the "Parameter” class

in Figure 3.

¥ 1. &M 2lAE
Table. 1 Propemes list

Domain Property Name Range
hasl.ocation L ocationProperty
Service hasDevice PhysicalProperty
hasLongitude p2:Longitude
haslLatitude p2:Latitude
Location hasCRS p2:CRS
Property hasGeopoliticalArea | pl:GeopoliticalArea
hasWaterArea p1:WaterArea
hasLandArea pl:LandArea
Physical | hassensor ggifnsfc{;t? |
Property _ .
hasMeasuringDevice | pl1:MeasuringDevice

The next step is to take the list of concepts as described by
the identified terms and form the initial class taxonomy. This

implies looking at whether a concept is a sub-concept of

another one or not. Figure 4 shows our initial taxonomy after
adding design concepts. Concepts were added one at a time,
structuring the taxonomy as needed to accommodate each
concept. Notice that the links from classes to their
sub-classes represent properties that are listed i Table 1. For
the link from LocationProperty class
p2:Longitude class represents the property “hasLongitude”.

instance, to

4.4 Properties and Constraints
Relationships among classes are usually referred to as
(for further

classifications, refer to [14]). A property links an individual

properties description of properties
from its domain to an individual of its range. For example
the has-Service property links the ServiceProperty class to

either Humidity or Pressure, or Temperature classes.

V. IMPLEMENTATION AND VALIDATION

5.1 Ontology for preparation

For in this Section, we present our technical judge of the
designed ontology by performing the tests mentioned in
Section 1. The experimental evaluation is validating the
ontology (checking for logical inconsistencies) and querying
the services.

Imported ontology (SUMO and OntoSensor) for our
service-oriented ontology showed in Figure 5.
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5.2 Protégé and RACER

To implement the constructed taxonomy an ontology
development tool, called Protégé [11] is used to build and
edit the ontology. The knowledge repreSentation language
for modeling the various data types of sensor data is
OWL-DL. We manually add classes to the ontology by
creating ServiceProperty, LocationProperty and Physical
Property classes and all their sub-classes, and also linking
relationships with legacy ontology using created object
propetties and “owl:equivalentClass” property. The
constructed class hierarchy is called the manually created

classification hierarchy and is shown in Figure 6.
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Fig. 6 Hierarchy of the proposed ontology
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As a validation tool, we used RacerPro because of its
strong reasoning capabilities and interoperability with
Protégé. The manually created class hierarchy is fed to
RacerPro whose main responsibility is to automatically
compute the inferred class hierarchy (called asserted
ontology) based on the description of classes and
relationships. To perform the subsumption test, both Protégé
and RacerPro should be up and running.

Having started RACER, the ontology now can be sent to
the reasoner to automatically compute the classification
hierarchy (called taxonomy classification), and also to check
the logical consistency of the ontology. We should
distinguish two ontologies: the manually constructed class
hierarchy (developed according to previous section) and the
Figure 7. Logical conmsistency checking automatically
computed one, both must be identical if the subsumption
classification is error free.

On the other hand, if the ontology has inconsistencies, the
logical consistency check test must be able to detect them. A
snapshot of Protégé is shown in Figure 7 where the
inconsistent class does not appear. If there is the inconsistent
class, then the bullet of the class 1s marked in red.
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Fig. 7 Logical consistency checking

5.3 Query results

As a query language, we used to SPARQL query
language which is provided and plugged-in to Protégé.
SPARQL can be used to express queries across diverse data
sources, whether the data is stored natively as RDF or
viewed as RDF via middleware. It also contains capabilities
for querying required and optional graph patterns along with
their conjunctions and disjunctions, and also supports

extensible value testing and constraining queries by source
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RDF graph. The results of SPARQL queries can be results
sets or RDF graphs.

Figure 8 showed the query results about temporary
service query related with equivalent class. And we have
following question: “Is there anything service at current

location?” when we are somewhere.

# 2. SPARQL ZE<e|&
Table. 2 SPARQL query statements

prefix
sn:hittp-//service.sensorontology.com/ontology/uServicetest owl#
//---..using object properties ---..
Select ?service ?property ?individuals ?location ?value
Where { ?service ?property ?individuals .

?service sn:hasService ?individuals .

?individuals ?type ?value .

filter ({(?type = rdftype)) }

In here, current location, based on longitude and latitude,
is the same location as its own portable device. Therefore,
service query can be makes as Table 2, and its results were
showed like Figure 8.

Kot

service | property | individugis tocation L value
& service _1 B hasService & nTHumistty 3 4 o1 CRS 4 Humiclity
4 service_1 T hasService @ piHumidty 3 @ piCRS 4 80
i service_1 i hasService & pZ Humidty 3 & ol CRE 4 %
0 service_4 4% hasService @ pdHuriciy 4 @ pUORS S Humidity
4 service_4 B hasService @ ©2 Humigity_4 & o CRE 70

‘1'.]'1 lf.H '

' 4 service_4 & hasService 4 n2Humidity 4 € piCRR %
& service_3 BB hasService & p2 Tempsraturs & @ 2 RS B Tempersture
& service_3 3| hasService @ pZTemperaturs £ 4 piCRZ 6 20
& service_3 3 hasService € plTemparatrs 5 4 piCRI B certigrade
‘"wﬁéé_ﬁ BB hasService @ plTemperstrs 7 £ plORS 4 Temperature
& service_6 Bl hasService & po Temperature 7 pl ORS 25
4 service_6 B hasService § vl Temperaturs 7 € p10RS 3 centigrade

a8 8. MujAX|gk 7{gt Aeo| Ax
Fig. 8 Temporary query results based on
service-oriented

VI. CONCLUSION AND FUTURE WORK

The semantic representation of wireless sensor networks
data is an exciting vision that enables structured information
to be interpreted unambiguously. Precise interpretation is a
necessary prerequisite for automatic search, retrieval, and
processing of sensor data and sensing data. For ubiquitous
computing, this paper is the first attempt to define ontology

for describing concepts and relationships of the wireless
sensor networks based on service-oriented services.

The benefits of our work are to classify the property and
improve the approach about the sensor ontology for
service-oriented service in the future ubiquitous computing.

As for future work, we are considering extending the
ontology so that it describes the entire available property
base on user preference; including URL and UFID location
property. Moreover, we plan to test the effectiveness of the
ontology approach by quantitatively measuring the
improvements in the property and recall rates of a search
engine when utilizing the ontology against traditional
string-based searching approaches. This effort will be a
further step in the direction towards enabling ubiquitous
services to access and process sensing and sensors data.
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