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Abstract —One of the key enablers of service capabilitiesin  following the ETSI approach. Parts of formal model

Machine-to-Machine (M2M) communications which can be  description with the OWL language are presented. The
reused by different applications are data models. Data models  ¢gnclusion summarizes our contribution.

explicitly determine the structure of data exchanged between
M2M applications. The paper presents an ontology based model

of home appliance power control. The model presents the II. THEETSIAPPROACH TOMODELING M2M
domain knowledge as a set of concepts and the relationships
between concepts. The model description is formalized using SEMANTIC DATA

Ontology Web L anguage (OWL).
i guage( ) In (ETSI TR 101 584), it is outlined the approach to

Keywords —M achine-to-M achine Communications, Semantic ~modelling M2M semantic data. The main guiding principles
infor mation, Formal representation are separation of the abstract information model from its
representation in the ETSI M2M resource structure and
separation of domain-specific knowledge from instance-

|. INTRODUCTION specific data. The synthesis of data abstraction needs to be

fﬁstance—specific data can be understood without any further

ob_]e_ct!v_e s to Increase th_e comfort OT residents, _W_h'lﬁ-priori knowledge, and different applications can interact on
minimizing energy consumption and reducing costs. This |d%fre bases of common domain model

already embedded into another technological concept, namely-, 1 <h th truct f ETSI d . i
Machine-to-Machine (M2M), acquires clearly defined an noil?/l.edgse ows fhe  striucture o omain - spectiic

realizable projection in many areas of our daily lives [1], [2],
(3], [4].

The potential of M2M system to provide applications wit .
capabilities to discover, interpret and use data from sm Thing

is subtype of

isof

objects (M2M data) is essential for the creation of high-level A returns
M2M services and for the development of an open M2M data Nasattribute u
market. To enable data transmission in an M2M system, it is Attrib *
necessary to synthesize semantic information. Through such _ Output
semantic information, applications can discover data without hastype !
prior knowledge about their existence [5]. T *

! . Value hastype

In this paper, we present a structural approach to semantic T <

annotation for power control of appliances in a smart home.
Survey on research works in the area shows that adding
semantic information to a system can be done in various Metadata

forms [6], [7], [8], [9], [10]. Our approach is to focus on what

is sensed and acted upon and it does not limit the M2M ) -

system to considerations of a sensor network. Devices are Fi9-1 Structure of domain specific knowledge (ETSI TR 584)

modeled by a generic approximation with minimal _ ) _
information and the system should be able to integrate thenONtology is used to express the information represented by

using this information. This semantic information describe’d" application domain model. The model identifies Thing
the devices as things which may be considered as devi¥ges, which have attributes, data about data (metadata) and
shadows in a M2M system. implements operations which require inputs and return outputs

The paper is structured as follows. First we present t19f value types. Attributes, metadata, inputs and outputs have

ETSI approach to structuring semantic data of domaiff€rtain value types.
specific knowledge. Next we describe the ontology for the

power control in a smart home. Then we model the data|||. ONTOLOGY FORPOWER CONTROL IN A SMART
HomE

hastype
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Let us consider a home energy saving system (HESS)
hose general purpose is energy saving through power
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control on electrical appliances at home. For example, HESS ElectricalAppliance Type

may control the heating, cooling and ventilation home systems - :

and the hot water tanks. For heating and cooling the energy 532;\/'(:%'(%perat'on

saving is achieved by small changes in the referenced Usage

(preferred by the home owner) temperature during predefined

time periods when nobody is at home or everybody sleeps powerOn()

[11]. The ontology web that represents the domain knowledge T

is shown in Fig.2. | |

Cooler Type Heater Type

Cooler State Heater State
cool ToRef() heat T oRef()
heat T oEcon() cool ToEcon()
recool ToRef() reheat T oRef()
switchOff() switchOff()

Q

I
AirConditioner Type

AirConditioner State

0 O

Kitchen Type| |Bedroom Type| |LeavingRoom Type

Room Type

Fig.2 Ontology web for power control in a smart home
9 9y P ControlledTemperature

Vantilation

The basic concepts in the domain of power control in a OccupancySchedule

smart home are as follows. A house has rooms, a room has
windows and doors, a room has electrical appliances that may

be remotely controlled. The room may be a kitchen, a living Door Type Window Type
room, a bathroom, a toilet _and a bedroom. The hpme owner S S WindowState
may define power shedding schedule for heating/cooling :

control and a policy stating that if a room door or a room openDoor () openWindow()
window is open, the heater/cooler has to be switched off. closeDoor () closeWindow()

Fig.3 Domain information model of controllable appliances
IV. DOMAIN-SPECIFICMODEL FORPOWER '9 n : ppli

CONTROL IN A SMART HOME The CoolerStateattribute of theCooler type indicates the

cooler state (e.g. powered off, standby, etc.).

The domain specific model defines Thing types, Thing type The Coolertype implements the following operations. The
attributes and operations. Fig.3 shows the domain-specitt@olToRef operation instructs the cooler to cool to the
model of power control of electrical appliances in a room.  referenced temperaturg.T(the temperature preferred by the

The ElectricalAppliancetype has the following attributes. home owner) and it requires.gas an input. ThaeatToEcon
The ElectricalOperationattribute may have on-off or on-off- operation instructs the cooler to switch off while the room
standby values. TheUsageMode attribute may have temperature increases by a small amonhtd realize energy
autonomous or manual (user directed) values. UBage economy and it requires as an input and, &, as an output.
attribute may have periodic, permanent or semi-randofhe recoolToRef operation instructs the cooler to re-cool to
values. Only electrical appliances that have autonomous usage referenced temperature and it requirgs & an input.
mode and on-off-standby electrical operation may b@milarly, the Heater type implements the following
controlled remotely. Th&lectricalAppliancetype implements operations. TheheatToRef operation instructs the heater to
the following operation. ThepowerOnoperation is used to heat to the referenced temperatufg Bnd it requires I; as
power on the appliance, while tpewerOff operation is used an input. ThecoolToEconoperation instructs the heater to
to power off the appliance. A controllable appliance such assaitch off while the room temperature decreases by a small
cooler, heater, air conditioner, ventilation system and hainount {) to realize energy economy and it requiteas an
water tank, when is powered on, goes in a standby state.  input and T, as an output. TheeheatToRef operation
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instructs the heater to reheat to the referenced temperature arfeigure 5 describes the part of of the relationships between

it requires Ter as an input. ThéleaterStateattribute of the
Heater type indicated the heater state. B&boler type and

Heatertype implement thewithOff operation which instructs
information about

the appliance to switch off. More
heating/cooling control may be found in [11].
The Room type has the following attributes.

bedroom is a heated one. TWentilation attribute indicates
whether the room has a fan that pumps the air or not.

OccupancySchedulgtribute indicates occupancy schedule of

the room. Théoor type implement®penDooroperation and
closeDoor operation and it has BoorState attribute. The
Window type implements openWindow operation and
closeWindowoperation and it has\WindowStateattribute.

V. FORMAL DESCRIPTION OF THEDOMAIN-
SPECIFICMODEL

The
ControledTemperaturattribute indicates whether the room is
heated or not, e.g. the toilet is an unheated room, while t

declared individuals, classes and attributes.
Figure 6 shows the data type declarations and definitions.

V1. CONCLUSION

Data models representing semantic information of the
amain specific knowledge allow information sharing
etween different applications. We propose a structural

proach to modeling semantic information for power control

electrical appliances in a smart home. A target physical
system with distributed monitoring sensors and controlling
actuators is represented in the digital world as a set of things
which might be controlled or monitored by M2M applications.
Things are identified by approximation to a generic model and
the M2M system integrates them on the basis of semantic
information. Using domain-specific ontology, we define
things types, which have attributes and implement operations
with input and output parameters. The data model is formally
described by OWL and verified by the use of the Protégé tool.

This section describes parts of the formal description of the
proposed semantic information model of air conditioner
device using OWL 2.

The description of the domain-specific model for powg
control of electrical appliances in a smart home is formaliz %i]
by the OWL (Ontology Web Language) which is used to
represent ontologies in the web. OWL is a language based on
computational logic, so that the knowledge expressed in OWL
can be analyzed by a computer program in order to verifs]
compliance of this knowledge and turn it from implicit to
explicit [12]. OWL ontologies can be published on the World
Wide Web and can refer to other ontologies or directed lfy
them. !

The software product Protégé is used for the creation and
verification of the ontology of the domain-specific model for
power control in a smart home. The product fully complieg]
with the standardized specification of the WWW Consortium
to create OWL 2 and RDF descriptions [13].

Every "thing" in the OWL world is a member of the clas$°]
owl:Thing. So, every class is implicity a subclass of
owl:Thing. Class definition has two parts: a name and a list of
restrictions. Instances of the class belong to the intersection: gf
these restrictions. Element subClassOf is a down of possigfl
restrictions. Instances are members of classes.

The properties allow describing the general relations for
class members and specific facts about instances. There are
two types of properties: [7]

e properties of the types of data that describe the
relations between instances of classes and RDF
literals and XML Schema data types; (8]

e properties of objects that describe the relations
between instances of two classes.

When defining the properties, e.g. relation, there are
different ways to impose restrictions. As the relations if9]
mathematics, properties are defined with domain (domain)
and the range of values (range).

Statements in Figure 4 declare a fragment of nam?{jo]
individuals, classes, and object properties.
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Declaration ( NamedIndividual ( :TheAirConditioner )} )
Declaration { Class ( :AirConditioner ) )

Declaration { Class ( :Appliance ) )

AnnotationAssertion { rdfs: comment :Appliance “Represents the set of all appliances.” )
Declaration ( ObjectProperty ( :hasUsage ) )

Declaration ( ObjectProperty ( :hasElectricalOperation ) )
Declaration ( ObjectProperty ( :hasUsageMode } )
Declaration ( ObjectProperty ( :hasAirConditionerlD ) )
Declaration ( ObjectProperty ( :implementsCooling ) )
Declaration { ObjectProperty ( implementsReheating ) )
Declaration ( ObjectProperty ( :implementsHeating ) )
Declaration { ObjectProperty ( :implementsReCooling ) )
Declaration ( ObjectProperty ( requiresTref ) )
Declaration { ObjectProperty ( rrequiresDelta ) )
Declaration ( ObjectProperty ( requiresTrefminus ) )
Declaration ( ObjectProperty ( requiresTrefplus ) )
Declaration ( ObjectProperty ( requiresTrefplus ) )
Declaration ( ObjectProperty ( requiresTrefminus) )
Declaration ( ObjectProperty ( returnsTrefminus) )
Declaration ( ObjectProperty ( returnsTrefplus ) )

Fig.4. Declarations related to OWL description of air conditioner information model

SubClassOf ( :AirConditioner :Appliance)

ClassAssertion { :AirConditioner :TheAirConditioner)
SubObjectPropertyOf ( -requiresTref :implementsCooling)
SubObjectPropertyOf ( :requiresDelta :implementsCooling)
SubObjectPropertyOf ( -returnsTref- : implementsCooling)
SubObjectPropertyOf ( rrequiresTref- [implementsHeheating)
SubObjectPropertyOf ( -requiresDelta :implementsReheating)
SubObjectPropertyOf ( -returnsTref : implementsReheating)

Fig.5 OWL relationships description in the an air conditioner information model

Declaration { Datatype ( :UsageMetadata )

Declaration { Datatype ( :ElectricalCperationMetadata )

Declaration ( Datatype ( :UsageModeMetadata )

DatatypeDefinition (
:UsageMetadata
DataOneaOf ( "1"Mxsdiinteger “2"*xsd:integer “3"*xsd:integer”
Annotation (rdfs:comment “1 means permanent, 2 means semi-random, 3 means periodic™ )
)

)

DataPropertyRande (:requiresDelta xsd:nonNegativeFloat)

DataPropertyRande ( :hasAirConditioner|D xsd:nonNegativelnteger)

Fig.6. OWL data type declarations and definitions in the air conditioner information model



