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Abstract – One of the key enablers of service capabilities in 
Machine-to-Machine (M2M) communications which can be 
reused by different applications are data models. Data models 
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 
domain knowledge as a set of concepts and the relationships 
between concepts. The model description is formalized using 
Ontology Web Language (OWL).  
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I. INTRODUCTION 

In recent years, the concept of creating more smart homes 
gained popularity. Smart Home has a certain degree of "inte-
lligence" which serves people living in the home. The main 
objective is to increase the comfort of residents, while 
minimizing energy consumption and reducing costs. This idea 
already embedded into another technological concept, namely 
Machine-to-Machine (M2M), acquires clearly defined and 
realizable projection in many areas of our daily lives [1], [2], 
[3], [4]. 

The potential of M2M system to provide applications with 
capabilities to discover, interpret and use data from smart 
objects (M2M data) is essential for the creation of high-level 
M2M services and for the development of an open M2M data 
market. To enable data transmission in an M2M system, it is 
necessary to synthesize semantic information. Through such 
semantic information, applications can discover data without 
prior knowledge about their existence [5]. 

In this paper, we present a structural approach to semantic 
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 
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 
modeled by a generic approximation with minimal 
information and the system should be able to integrate them 
using this information. This semantic information describes 
the devices as things which may be considered as device 
shadows in a M2M system. 

The paper is structured as follows. First we present the 
ETSI approach to structuring semantic data of domain-
specific knowledge. Next we describe the ontology for the 
power control in a smart home. Then we model the data 

following the ETSI approach. Parts of formal model 
description with the OWL language are presented. The 
conclusion summarizes our contribution. 

II.  THE ETSI APPROACH TO MODELING M2M 

SEMANTIC DATA  

In (ETSI TR 101 584), it is outlined the approach to 
modelling M2M semantic data. The main guiding principles 
are separation of the abstract information model from its 
representation in the ETSI M2M resource structure and 
separation of domain-specific knowledge from instance-
specific data. The synthesis of data abstraction needs to be 
independent of ETSI M2M resource architecture defined in 
ETSI TS 102 60 and which may be updated in future releases. 
With separation of instance and domain knowledge, then the 
instance-specific data can be understood without any further 
a-priori knowledge, and different applications can interact on 
the bases of common domain model. 

Fig.1 shows the structure of ETSI domain specific 
knowledge. 

 
 

Fig.1 Structure of domain specific knowledge (ETSI TR 584) 
 

Ontology is used to express the information represented by 
an application domain model. The model identifies Thing 
types, which have attributes, data about data (metadata) and 
implements operations which require inputs and return outputs 
of value types. Attributes, metadata, inputs and outputs have 
certain value types.  

III.  ONTOLOGY FOR POWER CONTROL IN A SMART 

HOME  

Let us consider a home energy saving system (HESS) 
whose general purpose is energy saving through power 
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control on electrical appliances at home. For example, HESS 
may control the heating, cooling and ventilation home systems 
and the hot water tanks. For heating and cooling the energy 
saving is achieved by small changes in the referenced 
(preferred by the home owner) temperature during predefined 
time periods when nobody is at home or everybody sleeps 
[11]. The ontology web that represents the domain knowledge 
is shown in Fig.2.  
 

  
 

Fig.2 Ontology web for power control in a smart home 
 
The basic concepts in the domain of power control in a 

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 
room, a bathroom, a toilet and a bedroom. The home owner 
may define power shedding schedule for heating/cooling 
control and a policy stating that if a room door or a room 
window is open, the heater/cooler has to be switched off.   

IV.  DOMAIN-SPECIFIC MODEL FOR POWER 

CONTROL IN A SMART HOME  

The domain specific model defines Thing types, Thing type 
attributes and operations. Fig.3 shows the domain-specific 
model of power control of electrical appliances in a room. 

The ElectricalAppliance type has the following attributes. 
The ElectricalOperation attribute may have on-off or on-off-
standby values. The UsageMode attribute may have 
autonomous or manual (user directed) values. The Usage 
attribute may have periodic, permanent or semi-random 
values. Only electrical appliances that have autonomous usage 
mode and on-off-standby electrical operation may be 
controlled remotely. The ElectricalAppliance type implements 
the following operation. The powerOn operation is used to 
power on the appliance, while the powerOff operation is used 
to power off the appliance. A controllable appliance such as a 
cooler, heater, air conditioner, ventilation system and hot 
water tank, when is powered on, goes in a standby state.  

 
 

Fig.3 Domain information model of controllable appliances 
 
The CoolerState attribute of the Cooler type indicates the 

cooler state (e.g. powered off, standby, etc.).  
The Cooler type implements the following operations. The 

coolToRef operation instructs the cooler to cool to the 
referenced temperature Tref (the temperature preferred by the 
home owner) and it requires Tref as an input. The heatToEcon 
operation instructs the cooler to switch off while the room 
temperature increases by a small amount (∆) to realize energy 
economy and it requires ∆ as an input and Tref-∆ as an output. 
The recoolToRef operation instructs the cooler to re-cool to 
the referenced temperature and it requires Tref as an input. 
Similarly, the Heater type implements the following 
operations. The heatToRef operation instructs the heater to 
heat to the referenced temperature Tref  and it requires Tref as 
an input. The coolToEcon operation instructs the heater to 
switch off while the room temperature decreases by a small 
amount (∆) to realize energy economy and it requires ∆ as an 
input and Tref-∆ as an output. The reheatToRef operation 
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instructs the heater to reheat to the referenced temperature and 
it requires Tref as an input. The HeaterState attribute of the 
Heater type indicated the heater state. Both Cooler type and 
Heater type implement the swithOff operation which instructs 
the appliance to switch off. More information about 
heating/cooling control may be found in [11]. 

The Room type has the following attributes. The 
ControledTemperature attribute indicates whether the room is 
heated or not, e.g. the toilet is an unheated room, while the 
bedroom is a heated one. The Ventilation attribute indicates 
whether the room has a fan that pumps the air or not.  The 
OccupancySchedule attribute indicates occupancy schedule of 
the room. The Door type implements openDoor operation and 
closeDoor operation and it has a DoorState attribute. The 
Window type implements openWindow operation and 
closeWindow operation and it has a WindowState attribute. 

V. FORMAL DESCRIPTION OF THE DOMAIN-
SPECIFIC MODEL  

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 power 
control of electrical appliances in a smart home is formalized 
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 verify 
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 by 
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 complies 
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 class 
owl:Thing. So, every class is implicitly 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 of 
these restrictions. Element subClassOf is a down of possible 
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: 

• properties of the types of data that describe the 
relations between instances of classes and RDF 
literals and XML Schema data types; 

• 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 in 
mathematics, properties are defined with domain (domain) 
and the range of values (range).  

Statements in Figure 4 declare a fragment of named 
individuals, classes, and object properties.  

Figure 5 describes the part of of the relationships between 
declared individuals, classes and attributes. 

Figure 6 shows the data type declarations and definitions. 

VI.  CONCLUSION  

Data models representing semantic information of the 
domain specific knowledge allow information sharing 
between different applications. We propose a structural 
approach to modeling semantic information for power control 
of 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. 
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Fig.4. Declarations related to OWL description of air conditioner information model  

 

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

 

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