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Ontology-Based Context Modeling for a Smart
Living Room
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Abstract—The recent development on pervasive computing,
sensors network and smart appliances has motivated the
appearance of new technological domain called smart spaces.
such spaces are defined as a physical space rich in equipments
and software services that is capable of interacting with
people in order to provide intelligent services to the user for
improved comfort (quality of life), energy saving, security, and
tremendous benefits for an elderly person living alone.
Providing intelligent services requires the equipments to be
sensitive to the context of use or context-awareness. The
concept of context is a key enabling factor in such
environment and understand it, establishing its components
and modeling it are basic and important steps for the
development of smart spaces. Previous works in such
environments were unable to deal efficiently with context-
awareness. In this paper we present both an ontology-based
context and smart living room modeling.

Index Terms— Smart living room, Context, Modeling,
Ontology.

[. INTRODUCTION

SMART spaces is a research field under the banner
of pervasive and ubiquitous computing where
devices dynamically and proactively (without explicit
intervention of users) adapt their behavior to current
context changes. So far, there is no explicit definition of
smart spaces which are also called '"smart
environments" or "ambient intelligence". The most well-
known definition of smart spaces is the one gave by D.
Cook and S. Das of the MAVHome project in their
book [1]: "Smart space is able to acquire and apply
knowledge about its environment and to adapt to its
inhabitants in order to improve their experience in that
environment". The number of smart appliances and
devices in the home and office has grown dramatically
in recent years thanks to the tremendous evolution of
embedded systems. Unfortunately, each component
usually performs a single function and there is no
synchronization with other components or the
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environment. The principal objective of researches in
this field is to move from environments filled with
smart devices to smart environments. Previous
solutions proposed suffer from three main drawbacks:
a) interaction and cooperation between devices is
missing, b) context definition and modeling are not
clear enough and specific to some particular aspects of
smart spaces, c) the services adaptation task is not
context-aware or do not deal in depth with context-
awareness which makes the devices able of acting
autonomously on behalf of users. Our aim is to propose
an ontology-based modeling of both smart living room
environment and contextual information which enables
common understanding of context and enhances its
sharing.

The remainder of this paper is structured as follows.
In section II we discuss some related works. Section III
describes the overall environment of an exemplary
smart living room. Section IV presents the ontology-
based modeling of the smart living room and contextual
information. Finally, Section V, draws the conclusions
of this paper.

II. RELATED WORK

The development of an intelligent, independent and
adaptable to changing conditions environment is a goal
that has existed for decades. Research on this topic is
more intense in recent years. Several researchers have
worked on smart spaces such as homes, offices,
universities, hospitals, hotels, cars and other private or
public places. Context-awareness is an important
characteristic of smart spaces and context modeling is a
basic step for the development of such spaces. In this
section we will focus only on ontology-based context
modeling approaches in smart spaces. Among the
earliest works on ontology-based context modeling, the
SOUPA (standard ontology for ubiquitous and
pervasive applications) [2]. SOUPA is composed of two
sets of ontologies : SOUPA core ontologies and SOUPA
extension ontologies. Core ontologies try to define a
generic vocabulary which is universal for different
pervasive computing applications. Extension ontologies
(extended from SOUPA core ontologies) define
additional ontologies to support specific kind of
applications and provide examples for extending future
ontologies. Pantsar-Syvaniemi et al. [3] proposed a
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novel context ontology for smart spaces that exploits
some parts from SOUPA [01] and enhances context-
awareness with three dimensions: physical, digital and
human. CoBrA (context broker agent) [4] is an
architecture to support the development of context-
aware systems in an intelligent space (smart house,
smart car, etc...). In CoBrA where defined ontologies
collections called COBRA-ONT for modeling
contextual information in such intelligent spaces.
COBRA-ONT are expressed with OWL which defines
typical concepts associated with places, agents and
events. Ontology plays a crucial role in CoBrA, it helps
the context broker (server) to share contextual
information with other agents and permit him to make
context reasoning. The ontology is categorized in four
classes: 1) physical place ontology, 2)agent (human or
software) ontology, 3) agent localization agent
ontology, 4) agent activity context ontology. SOCAM
(Service-Oriented Context-Aware Middleware) [5] is an
architecture for the building and rapid prototyping of
context-aware services in intelligent environment. The
context ontologies are divided into upper ontology
which captures general context knowledge about the
physical world and composed of: computational entity,
location, user and activity. The domain-specific
ontologies which are a collection of low level ontologies
that defines the details of general concepts and their
properties in each sub-domain. Abdulrazak et al. [6]
presented an ontology for smart environments that takes
into account the new notions namely the referentiality in
terms of localization and temporality, and the problem
of the environmental change. The design of their
ontology was based on the general idea which states
that, a being lives and interacts in an environment with
a certain dynamic. From there, they extracted the
major concepts of their top level ontology, which are:
Being, Environment and Dynamic. Saleemi et al. [7]
modeled and processed context information using their
development tool and Nokia’s Smart-M3 architecture.
They referred to all information that characterize the
situation of a user as his context. They divided the
user’s context in two broad categories, namely atomic
context and inferred context. They modeled user’s
context using six context dimensions: Time, Locality,
Devices, Activity, Occupancy and Associations. They
have defined an inference rule using a 3-clauses pattern.
Ming Li [8] proposed a context model based on
ontology for smart space composed of the top layer
ontology model and the specific field onto- logy model.
The top layer ontology model is the abstract of context
information in smart space composed of seven classes:
Person, Location,Time, Activity, Physical Entity,
Virtual Entity, and Service, the specific field ontology
model is the embodiment of the top layer ontology
model in the specific field. He proposed a rule-based
reasoning system for the adaptation task. Haesung Lee
and Joonhee Kwo [9] modeled contexts which are
generally distributed in smart home environment using
the ontology technology. The set of modeled contexts
includes home domain-based contexts and social
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relationship-based contexts. They tried to provide smart
home-based health care services to a specific user in
pervasive and seamless way using context awareness
computing technique. They defined three general
categories for context items: Biomedical sensor data,
Environmental sensor data and Social relationship data.
The context model is made of four sub-ontologies: 1)
the user domain ontology 2) the home domain ontology
3) the function management ontology 4) the social
context ontology. They defined a set of first-order rules
to determine if a function has to be triggered. Zachary
Wemlinger and Lawrence Holder [10] presented the
Casas Ontology for Smart Environments (COSE). They
presented a smart environment domain ontologies,
where the main concepts in the COSE ontology are:
buildings, occupants, sensors and human activities.
Moji Wei et al. [11] presented an ontology-based Home
Service Model to retrieve and invoke services according
to user’s needs automatically. In the ontology, they
differentiated function from need which are usually
confused with each other. They proposed an upper
ontology as a fixed viewpoint, two domain ontologies
which are Function Concept Ontology and Context
Concept Ontology. They used Maslow’s hierarchy of
needs as guidance and consult existed services to
construct their function concept ontology for service
annotation. Wan-rong Jih et al. [12] proposed a
Context-aware Service Platform, implemented in JADE
agent platform, and utilize Semantic Web technologies
to analyze the ambient contexts and deliver services.
They integrated ontology and rule-based reasoning to
automatically infer high-level contexts and deduce a
goal of context-aware services. They defined a context
ontology as a representation of common concepts about
the smart space environment and an if-then rules for the
reasoning. Xinhua Zhu et al. [13] proposed a system
modeling for a Smart-home Healthy Lifestyle Assistant
System (SHLAS). They introduced an Ontology-based
domain knowledge and context model to capture and
represent the agents, and agent behavior which provides
agents with reasoning ability. Through behavioral
analysis, habits can be acknowledged and personalized
services can be recommended to help the member
achieve a healthy lifestyle. Chao Li et al. [14]
Developed a context-aware lightning control system for
smart meeting rooms. They used an ontology-based
context modeling approach and a rule based system for
context reasoning. Chahuara et al. [15] Presented an
audio-controlled smart home based on a framework
composed of knowledge representation module using a
two level ontology, a situation recognition module
based on the SWRL logic reasoner and a decision
making module based on the Markov logic network
(using weighted logic rules) to deal with uncertainty
and imprecision of context information. Jih and Yung-
jen Hsu [16] proposed an agent-based architecture for
building context-aware systems in a smart space
composed of an ontology-base context modeling, an
OWL DL reasoner and an Al planner for the services
plan generation.
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Most of proposed approaches of ontology-based
context modeling do not offer a complete description of
contextual information and do not cover all aspects of
context in a smart space. Most of them were not based
on a clear and concise definition of context. In order to
propose more extensible and reusable ontologies, most
of them suggest the use of two categories of ontologies.
One composed of basic ontology concepts and the other
is adapted according to the application domain. The
core ontology (basic) differs from one method to
another and its basic classes depend on the definition of
context adopted by authors. The proposed models
fails in presenting a generic ontology for context which
cover all aspect of context in a smart space which
could limit their usability and extensibility.

III. THE SMART LIVING ROOM

A. Description

An exemplary smart living room is composed of a set
of equipments of three main types : a) appliance which
can be smart TV, satellite receiver, heater, air
conditioner and home cinema, b) Furniture which can
be window blinds, a set of light lamps and sofa, c)
communication device which can be a land-line phone
or the user's mobile phone. All these devices should
provide a set of services through different forms (or
modes) to the user (s) occupying the living room. These
services should take into account the user's preferences
and triggered according to the current context collected
from different sensors installed of the living room.
(Figure 1).

Fig. 1. Basic components of an exemplary living room.

B. Scenario Description

In the initial state of the living room, everything is off
(TV, radio/music player, light, air conditioning, heater,
window blinds closed, ...). At the entrance of the user
and detection of his presence, the lighting system
composed of the window blinds and light bulbs starts
first to adjust the light to the preferences of the user and
the current context. Then the heating and cooling
system starts to set the room temperature to user's
preference and according to the current context. the
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former system will trigger only if the system perceives
at least one user seated on the sofa to avoid wasting
energy if the user makes a simple entry and exit from
the living room without the intention of staying.
Multimedia system then starts to turn on the TV or
radio/music player and home cinema depending on the
preferences of the user if he is alone or surrounded and
finally the communication system starts to provide
services tailored to the wuser's context such as
forwarding the ring of an incoming call to the home
cinema if the noise is too high in the living room or
display a picture of a phone on the TV screen in order
to attract user's attention.

The dynamic aspect of the smart living room
described in the above scenario can be modeled using a
simple finite state machine to show the triggering order
of equipments and services. There are two main states
of the smart living room: empty and occupied, in the
first state (initial and final state) the network sensors
perceives that there is no one in the living room so all
the equipments should be set off. As soon as the
network sensors perceives the presence of one or more
user, the smart living room moves to the state occupied
which in turn contain four sub states describing the
order of systems boot. The light system will start first
and after perceiving at least one user seated on the sofa,
the heating and cooling system will start and then (to be
fixed in advance by the system developer according to
the user's preferences) the multimedia system will start
and finally (after a small period of time ) the
communication system will start. At any time during the
occupied state of the smart living room, if the network
sensors perceives that there is no body (presence=0),
the smart living room will transits directly to the empty
state (Figure 2).
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Fig. 2. State machine describing the operation of the living room

WCECS 2015



IV. ONTOLOGY-BASED MODELING

Ontology is a set of structured concepts that are
organized in a graph where relations can be either
semantic relations or composition and heritage
relations. The main objective of ontology is to model
the set of knowledge of a given domain. This means to
choose a manner for describing domain information in a
form comprehensible by computers. It provides a
representative vocabulary for a given domain and
permits a consistent interpretation of data [17].
Ontology is a powerful tool for knowledge sharing,
reuse and expression of complex situations compared to
other data modeling techniques such as key-value,
object oriented, logic, mark-up schema and graphical
models [18,19]. In addition ontology supports formal
logical reasoning over the situation ontology for
consistency checking, subsumption reasoning and
implicit knowledge inference.

A. Smart living room modeling

A smart living room is composed of a set of
equipments which can be appliances, furniture or
communication devices. Each equipment provides a set
of services to the users (occupants) through several
forms taking into account their preferences. The basic
concepts of a smart living room that we can extract
from the description and the scenario above are
sensors, light system, cooling and heating system,
multimedia system, communication system, user, user's
preferences, services, service's forms and context.
These concepts are related to each other in some ways.
The context uses the user's preferences and perceived
by the sensors network to trigger the light system,
cooling and heating system, multimedia system and
communication system. Each of these systems has a set
of subclasses and can provide several services through
different forms. Figure 3 shows a simplified ontology-
based model of the smart living room and figure 4
shows a detailed one.
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Fig. 3. Simplified ontology-based model of the living room
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Fig. 4. Detailed ontology-based model of the living room

B. Context modeling

Context-aware applications should provide proactively
(without explicit user's intervention) adapted services to
both users and applications according to the current
context. Context-awareness is a basic concept of
pervasive and ubiquitous computing as well as smart
environment or ambient intelligence. From this reveals
the importance of the concept of context which
considered as a specific kind of knowledge that requires
a good and clear understanding and specially a precise
establishment of its components. One basic step before
context modeling consists of clearly define context.
Several definitions of context were proposed. Some of
them were based on enumerating contextual information
(localization, nearby people, time, date, etc.) like those
proposed in [20,21,22]. Others were based on providing
more formal definitions in order to abstract the term
like the one proposed by Dey [23]. Most of these
definitions were specific to a particular domain such as
human-computer interaction and localization systems
and need an adaptation effort to be used in a particular
application. In our previous work [24] we have made a
survey of existing definitions of context and proposed a
service-oriented definition of context as follows: “Any
information that triggers a service or changes the
quality (form or mode) of a service if its value
changes.” This definition is sufficiently abstract and
helps to limit the set of contextual information. The
definition was based on the concept of service because
such one plays a crucial role in the operation of a
pervasive computing system and can be easily adopted
in the context of smart spaces.
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Based on this definition, The modeling process starts
(first step) by specifying for each equipment of the
smart living room the set of services that can be
provided. For each service we should specify also the
set of information which their change of values will

trigger the service (Table 1).

TABLE I
SERVICES TRIGGERING INFORMATION

The third step of the modeling process consists of
making the union of the two previous sets to get the
final list of contextual information. This information
will compose the global context and in our case will be
composed of the following elements with their possible
values (Table 3).

TABLE III
CONTEXT ELEMENTS AND THEIR POSSIBLE VALUES

Context elements

Context values

De.vlce or Provided service _mggE"{lg
equipement information
Window blinds Lighting, User's Presence

TV & Satellite

receiver

V entertainment

Seated Users

Home Cinema

Sound

Seated Users

Phone

Communication

Incoming call

Heater

Heating

Seated Users

Air conditioner

Air Conditionning

Seated Users

Radio & music
player

Radio & music
entertainment

Seated Users

Lighting

Lighting

User's Presence

R 0 1 several
User’s presence Yes No
IndoocLight Dark Low Average High
Outdoor Light Dark Low Average High
Noise Silent Low Average High
Time Morning Afternoon Evening Night Larte Night
Date Workday Holyday
Season Automn Winter Spring Summer
Surrounding Alone Surrounded
User's preferences To be fixed according to the user
Incoming call Yes No
Temperature Low Average High

Figure 4 shows the ontology-based model of context in
our smart living room composed of the main concepts
and relations between them.

The second step of the modeling process consists of
specifying for each service the set of forms through
which the services can be provided. We should also
specify for each form of service the set of information
which their change of values will change the form of a
service. The set of these forms are fixed extensible
according to how the living room should operate (Table

2).

TABLE I

SERVICES FORM CHANGING INFORMATION

Device or

Service's forms

Changing form

equipement information
User's presence,
A mostl Totally Indoor & Outdoor
Window blinds Closed sty Half opened | mostly opened otatly 00! N g
closed opened light, user's
preference
date, Time,
TV & Satellite On preferred| On other 1 S
. Off surrounding, user's
receiver channel channel
preferences
date, Time,
Home Cinema Off Low O'LTEJ{::M Average High surrounding, user's
g preferences
Divert to Divert to | Divert ta home .
Default N N Noise, surrounding,
Phone answer home cinema & icon
mode . N . time, date, light
machine cinema on TV
Heating off On preffered| o - Temp‘era[ure, saison,
heat user's preferences
On preferred Temperature, saison,
Air conditioner Off P On other - 1‘
could user's preferences
Radio & music On preferred|On preferred date, Time, )
Off . y On other surrounding, user's
player radio station|  Song
preferences
User's presence,
Lighting Dark Low light | Averase Hihg light Indoor & Outdoor
light light, user's
preference

ISBN: 978-988-19253-6-7

ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

/ Indoor < Ortd:tor>
e 19
\ nght / s a |s -
| L!
. sa T P
@ _Ilm;eﬁ_ o Q Light / is- < ??EJI v
Ve 6EEt_lpa;:};‘ﬁ\7_l_s,-a,\ \ is-a IS 2 /V-Nearb;\
“__ state ) N S~
;ﬂhcg';ilnd‘ Is-i K Noise >
Ki_rndicati(_)’_l]/s
/ Ufser's \» is-a / \ Temperature )
Preferences /~
U rerences s/ |s a 1 » 4
“oay e

Fig. 4. Ontology-based context model of the living room

V. CONCLUSION AND FUTURE WORK

The first step of developing context-aware
applications consists of context modeling based on a
clear and concise definition of context. In this paper, we
have introduced an ontology-based model for a smart
living room. The modeling process is composed of two
stages: 1) the living room modeling and 2) contextual
information modeling based on our previous definition
of context. The main advantages of our approach are:
1) context modeling is based on a simple and clear
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definition of context, 2) the proposed ontology is more
generic and cover almost all concepts of context in a
smart living room and 3) the modeling process is very
simple and leads in an easy way to the elements of
context. Our future work will focus on context
reasoning for implicit knowledge inference and achieve
a context-aware services adaptation based on first order
logic.
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