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Abstract
Ambient Intelligence (AmI) has been one of the greatest visions of the Information Society. It brings intelligence to people’s everyday environment making it autonomously
adaptable, proactive and context-sensitive to the users’ needs. In parallel, the evolution of
Ambient Assisted Living (AAL) field has attracted considerable attention in the scientific
community and it constitutes one of the most significant applications of AmI technologies.
AAL gives the opportunity to elderly to lead independent lives, confiding in part the care of
their health and their living in smart devices that operate in people’s most intimate environment, their home.
The objective of the current thesis is to develop the concept of an integrated contextaware system that combines technologies of the semantic web, with those of Ambient Intelligence, in a way of assisting an old person with his/her daily routine. Particularly, we
exploit advantages of ontologies and semantics for creating a formal representation of context information, which in our domain includes environment entities, user profiling and
health aspects. This information constitutes the knowledge base of our system. Three types
of reasoning are applied upon this knowledge: a first level rule-based reasoning for inferring
additional information about the context, a case based reasoning for recognizing the current
activity and a final reasoning step that undertakes to offer personalized assistance in the form
of rules expressed in a high-level rule language. The rules about the assistance conclude to
actions related with the recognized activity, with aspects of the person’s health, or with
emergency situations. Furthermore, we present a use case scenario that captures the functionality supported by the current approach. A subset of this has also been demonstrated with
realistic conditions and users showing that it can perform in real time with compensatory
results.
Supervisor: Dimitris Plexousakis
Professor
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Περίληψη
Η διάχυτη νοημοσύνη έχει υπάρξει ένα από τα μεγαλύτερα οράματα της Κοινωνίας της
Πληροφορίας. Εισάγοντας νοημοσύνη στο καθημερινό περιβάλλον των ανθρώπων, το
καθιστά αυτόνομα προσαρμόσιμο, δυναμικό και

ευαίσθητο στις αλλαγές του

περιβάλλοντος με βάση τις ανάγκες των χρηστών. Παράλληλα, η εξέλιξη του τομέα της
Υποβοηθούμενης Διαβίωσης έχει προσελκύσει αξιοσημείωτα το ενδιαφέρον της
επιστημονικής κοινότητας και αποτελεί πλέον μία από τις πιο σημαντικές εφαρμογές των
τεχνολογιών της διάχυτης νοημοσύνης. Ο τομέας αυτός, δίνει την ευκαιρία στην τρίτη
ηλικία να εξασφαλίσει μία αυτόνομη ζωή, αναθέτοντας εν μέρει τη φροντίδα της υγείας
και της διαβίωσης της, σε έξυπνες συσκευές οι οποίες λειτουργούν στο πιο οικείο
περιβάλλον των ανθρώπων, το σπίτι τους.
Ο σκοπός της παρούσας εργασίας είναι η ανάπτυξη της ιδέας ενός ενοποιημένου
συστήματος που λαμβάνει υπόψη, τις παραμέτρους τους περιβάλλοντος και συνδυάζει
τεχνολογίες του σημασιολογικού ιστού με εκείνες της διάχυτης νοημοσύνης, με τέτοιο
τρόπο ώστε να βοηθήσει έναν ηλικιωμένο άνθρωπο στην καθημερινότητά του.
Συγκεκριμένα,

εκμεταλλευόμαστε

τα

πλεονεκτήματα

των

οντολογιών

και

της

σημασιολογίας τους ούτως ώστε να δημιουργήσουμε μία τυπική περιγραφή της
πληροφορίας του περιβάλλοντος, η οποία στο δικό μας πλαίσιο περιλαμβάνει
αντικείμενα και έννοιες του χώρου, προφίλ των χρηστών και θέματα που αφορούν την
υγεία. Η πληροφορία αυτή αποτελεί τη βάση γνώσης του συστήματός μας. Τρία είδη
συλλογιστικής εφαρμόζονται πάνω σε αυτή τη γνώση: μία πρώτου επιπέδου βασισμένη
σε κανόνες, για την εξαγωγή επιπλέον πληροφορίας σχετικά με τις παραμέτρους του
περιβάλλοντος, μία συλλογιστική βασισμένη σε περιπτώσεις για την αναγνώριση της
τρέχουσας δραστηριότητας και ένα τελικό στάδιο συλλογιστικής, το οποίο αναλαμβάνει
να προσφέρει προσωποποιημένη υποβοήθηση με τη μορφή κανόνων εκφρασμένων σε
μία γλώσσα υψηλού επιπέδου. Οι σχετικοί με την υποβοήθηση κανόνες συμπεραίνουν
ενέργειες που σχετίζονται με την αναγνωρισμένη δραστηριότητα, με θέματα της υγείας
του

ατόμου,

ή

με

θέματα

αντιμετώπισης

καταστάσεων

ανάγκης.

Επιπλέον

παρουσιάζουμε ένα σενάριο χρήσης το οποίο καλύπτει τη λειτουργικότητα που
υποστηρίζεται από την παρούσα προσέγγιση. Παρουσιάζουμε επίσης ένα υποσύνολο
αυτού σε μία ζωντανή επίδειξη με πραγματικές συνθήκες και χρήστες, δείχνοντας ότι το
σύστημα μπορεί να εκτελεστεί σε πραγματικό χρόνο με ικανοποιητικά αποτελέσματα.
Επόπτης Καθηγητής: Δημήτρης Πλεξουσάκης
Καθηγητής
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1 Introduction
In recent years, an increment in the average lifetime has been observed. This reality, accompanied by the continuously decreasing birth rates [55] have a direct consequence the
growth of the older population that surpasses the age of 65. It is estimated [54] that by 2020,
25% of the EU population will be over this age. If we additionally consider the rapid growth
in the number of people with physical disabilities, we will be confronted with the imperative
requirement of finding solutions for improving their quality of life. On the social side of this
issue, it is important for all these people having the opportunity to remain integrated in social
life despite their age and existing disabilities. The elongation of time staying in their home,
in parallel with the enhancement of their autonomy in it by ensuring assistance with their
daily activities and their healthcare, would increase their independence and self-confidence.
The Ambient Assisted Living (AAL) field converts this ambition into reality. It supports
the development of intelligent systems that assist their users (in their majority old and handicapped people) for a better, healthier and safer life in the preferred living environment. AAL
systems provide their users with services that undertake the care of their daily living, social
life and health, making use of AmI technologies. In particular, the environment of the house
is being enriched with equipment that continuously monitors the situation of the inhabitant,
(activities, health conditions etc.) and creates the appropriate interventions in order to provide assistance. The aim is to reduce the need for caretakers, personal nursing services or the
transfer to nursing homes. To succeed a great acceptance by the ageing population, the services must be simple in their use, discreet in their action and personalized to the individual
needs.
The greatest challenge that the AAL field has to face, results from the fact that it addresses people in old ages. People in these ages may suffer from a large variety of diseases and
impairments or combination of them. Some of the most common diseases associated with
old age, are: hypertension, stroke, heart disease, cancer, Parkinson’s disease, dementia including Alzheimer’s, multiple sclerosis and osteoporosis [56]. Each one of them causes
different needs to the patients, has different symptoms, needs special treatment and threatens
them in a different way. It is obvious that the requirement for personalized assistance will
not be a commonplace process at all. It has to take into account a lot of parameters and all
possible cases must be anticipated in order to provide a complete supervision of the disease
‘s progress. It is also noteworthy that 50% of injuries occur to elders in their homes, which is
related to decreased physical abilities. An AAL system must also provide services that would
react to such emergency cases or any other that may occur.
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1.1

Goals – Contributions

In the previous paragraph we described the general problems and motivations a typical
AAL system is called to face. In the current thesis we have developed the concept of such a
system. In particular, we created a context-aware system, which addresses an old person in
order to help him with his daily routine (for the definition of term “context” and its significance in Ambient Intelligence see chapter 2.2). What we consider as tasks of his daily
routine, is common activities inside the house (such as watching TV, Sleeping, Talking On
the Phone, Eating, Cooking etc.), or tasks that concern his health, meaning the treatment of
eventual diseases. Basic parameter in the assistance is the profile of the user because an important requirement of the system is that the first will be personalized and oriented to the
user needs (habits, preferences and specificities). Except from the tasks of daily routine, we
also suggest a complete methodology showing how the system would react effectively in
cases of emergency.
A great part of our system is focused on the representation of the context. We propose a
two level context representation: the first level is for general knowledge while the second for
domain specific. For this purpose we make use of semantic technologies, and specifically
ontologies, to capture all those aspects were required in the level of reasoning, which is the
responsible to generate the assistance. These aspects are basically related with objects in the
environment, with the profile of the assisted user or with tasks having to do to the person’s
health. An already existing system is used in order to make the activity recognition process,
which implements machine learning techniques and in particular algorithms for case based
reasoning. Two levels of reasoning have been developed: the first infers additional
knowledge in the ontology, while the second is responsible to conclude what is the appropriate assistance based on the current information in the knowledge base, with the second to be
expressed in a high level rule language.
The greatest challenge and in parallel difficulty we came across was that in order to conclude to the final representation of the context and the final methodologies for the assistance
we had to study and consider a lot of possible different cases of users and requirements. For
that reason, the basic contribution of the current work, was not to manage and capture the
entire world, but to suggest a system that in a first phase will provide a wide representation
of the context in the current domain, scalable enough to enhance the insertion of new classes
and relationships or even of whole ontologies (multiple level representation). In a second
phase, with the categorization of the assistance and the development of general methodologies for each category, we achieve that the set of rules can also be expanded with many more
-2-

rules, with the only precondition that they are compatible with the suggested methodology.
The fact that they are expressed in a high-level rule language, gives the flexibility for the
rules to be as complex as required. Combining the two aforementioned advantages, we have
achieved to develop a system that supports a great variety of scenarios, performed in real
time. All new functionality, either it is at an ontology level, or at rules level, can be easily
incorporated to the system, without needing to change the source code at all.

1.2

Motivating Scenario

User profile
Family status
John is a 75-aged man who lives alone in his home. He has lost his wife but he has two
children, Kate and Jason who live in their own homes with their families. Kate lives some
kilometres away from her father’s home while Jason lives in another city. He also has a sister, Rose, living one square away. Moreover, in the next apartment, lives his neighbour and
also good friend of him, Peter, who helps in cases he needs it. The information about their
contact profiles (address, telephone numbers etc.) is kept in the knowledge base of the system.

Health status
John suffers from heart disease for about 3 years. Chest pain is the most common symptom appearing and when it does, John feels like discomfort in the center of the chest that
lasts for more than a few minutes and it usually comes and goes. Occasionally, he may feel
weakness or dizziness. There are different treatments for heart disease, according to the level
of the impairment and they range from low-tech to high-tech. The medication recommended
by his doctor is Lotensin that widens the blood vessels to improve the amount of blood the
heart pumps. It has to be received every day after John wakes up and before his breakfast. He
also suggests an Antiarrhythmic drag, Cordarone, used to treat abnormal heart rhythms resulting from irregular electrical activity of the heart. Cordarone has to be taken twice a day,
after a meal. John must also measure his blood pressure every day in order to watch if everything is ok. Dr. Smith is the responsible doctor who follows the process of this problem and
he is informed every day about the
Another thing discomforting John is that he suffers from poor hearing. He can only hear
noises on high intensity, something that incommodes his life and its quality. Every day he
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has to take a course of Amoxil in the form of spray in order to restrict the problem. Because
of this impairment, the assistance offered by his house must be oriented on visual notifications about the situations enhancing that way his autonomy and minimizing any
dependencies from his surrounding.

A common day
John begins his day at 8 o’ clock in the morning. He likes waking up with the sun light so
when the time comes, the blinds open. When he leaves bed, the system asks him to take the
medicine Lotensin. The way that notifications are sent, is adapted to the current situation of
the assisted person and it may range from appearing messages on devices like TV, mobile,
etc., to flickering the lights, but they always become in a visual way. After sending the notification the system enters in a waiting mode, where after a time range of not having
responded, it sends a reminder. Such reminders are repeated in specific intervals, which become more and more frequent until John responds. We suppose that there is appropriate
software that can identify whether the medication was received correctly or not. In case that
he ignores the notifications for a few continuous days, or if he did not take the right drag, the
system changes behavior and informs one of his children about the situation, as well as his
doctor if it is necessary.
John is also equipped with a medical device that constantly monitors some the most vital
health conditions, like blood pressure, heart rate, body temperature and oxygen saturation
exporting the data to a remote location in order to be processed and checked. When one of
the measurements does not return satisfactory results, then the pertinent doctor is notified
about the situation. If one of these symptoms has a specific treatment when occurring, the
system also asks John to receive it, entering again in the waiting mode described in the previous paragraph and following the same steps.
Since John is awake, the lighting of the house is adjusted by opening the blinds or the
shutters of the rest rooms. Consecutively the temperature of the house is also adjusted, by
turning the radiator to on, if the temperature of the house is under 19-C degrees, or otherwise, according to the weather conditions, if the day is sunny and hot, by opening the
windows in order to refresh the air of the house too.
John moves in the kitchen in order to take his breakfast. Together with this activity he uses to read his newspaper, so he is informed about the location of his glasses and the
newspaper. After finishing his meal, he decides to have a bath. The assistance offered by the
house in relation to this activity after being recognized, could be at first that the temperature
of the water to be adjusted, to send information about the location of the towels, and to set an
-4-

appropriate device inside the bath as the current notification device. He also has the habit of
listening to radio while having his bath, so it is turned on at the station he prefers, while the
volume is set to the highest level, taking into account his hearing impairment.
Later in the afternoon, John is informed about his favorite TV series that will begin in a
few minutes. We can also assume that he has a small touch screen that controls all the devices in the house so he can easily turn the TV on without having to search for the controller.
When the activity of watching TV is identified, the following actions happen: the volume of
the TV is set to high level, the TV is set as the current default device for notifications and the
lighting of the house is also adjusted to lower. This becomes by drawing down the blinds if it
is still day outside, or by lowing down the lights if it is night and they were on. In case that
he does not make it to watch the series, it is recorded in order to watch it later.
While watching TV, an incoming call arrives. As the volume of the TV is high and John
has hearing problems, he did not realize this event. For that reason, a message about that is
appeared on the TV. When he picks the phone up, the TV automatically is set to mute and
the lighting is reverted to higher. Concerning the volume level of the phone, it is also set to
the highest possible, or even better, supposing there existed the appropriate service of translating speech into text, it would be appeared on the screen of the phone device. After
finishing with the phone call, the system recognizes again that he continuous watching TV
and the environment is reverted as it was before.
2 hours after watching TV, John is standing up but he feels some dizziness and a small
pain on the chest. The system recognizes the upcoming emergency and advises him to make
the defined actions for the symptoms in order to get out of the situation, while in parallel his
children receive a warning about the situation. John tries to follow the instructions, but he
doesn’t make it and finally he falls down. The system enters in an emergency state and starts
sending notifications probably through a speech mechanism that would talk to him. It also
sends again to his children. If no response from him, the system informs the neighbor to
come and check him. If the neighbor responds and comes, the system considers that someone
else has undertaken the situation and it does not do any other action. In case that he does not
respond either, it calls the ambulance and his doctor. The system exits the emergency state
when John stops being fallen down and someone has come to help him.
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1.3

Thesis Outline

The rest thesis is organized as following:
Chapter 2 describes some general background knowledge needed for a better understanding of the current approach.
Chapter 3 includes some other representative systems, which are meaningful to be compared with ours.
Chapter 4 gives a detailed analysis of our system and its individual components, which
are described in subchapters.
Chapter 5 includes all the technical features that concern our system, as well as a live
demonstration of it in real conditions.
Chapter 6 constitutes an epilogue with useful conclusions and suggestions about future
work.
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2 Theoretical Background
2.1

Ambient Intelligence (AmI)

One of the greatest visions of the Information Society was Ambient Intelligence, or alternatively pervasive computing. This vision brings intelligence to people’s everyday
environments and makes those environments sensitive to their needs. The concept was firstly
adopted by Information Advisory Group (ISTAG) as one of their research focus[1]. By enriching an area with the appropriate technology (sensors, processors, actuators and
computational resources, all interconnected through a network), AmI research enhances the
services that can provide to humans, creating that way “Smart Spaces”. Except from “Smart
Homes”, also hospitals, cars, classroom, offices and other places could also be considered
such spaces.
The revolution of Ambient Intelligence program emanates from the integration of numerous related scientific areas, including sensor networking, machine learning, semantic-based
knowledge systems and human-computer interaction, towards the improvement of all citizens’ quality of life, in a safe, efficient and user friendly way. What makes AmI systems
that promising, are the five key technology features that portray them:
•

Scalability: Development of systems, middleware, models, applications that are
independent and can resist to a high number of devices, users, etc.

•

Invisibility: Transparency and minimal intervention of human beings, by embedding networked devices into the environment

•

Context-Awareness: Virtual representation of the physical environment so that
the system recognized the situation of the people.

•

Smartness: showing mental alertness and calculation by “intelligently” using perceived changes.

•

Pro-action: Ability to interact, “disturb” the user in order to suggest a better action.

The AmI feature of transparency is certainly aligned with the concept of disappearing computer. This methodological trend was envisioned by Weiser[3], who stated:
“The most profound technologies are those that disappear. They wave themselves into
the fabric of everyday life until they are indistinguishable from it”

-7-

2.2

Context-Awareness and Context Representation in AmI

The term of context has been defined by many researches over time. Some of the closest
to our purpose are the following. Schilit introduced in 1994 the term context-awareness in
ubiquitous computing [4]. He defines three aspects of context: where you are, who are you
with and what resources are nearby. In his view, more than just the user’s location, context
includes lighting, noise level, network connectivity, social situation etc. because other things
of interest are also mobile and changing. Context was also defined by Dey et al. [5] as “any
information that can be used to characterize the situation of an entity. An entity is a person,
place or object that is considered relevant to the interaction between a user and application,
including the user and application themselves”. Gray and Salber [7] have built on the above
definition to derive a definition about sensed context: “Sensed context are properties that
characterize a phenomenon, are sensed and that are potentially relevant to the tasks supported by an application and/or the means by which those tasks are performed”
The idea is that computer systems and applications can both sense and react based on
their environment. Devices hold all the required information about the circumstances under
which they are able to operate and then demonstrate the appropriate related behaviour based
on the perceived context. Environmental changes and events happened in the area, are gathered by the sensor networks, which forward them as signals to the middleware. Middleware
is a platform that functions as a conversion or translation layer. It is responsible for the processing the information and transforming it to the corresponding input for each application.
We could say that middleware is something like a “black box” and it is used by most AmI
systems, as they consider being heterogeneous systems.
Modelling the context became an emergence for pervasive computing. The demand for
less user attention required that the applications would be sensitive to changes of the environment and adaptive to user needs, offering highly dynamic interventions. According to [6]
the context information may be characterized be the following notions:
•

Static or dynamic: Static context information describes those aspects that are invariant, such as a person’s date of birth. Though the majority of information is dynamic,
as they correspond to the environmental changes through the time.

•

Imperfect: The information may quickly become out of date or the context producers,
e.g. sensors, derivation algorithms and users, may provide faulty information.

•

Alternative Representation: The same information must be able to be represented in
different ways according to the current demands. For example the location may appear as absolute coordinates or as areas inside the house.
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•

Highly Interrelated: Representing information as relations between entities gives a
better understanding of the context. These relations may be strict or derived by rules
execution and reasoning.

As a consequence of the definition and the characteristics described above, comes the
question: what kind of information can be considered as context and which are the relations
among such pieces of information. Actually the answer is not general, but it depends on the
domain of interest and the needs of each application. For example the requirements of a
smart home domain differ from those of a smart classroom. They have different entities and
relationships between them, different kind of events and different user needs for each case.
However, the generalization of those entities and relationships concludes to some aspects
that are common for the above domains and for the most domains using AmI systems. These
aspects set the base for the context information characterizing a smart space and they are
briefly described in the next paragraph.
The Location is one of the most critical concepts characterizing the context. It is important to know each moment, where a person or an entity is. There are several ways to
reenact the information about location: a) as coordinates using a reference point, which describe absolute placement in the area, b) as named spaces, such as rooms or subareas inside a
room or c) as relative location, which describes where an entity is located in relation to another entity. The second concept is Person and it describes the profiles of the involved users,
so that the support of the system be personalized and adapted to their specific characteristics.
What concerns the majority of AmI systems about a user profile are the habits of the person,
the physical abilities and disabilities and his preferences related to the specific domain. As
the aim of ubiquitous computing is to support the users with their current situation, the system has to be aware of the existing Activity. The kind of the observed activities differs from
domain to domain. For example the activities that take place in a smart home are cooking,
watching TV, sleeping etc. while activities in a smart classroom are presentation, lesson etc.
For that reason it can be considered as one of the basic aspects. Within the framework of the
supported living, the Environment should also be able to adapt to the situation. With the term
environment we mean conditions like noise, lighting, pressure etc. that need to be calculated
and adjusted to the person’s needs. Concerning that AmI systems are real time systems, they
have to catch and handle all the events happening in the environment. Specifically the concept that has more interest for this approach is Simple Event, that is an instantaneous event
with no duration that happens at a given moment. Such events compose more complex
events and are also used at a reasoning level to infer more knowledge about the context. A
Simple Event is usually characterized by a timestamp describing the moment it happened, as
well as by any other entities related with that.
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As will be described later, we were based on these general aspects to build a multi level
context representation. They constitute the upper level representation that can be reused in
every AmI domain and at the lower levels they are specialized to aspects of the current domain. In next section we will analyze this approach with the terms of the semantics that were
used.
One of the basic features of context representation is reasoning. Reasoning techniques
mainly determine the intelligence of a mechanic system. The aim of context reasoning is to
exploit the true meaning of the raw context data values; to turn the low-level data that is
stored in the registers of the sensors into valuable information, based on which the system
can “decide” about the state of its context. This task becomes even more challenging, if we
consider the uncertainty and imperfection of the context information, the constrained computing capabilities of the devices and the demand of instant responses of the system to the
changes of its context.
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2.3

Ontologies and the Semantic Web

To introduce the term Semantic Web, we use the following definition from the [8]:
“The Semantic Web provides a common framework that allows data to be shared and reused across application, enterprise and community boundaries.”
Tim Berners Lee, the inventor of World Wide Web (WWW) and director of the Word
Wide Web Consortium defines the Semantic Web as “a web of data that can be processed
directly and indirectly by machines” [9].
We can think of Semantic Web as being an efficient way of representing data on the
World Wide Web or as globally linked database. Its purpose is to enable users to find, share,
and combine information more easily. Semantic Web is a vision of information that can be
readily interpreted by machines in a way that the machines “understands” and responds to
complex human requests based on their meaning. Such an “understanding” requires that the
relevant information sources be semantically structured [10].
Ontologies in the semantic web do exactly this: they structure information. In a formal
definition “an ontology is a description (like a formal specification of a program) of the concepts and relationships that can formally exist for an agent or a community of agents. This
definition is consistent with the usage of ontology as set of concept definitions, but more
general. And it is a different sense of the word than its use in philosophy”[11] Ontologies
can be categorized in domain and upper ontologies [12]. Domain (or domain-specific) ontology models a specific domain, which represents part of the world. It provides particular
meanings of terms applied to that domain. Upper (or foundation) ontology is a model of the
common objects that are generally applicable across a wide range of domain ontologies. It
employs a core glossary that contains the terms and associated object descriptions as they are
used in various relevant domain sets.
The development of an ontology aims at several benefits compared to other data models,
such as [21]:
•

Knowledge sharing. The use of context ontology enables computational entities such
as agents and services in pervasive computing environments to have a common set of
concepts about interacting with one another.

•

Logic inference. Based on ontology, context-aware computing can exploit various existing logic reasoning mechanisms to deduce high-level conceptual context from lowlevel, raw context, and to check and solve inconsistent context knowledge.

•

Knowledge Reuse. By reusing well-defined Web ontologies of different domains we
can compose large-scale context ontology without starting from scratch.
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2.3.1

RDF

Resource Description Framework (RDF) [13] has been proposed by W3C as the major
mechanism for metadata representation on the Web. The RDF model is similar to the Semantic Network formalism and could be visualized as a directed graph. The elementary particle
of the RDF model is a resource representing anything that can be referred by URI. However,
a resource by itself has very little meaning. To uncover resource’s semantics one should link
it to other resources. RDF statements prove the mechanism for organizing resources into triples “subject-predicate-object”. Every triple represents a directed semantic link from one
resource to another. As a result, interlinked resources organize a semantic network.
The original RDF vocabulary is limited to the basic set of primitives for the management
of descriptive metadata. To create richer RDF documents one needs more advanced tools for
developing collections of RDF terms enriched with interpretable semantics. For these purposes W3C has proposed the RDF vocabulary description language – RDF Schema (RDFS)
[14]. Figure 1 visualizes the original hierarchy of RDFS terms.

Figure 1 Original Class Hierarchy for the RDF Schema [14]

Being a “semantic extension of RDF”[15] RDFS provides two important extensions for
the RDF model. First, RDFS specifies the mechanism for defining classes of resources and
developing

hierarchies

of

classes

and

properties

(rdfs:Class,

rdfs:subClassOf,

rdfs:subPropertyOf). Second it allows the restriction of property applicability to the resources from a particular class (rdfs:domain, rdfs:range). It also provides tools for humanreadable annotation of resources. In contrast to pure RDF, RDFS allows the design of lightweight domain ontologies specification of resource’s semantics.
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2.3.2

Web Ontology Language (OWL)

In 2004 W3c recommended Web Ontology Language (OWL) as the major formalism for
the ontology representation on the Semantic Web [16]. OWL has been developed as a revision of the DAML+OIL ontology language [17] and inherited most of its features. The
consistency of OWL with the lower-level Web standards has been preserved. OWL is based
on the generic RDF model; it uses RDF/XML syntax; and the RDFS terms naturally integrated in OWL vocabulary. At the same time OWL introduces a number of new features to
handle semantically complete metadata models. The creators of OWL built the language upon such rich representational formalisms as frame theory [18] and description logics [19]. As
a result OWL allows models with all major components of formal ontologies: classes (or
concepts), individuals (or instances), properties (including class relations and instance attributes) and axioms (or constraints).

Sublanguages
There are three versions of OWL; each provides ontology developers with more expressiveness than the previous:
•

OWL-Lite is the simplest level. It allows specification of class hierarchy, class
individuals and properties. It also provides limited tools for modelling constraints
(0 or 1 cardinality), property characteristics (transitive, symmetric etc.) and class
equality/inequality.

•

OWL-DL includes all features of OWL-Lite and enhances them with the functionality of description logic(class disjoint, conjunction, disjunction etc.) OWLDL provides both maximum expressive power and the guaranteed computational
completeness.

•

OWL-Full combines the expressiveness of OWL-DL vocabulary and the freedom
of RDF model. While, OWL-DL is based on RDF, it introduces certain restriction
to it, e.g. a class can be an individual of another class. RDF on the contrary treats
everything as a resource and does not make such a distinction. OWL-Full being a
union of RDF and OWL-DL can handle the models resulted from the merging of
union of OWL and RDF vocabularies. However such models cannot guarantee
the complete reasoning across them.

The following set of relations is concluded (not their inverses): a) Every legal OWL-Lite
ontology is a legal OWL-DL ontology. b) Every legal OWL –DL ontology is a legal OWLFull ontology. c) Every valid OWL-Lite conclusion is a valid OWL-DL conclusion. d) Every
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valid OWL-DL conclusion is a valid OWL-Full conclusion. Figure 2 provides a graphical
representation of the OWL layered architecture.

Figure 2 OWL Layers

Terminology
OWL language uses a typical “object oriented model”. The following notions constitute
such models:
•

Individuals or instances: An instance is an object or a thing and it represents an element in the domain

•

Classes: A class is a collection of objects. A class may contain individuals, instances
of the class. A class may have any number of instances and an instance may belong to
none, one or more classes. The notion of inheritance is also supported as a class may
be a subclass of another, inheriting characteristics from its parent superclass. All classes are subclasses of owl:Thing, the root class

•

Properties: A property is a directed binary relation that specifies class characteristics.
They are attributes of instances and sometimes act as data values or link to other instances. Properties may process logical capabilities such as being transitive,
symmetric, inverse and functional. Properties may also have domains and ranges.
o

Datatype properties: Datatype properties are relations between instances of
classes and RDF literals or XML schema datatypes. They are formulated using owl:DatatypeProperty type.

o

Object properties: They are relations between instances of two classes. They
are formulated using owl:ObjectProperty.

•

Axioms: Represent background knowledge/constraints
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The formal semantics of OWL allows us to perform reasoning tasks, such as:
Consistency checking ensures that ontology does not contain any contradictory facts. Concept satisfiability checks if is possible for a class to have any instances. Classification
computes the subclass relations between every named class to create the complete class hierarchy. Realization finds the most specific classes that an individual belongs to; or in other
words, computes the direct types for each of the individuals.

Benefits in context representation
Although RDFS can be used as representation formalism for SW-ontologies, its expressiveness does not allow the creation of elaborate domain models beyond simple class
hierarchies. If the task requires the creation of a heavyweight ontology modelling deep-level
domain semantics a more complex ontology language should be used. Well-defined semantics is necessary for supporting machine interpretability, as it allows avoiding potential
ambiguities in the description interpretations. Hence the higher the formality of the ontology
language, the more complex reasoning it allows, the more useful developed ontologies can
be.
Specifically, as stated in [20] OWL dominates RDFS over 3 main axes:
1. Larger vocabulary: OWL includes all of the keywords from RDFS such us
rdfs:type, rdfs:domain, and rdfs:subproperty. However OWL enriches this vocabulary by adding more words that lets us describing our data in terms of set
operations, define equivalence across databases or restrict property values. This
functionality is respectively supported by the following keywords: owl:unionOf,
owl:sameAs, owl:allValuesFrom etc.
2.

Constraints and computability: OWL lets us decide how expressive we want to
be, given the computational realities involved. In fact, OWL lets us restrict our
data modeling options to those that enable faster search queries, those that enable
conceptual reasoning or those that can be easily implemented with rule engines.

3. Annotations: OWL gives us a rich variety of annotations such as owl:versionInfo,
owl:backwardsCompatibleWith and owl:deprecatedProperty, which can easily be
used link data models together into a mutually coherent whole.
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3 Related Work
3.1

Context Modelling

In this subsection we will present some of the most well known ontologies that model the
context in pervasive computer environments.
3.1.1

OWL encoded context ontology (CONON)

X.H.Wang et. al [21] in their paper, proposed an ontology for modeling context in pervasive
computing environments and for supporting logic-based context reasoning. CONON
provides an upper context ontology that captures general concepts about basic context, and
also provides extensibility for adding domain-specific ontology in a hierarchical manner.
They also used logic reasoning to check the consistency of context information and to reason
over low level, explicit context to derive high-level implicit context.
Specifically they found that all the information about the executing situation could be
captured by four fundamental contextual entities: location, user, activity and computational
entity. These entities constitute an upper level ontology, which is extended and specialized in
domain specific ontologies. Figure 3 shows the relations between the entities of the upper
ontology as well as a partial definition of specific ontology for a smart home application domain.

Figure 3 Partial definition of a specific ontology for a home domain
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The reasoning tasks in their work are grouped into two categories: a) ontology reasoning
using description logic, which includes concept satisfiability, class subsumption, class
consistency and instance checking and b) user defined reasoning using first-order logic for
deriving the user’s situation.
The main drawback of CONON ontology is that it does not take into account the environment, so it is unable to handle information about it.

3.1.2

Standard Ontology for Ubiquitous and Pervasive Applications (SOUPA)

SOUPA [22] is also an ontology designed to model and support pervasive computing applications. It is expressed using the Web Ontology Language OWL and includes modular
component vocabularies to represent intelligent agents with associated beliefs, desires and
intentions, time, space, events, user profiles, actions and policies for security and privacy.
The design of SOUPA is driven by a set of use cases. They designed SOUPA as a shared
ontology that combines many useful vocabularies from different consensus ontologies. It
consists of two distinctive but related set of ontologies: SOUPA Core and SOUPA Extension. The set of SOUPA Core ontologies attempts to define generic vocabularies, that are
universal for different pervasive computing applications. The set of SOUPA Extension ontologies extended from the core ontologies, define additional vocabularies for supporting
specific types of applications and provide examples for the future ontology extensions. Figure 4 shows a diagram of the ontology documents and their associated relations.

Figure 4 SOUPA consists of two sets of ontology documents: Core and Extension.
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The set of Core Ontology consists of vocabularies for expressing concepts that are associated with person, agent, belief-desire-intension (BDI), action, policy, time, space and event.
The ontologies are grouped into nine distinctive ontology documents connected to each other
with the owl:import construct. The SOUPA Extension ontologies are defined with two purposes: (i) define an extended set of vocabularies for supporting specific types pervasive
application domains, and (ii) demonstrate how to define new ontologies by extending the
SOUPA Core ontologies.
However, SOUPA cannot be applied directly to support interoperability and intelligence
in domotic systems. No primitives are provided for modelling devices, functionalities etc.
But it can be useful in a multilayer approach.

3.1.3

Context Broker Architecture (CoBrA)

The same team that developed SOUPA also introduced an ontology suitable for building
smart meeting rooms. CoBrA [23] is a broker-centric agent architecture for supporting context-aware systems in smart spaces. Central to CoBrA is an intelligent broker agent that
maintains a share model of context for all agents, services and devices in the space and protects users’ privacy by enforcing the policy rules that they have defined. The ontological
component of this context model is COBRA-ONT and it is a collection of OWL expressed
ontologies. It models themes varying from physical locations, devices and agents (both human and software) to temporal concepts, privacy requirements and other. The first versions
of COBRA-ONT considered as key concepts only the person, tha place and the intention of
activity. Later versions, though abandoned the initial schemata and instead imported upper
ontologies developed in the SOUPA ontology [22]. The main disadvantages of COBRAONT are that it does not have upper level ontology model. It represents implicitly time and
temporal relations and it does not take into account indoor localization of objects.
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3.1.4

Aspect-Scale-Context (ASC) - Context Ontology Language (CoOL)

ASC [23] is a model developed by Thomas‘ Strang team and it is defined by three concepts: aspect, scale and context information. In a few words, aspect is a classification,
symbol- or value- range, whose subsets are a superset of all reachable states, grouped in one
or more related dimensions called scales. A context is the set of all context information characterizing the entities relevant for a specific task in their relevant aspects. Each aspect
aggregates one or more scales, and each scale aggregates one or more context information.
The model has been implemented applying selected ontology languages. These implementations build up the core of a non-monolithic Context Ontology Language (CoOL) [23],
which is supplemented by integration elements. Beyond determination of service interoperability in terms of contextual compatibility and substitutability, this language is used to
support context-awareness in distributed service frameworks for various applications. For
instance a contextual motivated non-carrier service handover is presented as one of the applications [24].

3.1.5

User profile modelling approaches

In this paragraph we will describe the most common ontologies used for user profiling in
context aware pervasive systems.
General User Model Ontology (GUMO) [33] captures various user dimensions in order to
support the modelling and reasoning of context information. The advantage is the simplification for exchanging user model data between different user-adaptive systems. Since GUMO
models a wide range of users’ characteristics, its main contribution is a common vocabulary
for context-aware systems. GUMO is influenced by UserML [34], SUMO [35] and UbisWorld [36].
User Navigation Ontology (UNO) [37] is a specialized extension of GUMO and eliminates the redundant information modelled in GUMO. The main contribution of UNO over
GUMO is that it does not only provide a core knowledge base (i.e. taxonomy and assertions
of individuals) for basic classification of users and their characteristics. In UNO, various
transformations (i.e. instances to classes and instances to binary relations) have been performed in order to enable more complex concept expressions for describing user class.
User Profile Ontology with Situation-Dependent Preferences Support (UPOS) [38] is an
ontology that is dedicated to describe situation-dependent sub-profiles. This ontology can be
used by context-aware adaptive service platforms for mobile communication and infor-
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mation services to automatically trigger the situation-dependent personalization of services.
The ontology enables the easy specification of situation conditions and situation-dependent
sub-profiles.

3.1.6

Context Modeling using Logic Based Models

In such models, the context is consequently defined as facts, expressions and rules. Usually contextual information is added to, updated in and deleted from a logic-based system in
terms of facts or inferred from the rules in the system respectively. Some logic-based context
modeling approaches are briefly presented in this paragraph.
McCathy and his group at Stanford [25,26] introduced contexts as abstract mathematical
entities with properties useful in artificial intelligence. He tried to give a formalization recipe, which allows for simple axioms for common sense phenomena, to be lifted to context
involving fewer assumptions. The main focus of Giunchiglia’s approach, sometimes referred
to Multicontext Systems, is less on context modeling than on context reasoning [27, 28]. He
takes a context to be that specific subset of the complete state of an individual entity that is
used for reasoning about a given goal; it is seen as a (partial) theory of the world, which encodes an individual’s subjective perspective about it. Another early representative of this
kind of approach is the Extended Situation Theory by Akman and Surav [29]. As the name
implies it extends the Situation Theory, which has been proposed by Barwise and Perry [30].
Barwise and Perry tried to cover model-theoretic semantics of natural language in a formal
logic system. Akman and Surav used and extended this system to model the context with
situation types, which are ordinary situations and thus first-class objects of situation theory.
The variety of different contexts is addressed in form of rules and presuppositions related to
a particular point of view. They represent the facts related to a particular context with parameter-free expressions supported by the situation type, which corresponds to the context.
A similar approach is the Sensed Context Model proposed by Gray and Salber [31]. They
used first-order predicate logic as a formal representation of contextual propositions and relations. As a last approach within this category we suggest the multimedia system by Bacon
et al. [32]. In this system the location as one aspect of the context is expressed as facts in a
rule based system. The system itself is implemented in Prolog.
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3.2

Projects on Ambient Assisted Living

In this subsection we will describe some representative projects, which deal with the
needs of Ambient Assisted Living environments. In the literature there is a lot of research
that has been done in this area, but we chose to present those that are closer to our approach.
3.2.1

SOPRANO: Service-Oriented Programmable Smart Environments for Older
Europeans

The aim of SOPRANO [39] project is oriented to assist older Europeans to lead a more
independent life in their familiar environment. Their approach is based on a combination of
ontology-based techniques and a service oriented device architecture. They separate different
aspects of the system like sensors and actuators, context information and system behaviour
providing a framework that defines contracts for different solutions contributors utilizing
semantic technologies. Below, the three main components that compound the system are
briefly described:
1. The SOPRANO ontology is separated in low and high level ontology. The lowest
level provides a vocabulary for the semantic description of services and the state
of all supported devices, while the high level ontology defines a vocabulary centred on the environment of the AP. Figure 5 shows the core concepts and
properties of the SOPRANO context ontology.

Figure 5 Extract of the SOPRANO ontology
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2. The service-oriented infrastructure constitutes the most basic layer of the architecture as it supports all inter-component communication and the complete
service lifecycle. The specific infrastructure is based on the open-source implementation of OSGi-framework [40] offering the opportunity to easily add and
exchange new system components.
3. The SOPRANO Ambient Middleware (SAM [41]) facilitates semantic service
matchmaking, access to and management of context data, automatic contextaware mapping of actions described on a higher sematic level to the actual incorporated actuators and a workflow management system.

3.2.2

Secure and Independent Living (SINDI)

SINDI [42,43] is one more Ambient Assisted Living project designed to support elderly
people enhancing autonomy and increasing the quality of their lives. Through their Wireless
Sensor Network Component they gather data about specific situations of the inhabitant ‘s
state such as simple movements, activities, walking, falls etc. and based on Answer Set Programming (ASP), they perform three main reasoning tasks: i) continuous contextualization
of physical, mental and social state of a patient, ii) prediction of possibly risky situations and
iii) identification of plausible causes for the worsening of a patient’s health. They use logicbased approach for modeling the context with four main entities composing it: Person,
Room, Area and Object. After gathering data from sensors, and translating them into facts
for ASP, the reasoning that follows not only monitors his daily activities but also predicts
crucial aspects, related to his health or not, as well as prevents them to happen. In cases that
the system has to intervene, it provides feedback in different ways, such as suggestions,
alerts, alarms, notifications and reminders.
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3.2.3

VAALID

VAALID [44] project is a set of ontologies designed to model and characterize an AAL
environment, the involved actors and different kinds of spaces and devices. More specifically through this set of ontologies they model information about the profile of the user, the
environment (concerning localization, surrounding objects, environmental conditions etc.)
the available services and their characteristics and about the existing infrastructure (devices,
network connection etc.). Although their research is fully focused on entirely modeling the
information about interactions in an AAL system, they do not suggest any reasoning techniques that would infer extra knowledge except the one modeled by the ontologies.

3.2.4

Other Ambient Assisted Living Projects

In the previous paragraphs we described projects dealing with Ambient Assisted Living
aspects, which are somehow closer to our approach. However, the last years, a significantly
large number of organizations in Europe have been worked on this area with satisfactory results and acceptance of the elderly persons. In some areas such systems have already been
installed in houses. Ambient Assisted Living Joint Programme (AALJP) is a European program, which aims to provide innovative ICT-based solutions including innovative products,
systems or services to enhance older adults’ quality of life and to strengthen the industrial
base in Europe. It is a common funding activity driven by 23 Partner States with the financial
support of the European Commission. In [45] someone can find a short description of all
projects developed under the support of AALJP. Some of them are the following:
• ALADDIN is a technology platform that supports patients with Demendia. The
functionality it provides is risk assessment and the early detection of crucial situations. It also provides the means for the self-care and self management of chronic
conditions and generally improves the quality of the parient’s life in a user friendly
way.
• BEDMOND project aims at developing an ICT-based system for an early detection
of Alzheimer’s disease and other neurodegenerative diseases, based on behavioral
change approach and focused in elderly people while living home. In this way
health professionals can later apply an also early treatment.
• CARE targets the automated recognition and alarming of critical situations (like fall
detection) using a stationary (and non-wearable) technology and real-time processing while preserving the privacy and taking into account system dependability
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issues, especially ensuring reliability, availability, security and safety from a holistic point of view.
• HMFM aims at developing a low cost infrastructure based on RFID based NFC tags.
The users can use a non-discriminating device, which is familiar for them, such as
their own mobile phone to access the services provided.
• IS-ACTIVE ‘s general objective is to devise a person-centric healthcare solution for
patients with chronic conditions based on miniaturized wireless inertial sensors,
which provide distributed motion capture and intelligent recognition of activities
and situations. The home becomes the main care environment, where patients can
receive real-time feedback in order to monitor self-manage and improve their physical conditions according to their specific situation.

- 25 -

- 26 -

4 System Analysis
In this chapter we will describe our approach to the problem of helping old people feel
more independent and safe in their own home taking care of their disabilities, habits, and
generally their profile. Such people constitute the final users of our system, which is designed to work in the environment of the home and generate interactions between this and
the inhabitant. In general we developed a framework that takes as input the whole context
(including the profiles of the involved user, information about the home environment and the
available resources) and the dynamic data created by events and gives as output actions like
altering the environmental conditions and the status of the resources.
By integrating heterogeneous technologies for information management and knowledge
representation, our framework transforms real data gathered by the environment, to structured information, in order to recognize the activity of the user and the environmental
conditions and produce the appropriate reaction back to the environment. A great importance has been given in modeling and structuring the gathered data. Specifically with the
use of ontologies we capture all the aspects and their relationships are relevant with the kind
of assistance we aim to offer. Based on this structure we use case based reasoning algorithms
for the activity recognition. The intelligence of the system, meaning the way it responds to
changes of the environment in order to meet the needs of the inhabitant, is succeeded via rule
engines. We will analyze each module in details in the continuity of the chapter.
A primary demand of the current system is that it has to be executed online, giving the
extra difficulty that the actions must be taken at the right moment and the characterization to
our system as real-time. This was also mentioned in [46] where they said that real-time systems are those systems in which their correctness depends not only on the logical results of
computation but also on the time at which the results are produced. For that reason, the parameter of time should also be taken into consideration.
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4.1

System architecture

Figure 6 depicts the system architecture and its components. It is divided into four fundamental modules: Knowledge Base (KB), Ontology-Reasoning, Activity Recognition and
Assistance Reasoning.

Figure 6 System architecture

Knowledge Base component is the part of the system which is responsible for the
representation of the context information in the structured form specified by OWL-DL
semantics – ontology schema, instances of our modeled classes and properties. We exploit
most of the capabilities OWL provides, such as reusability, sharing and extensibility in a
way to offer a wide representation of the context in our domain. As shown in figure 4
independent ontologies are combined (Core, Person Profile, Time and Health) and create the
final one, which is Assisted Living Ontology. In our approach KB consists the central
component which provides all the necessary information to the rest of the components in
order to produce their results. The Middleware component is the component that handles
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the services. In particular it undertakes to catch the events occurred in the environment and
to create the actions to the environment resulted by the assistance component. Although this
component is necessary for our system to perform, it does not consist part of it, but we make
a simple use of its services. The Ontology Reasoning does what it’s name means: makes
inferences on the ontology information. This procedure constitutes the first level reasoning
of our system and it is not related with the assistance meaning that it does not cause any activation of services. As we will see in details later, it uses SWRL rule language, which
includes user-defined rules written and executed on the available context information in order to infer additional knowledge and conclusions about it. In practice it is not precisely
separate from the knowledge base component but we present them as separates for the purpose of the intuitive comprehension of how the system works. Activity Recognition
component exploits a specific piece of the ontological information (Instances of the class
Simple Event as we will see in the continuity) and translates it into data applied to case based
reasoning algorithms to generate predictions about the activity happening in the environment. When the activity is recognized, it is written back to the ontology for further
processing. Last component is the Assistance Reasoning, which contains rules written in Jess
language. It is responsible for creating the reactions of the system according to the current
information in the ontology that each time holds the existing situation of the user and his surrounding environment. We chose to use rule-based approach for this task for the basic
advantage that a user can simply reconfigure the behavior of the environment by defining
new rules, without having to change the source code. Although SWRL is a rule engine developed exactly for inferring ontology information, it has restricted capabilities concerning
the expressiveness we can achieve by its use. Functionality like negation is not supported by
its semantics. So, to support the requirements of our system we needed a more expressive
and generic rule engine that would be easy to be combined with OWL and would directly
generate actions according to the conditions expressed by the rules.
In the previous paragraph we made a brief description of each component. Next sections
give details about each one and the exact way they are executed and integrated.
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4.2

Knowledge Base - Ontology component

In this section we will describe in details our knowledge base that consists of a two-level
ontology schema. As is also shown in figure 6, we created some independent ontologies each
modeling a different information, and these are: Person Profile, Health, Time, and Core.
Core ontology constitutes the upper level ontology that captures the general aspects of a
smart environment. The rest ontologies are domain specific as they are focused on the concepts of Ambient Assisted Living domain. All these different ontological parts are connected
in order to create a complete representation of the described context, constituting the domain
specific ontology. The reason of choosing to create a multi-level ontology is because of the
high reusability succeeded across specific domain applications, as well as it makes it easier
to extend and maintain the individual ones. In the next paragraphs we will present each part
separately and with the terms of their schema, instances and relationships between them.
Each schema is depicted, both as taxonomy of the included classes as well as by the relations
between them that represent the properties of the Web Ontology Language.

4.2.1

Core Ontology

Core Ontology is an upper level ontology we developed in our team in order to describe
some basic abstract concepts. In general, upper level ontologies capture mostly concepts that
are basic for the human understanding of the world [47] and act as a foundation for most
specific domain ontologies in AmI systems. Core ontology is a variation of CONON upperontology [21] as we found it fit better to our approach after a wide research in the literature.
We kept the concepts it defines, although we adjusted some of them in a way to be more accurate and we also added three other entities: the parameter of the environment because, as
we said before, it was not supported by CONON, the entity Simple Event to describe distinct
events and the entity Time to represent every temporal concept. So we defined seven entities
that describe abstractly a smart space and the interactions with the users: Location, Environment, Simple Event, Person, Time, Activity and CompEntity. Some of them are extended
inside the core ontology as shown in figure 7, which depicts the taxonomy of the classes.
The black continuous arrows indicate the inheritance between the classes. In this picture the
datatype properties of each class are also depicted inside the blue frames. The dashed arrows
indicate these properties and those, which are connected to a superclass, are also inherited by
its subclasses. Now we will give a short description of each class.
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Figure 7 Class Taxonomy of Core Ontology

•

Context Entity: It is an abstract class describing the general concept of an Entity considered in an AmI context. It is the superclass of the rest classes in the ontology.

•

Location: This class describes the localization of an entity in the spaces of the home.
The entity may be a person, a device, a resource, or a subarea in a specific room (e.g.
the space around the TV). How we describe a location may be substructure and may
differ according to the needs of the application. There are many ways to describe a
localization inside an area: by using absolute coordinates on the axis x,y,z, by using
the whole area of a room, or as a relative location in relation to another entity. The
first two cases are expressed in the core ontology, as subclasses of the Location class,
while for the last case we defined some object properties expressing all the possible
relative locations may exist and they are analyzed together with the rest object properties.
o Absolute Coordinates: A way to describe a location is through the x,y,z axis and
they are expressed as data type properties. This class describes such localizations
using a specific room as a reference point.
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o Indoor Location: Instances of this class are the distinct rooms included in the current home. For example kitchen, living room, bedroom, bathroom etc. constitute
the individuals.
•

Environment: Essentially, with the concept environment we mean the environmental
conditions in a specific room or in the whole house. The conditions are expressed as
data type properties of the class and they include humidity, lighting, noise, pressure
and temperature as shown in figure 7. Instances of Environment class are of the form
KitchenEnvironment, LivingRoomEnvironment, HomeEnvironment etc. according to
which space’s conditions are concerned.

•

Simple Event: This class captures all primitive events that are in most cases events
with no duration occurred at a specific time stamp. Generally we could say that simple events are at the level of sensors data with the meaning of an individual piece of
information. The reason for the existence of such a class, except the intuitive representation, is because of the nature of the activity recognition system, which takes as
input instances of a specific class that indicate the existing conditions in order to
make the recognition of more complex events, e.g. the occurred activity. Examples
of some simple events could be: “person located in bedroom”, “lights on/off”, “phone
ringing” etc. Instances of this class are not created at run time, but they exist from the
beginning in the knowledge base, so when a simple event occurs in the smart space,
the corresponding instance just becomes true through the dataproperty isActivated as
we will later see.
o Internal: This subclass represents the simple events that take place inside the
smart space.
o External: Those coming from outside of the smart space are classified in this subclass.

•

Person: This class represents the general aspect of the involved persons’ profiles and
it is extended in the specific ontologies because each domain application needs different characteristics of its users. In our approach this class is equated with the
commensurate class of a complete ontology about the profile of a user in our domain.

•

Activity: It’s the abstract concept capturing every activity may occur in the smart
space. Essentially the meaning of activity indicates the current situation of the involved users. They arise from the execution of algorithms for activity recognition,
which take as input the simple events occurring at each time and return estimation
about the activity.
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•

CompEntity: Every resource in the smart space that can be used for the purpose of assisting the users can be classified into this entity. It is characterized by the status
property and the way the resource interacts with the environment is by changing the
value of this property. It is divided into three subclasses: device, resource and services.
o Device: Describes all devices included in the area. It concerns all the electric devices and can be handled by the AmI system. For example TV, Mobiles,
Projectors, air-conditions etc. are all included in this category.
o Resource: Captures all the furniture in the area. For example doors, windows, tables etc.
o Service: Captures the system services that handle the above resources. There are
two types of services, listeners which listen and catch the occurred events and actuators that change the status of the devices and the resources

•

Time: This class is equated with the Time ontology defined by W3C [48], which has
provided some standards about every aspect may concern the time. They make use of
Allen’s Algebra [49] to define the temporal relations of two intervals.

In the previous part of the paragraph we presented the classes included in the core ontology and the datatype properties each one is connected. Figure 8 describes the way these
classes are connected each other and their relations are expressed as object type properties in
the OWL schema.

Figure 8 Relations between classes in Core ontology
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The information someone can derive from the picture above starting with the class Person
is in which room he is located each time (hasLocation), in what kind of activity he participates (participatesIn) and which is the relative Location in relation to a computational entity:
a device or a resource (hasRelativeLocation). The relation (hasLocation) that concludes to
the class Location also originates from classes CompEntity, Activity and Simple Event and
this is used in the description of their localization for offering the right assistance. The recursive relation hasRelativeLocation on CompEntity describes the relative location between
two instances of CompEntity class. What we also need to know about the instances of Location, which essentially describes a specific room or the whole house, has to do with their
environmental conditions and for that reason it is connected with the class Environment
(hasEnvironment). Instances of Simple Event, except from the room they take place, are also
connected with the classes Activity (includedIn) indicating whether a simple event is part of
a general activity or not and with the Time class (in dateTime) showing the specific
timestamp the simple event occurs. The recursive property on this class (follows To/ parallel
To) means the temporal relations between two simple events. The connection between the
Activity class and Time (hasBeginning / end / duration) indicate the start and end time of an
Activity as well as the duration it takes to be completed.

Figure 9 Object Properties hierarchy in Core ontology

In figure 9 we can see the hierarchy of the object properties. Most of them are obvious
concerning their use and semantics. The only property that needs an additional analysis is the
“located”. The categorization of this property to the sub properties hasLocation and hasRelativeLocation symbolizes the different ways someone can express the localization of an
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entity: as an absolute location (in which room or at which coordinates) or as a relative location, in relation to another entity. The sub property hasLocation indicates the placement in a
general area or room, so it connects the concerned entity (Person or CompEntity) with the
class Location. The sub property hasRelativeLocation determines the relative localization
and it is analyzed to 9 more sub properties describing all possible ways two entities may be
relatively located in a room. The domain of super-property “located” is the union of the classes Person, Device, Resource and Location and the range is the class Location. At this point,
constraints of the OWL language are being used on the sub-properties in order to restrict the
domain and range inherited by the super property “located. Such constraints are of the form:
“the range of sub property ‘behind’ gets values only from classes Device and Resource” and
“the range of sub property ‘hasLocation’ gets values only from class Location”.

4.2.2

Person Profile Ontology

Person Profile Ontology is the responsible ontology for modelling the profile of the user
in the domain of Assisted Living. It captures all those characteristics of a user’s profile that
should be taken into consideration by a system whose basic priority is to provide a complete
assistance customized to the needs of the assisted person. Figure 10 shows the taxonomy of
the classes in the ontology.

- 35 -

Figure 10 Class Taxonomy of Person Profile Ontology

•

Person: It is the central class of the ontology, which represents the users involved in
the system. The class is divided into Relative, Doctor, Assisted Person and Neighbor. The class Assisted Person is equated with the class Person of core ontology and
indicates the person, who is under the support of the system. Relative class represents people that have kinship with the Assisted Person. Doctor class holds the
responsible doctor of the assisted person, while Neighbor is informed in case of
emergency as the nearest person. Some common characteristics describing them are
defined as data type properties in the class Person and they are: first name, last name,
gender. The Assisted Person class defines some extra characteristics needed for his
support and those are: age, current situation, and weight and height.

•

Habit: This class describes the habits of the assisted person in order to be taken into
consideration in the process of the assistance. They are divided into habits related
with activities of daily living (ADL), for example those that have to do with the ac- 36 -

tivities of sleeping, watching TV, eating etc. and habits concerning the social life of
the person. Some of them may be characterized by periodicity and this justifies the
assigned data properties.
•

Impairment: Describes every kind of impairment a person may occur concerning
hearing, visual, mobility, speech and health impairments. The context adapts according to the impairment of the assisted person has. It is characterized by level and type
properties, indicating the rank of the malfunction.

•

Contact Profile: This class holds information about the ways someone can contact
with the assisted person, including his address, email (if existing) and his telephone.

•

Preference: Indicates every kind of preferences the user may have. For example we
can concern a preference about the devices.

Figure 11 depicts how the basic class Person is connected with the rest of the classes in
the ontology. The properties do not need more description, as their name is representative of
their role as well as the classes they connect.

Figure 11 Relations between classes in Person Profile Ontology
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4.2.3

Health Ontology

Health ontology describes the basic concepts needed in order to offer the necessary support with the daily treatment of a disease. Through the schema of this ontology, the
knowledge base keeps information about the diseases the inhabitant suffers from and which
is the required treatment in order to deal with them. It is an independent ontology that could
be used by any domain dealt with a health profile of a patient. Specifically the involved classes as shown in figure 12 are:
•

Disease: This class models every kind of diseases a patient may have and in which
level of gravity it is. Diseases are divided into mental, that is problems on mind, and
pathologies that are physical malfunction of the organization. In our approach instances of this class are only diseases that need medical attention. It does not regard
permanent disabilities. These are kept in the profile of the user.

•

Symptom: Instances of this class describe any symptom may occur to the patient and
it can be relevant or not to a disease. In both cases it will need a treatment to be
solved.

Figure 12 Class taxonomy of Health ontology
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•

Treatment:

This class is related with the disease class and describes kinds of

treatment including medication, actions or measurements. An example of an action
would be injection for insulin, while an example of measurement would be for blood
pressure. Instances of Treatment class are characterized by name, periodicity,
frequency and date and time of the next treatment. These characteristics are
expressed as datatype properties. The datatype received is a boolean property which
becomes true when the patient takes his treatment at the right time. The property
“periodicity” takes values: day, hours etc. representing the unit of time that elapses
between two treatments while the property “frequency” represents the number of
such units. For example the expression “every 8 hours” is translated as periodicity=hours and frequency=8.
•

Restriction: This class expresses the restrictions a disease may have concerning
activities, environmental conditions, medication and nutrition.

Figure 14 shows the object properties describing the relations between the classes in the
ontology as well as the way they are connected with the class person of the Person Profile
ontology in the final ontology, which is Assisted Living Ontology.

Figure 13 Relations between classes in the Health ontology
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4.2.4

Assisted Living Ontology

The composition of the described ontology schemas together with the Time ontology of
W3C, create our domain specific ontology that is assisted living ontology. The schemas are
imported to the final ontology through the mechanism owl:import provided by OWL language. New relations between the classes of the separate ontologies are inserted providing a
rich context upon which, a wide range of use cases can be impressed. Some representative
relations that are inserted to the final ontology are shown in figure 19. The dotted arrows represent the preexisting relations in the initial ontologies, while the rest arrows show the newly
inserted object properties. The classes of core ontology are deeply specialized to capture all
entities may exist into a smart space of Ambient Assisted Living attributing them additional
characteristics, that are useful along the procedure of assistance. All data from sensors are
translated into instances of this ontology and as an extension every kind of reasoning is applied on these instances.

Figure 14 New properties in Assisted Living ontology

Some semantic features of OWL when two or more schemas are composed, that could be
mentioned at this point concern the way classes from different ontologies that have the same
name are disambiguated. This demarcation is achieved with the use of namespaces offered
by RDF and as a consequence by OWL. Each schema is characterized by a prefix, which is
placed in front of the included classes. For example if the core ontology is characterized by
the “core:” prefix, the class Environment is defined as “core:Environment” inside the Assisted Living ontology. The same is applied to the properties.
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4.3

Ontology reasoning component

As mentioned before, this component is responsible for executing the ontology reasoning
or the first level reasoning. This kind of reasoning is executed on ontological data, generates
new knowledge according to the existed one and injects it back to the base. Reasoning of this
level does not cause any changes in the environment. OWL-DL supports both processes of
this level of reasoning. The validation of ontological data (consistency and classification) is
achieved with the use of Pellet reasoner, while the inference of additional knowledge is supported by SWRL language, which is a rule language designed on the semantics of OWL
language. The execution of SWRL rules produces conclusions in the form of new instances
or new properties between existing instances. Below we will describe our approach about
this component.

4.3.1

SWRL Rule engine

SWRL [52] is a Semantic Web Rule based on a combination of the OWL-DL and OWLLite sublanguages of the OWL Web Ontology Language combined with those of the Rule
Markup Language (Unary/Binary Datalog). SWRL has the full power of OWL-DL but at the
price of decidability and practical implementations. It provides more powerful deductive
reasoning capabilities than OWL alone. Rules are of the form of an implication between an
antecedent (body) and consequent (head). The intended meaning can be read as: whenever
the conditions specified in the antecedent hold, then the conditions specified in the consequent must also hold. Both the body and the head consist of positive conjunctions of atoms:
Atom ∧  Atom  ∧  ….  -‐>  Atom  ∧  Atom  ….  
where an atom is an expression of the form: p (arg1, arg2, …., argn), with p indicating a
predicate symbol and arg1, arg2 … argn arguments of the expression. Typical SWRL reasoning occurs on property and instance levels.
Our system exploits the capability of inferring new knowledge in the ontology in a way of
creating the Simple Events needed as input to the component of Activity Recognition, as
well as for producing new data that cannot be taken directly from sensor network, but which
stand according to the current information in the ontology. We have created a set of SWRL
rules including general rules for both categories, expandable for more specific rules that
would express different scenarios and would generate conclusions according to the needs of
the current application of the system. To achieve catching as many as possible simple events
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and decrease the amount of the missing ones, SWRL is executed every 3 seconds keeping
the knowledge base continuously up to date.

4.3.2

SWRL for Simple Events

Reiterating the notion of Simple Event in our approach, instances of this class are referred to primitive information, including instant events like “Doorbell rang” or information
like “person located in Kitchen”. They become true or false according to what happens in
the area of the smart space. Sensors data are translated into instances and properties in the
ontology and then this category of SWRL rules is executed over them, in order to make inferences about which simple events will be set to true each time and to create the input for
the activity recognition system. Because of the fact that Simple Event class is connected with
the property hasLocation in the ontology, the SWRL rules also produce this information: in
which RoomArea the Simple Event is occurred.

Such rules, which produce simple events obey to a common format which is:
Format: current conditions in knowledge base ^ hasLocation(RelatedEntity, ?x) ^ isActivated(SimpleEvent, false) → isActivated(SimpleEvent, true) ^ hasLocation(SimpleEvent,
?x)

Some representative rules that handle the simple events are the following:
Rule 1: core:RoomLocation(x) ^ core:beingOn(User, Bed) ^ core:hasLocation(Bed, ?x) ^
core:isActivated(PersonOnBed,

false)

→

core:isActivated(PersonOnBed,

true)

^

core:hasLocation(PersonOnBed, ?x)
Description: When the User is identified that he is lying on the bed, the PersonOnBed
simple event is set to true, and the location of the simple event is set to the one where the
Bed is located.

Rule 2: core:RoomLocation(x) ^ core:facing(User, TV) ^ core:hasLocation(TV, ?x) ^
core:isActivated(Facing_TV,

false)

→

core:isActivated(Facing_TV,

core:hasLocation(Facing_TV, ?x)
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true)

^

Description: Assuming that we have a service that recognizes the orientation of a person’s
head in our disposal, when he is facing on the TV, the Facing_TV is set to true and its location is set to the location of TV.

Rule 3: core:hasLocation(User, LivingRoom) ^ core:isActivated(User_In_LivingRoom,
false) → core:isActivated(User_ In_LivingRoom, true) ^
core:hasLocation(User_In_LivingRoom, LivingRoom)
Description: The User is located in the living room and the corresponding Simple event
becomes true.

Rule

4:

core:RoomLocation(x)

core:hasLocation(User,

?x)

^

^

person:situation(User,

“speaking”)

core:isActivated(Person_Speaking,

false)

^

→

core:isActivated(Person_Speaking, true) ^ core:hasLocation(Person_Speaking, ?x)
Description: When the system recognized that the user is speaking, sets the corresponding
simple Event to true. This simple event is mostly used for the activity of talking on phone.

Rule 5: core:RoomLocation(?x) ^ core:Environment(? y) ^ core:hasLocation(User, ?x) ^
core:hasEnvironment(?x, ?y) ^ core:lighting(?y, ?light) ^ swrlb:greaterThan(40, ?light) ^
core:isActivated(Low_Level_Lighting,false) → core:isActivated(Low_Level_Lighting, true)
^ core:isActivated(Medium_Level_Lighting,false) ^
core:isActivated(High_Level_Lighting,false) ^ core:hasLocation(Low_Level_Lighting, ?x)
Description: If a user is located in a room and the lighting is lower than a specific threshold, then the simple event Low_Level_Lighting is enabled, while the simple events for
medium and high level lighting are set to false, as they cannot stand together.

Rule 6: core:hasLocation(User, Home) ^ core:temperature(HomeEnvironment, ?x) ^
swrlb:greaterThan(19, ?x) ^ core:isActivated(LowTemperature, false) →
core:isActivated(LowTemperature, true) ^ hasLocation(LowTemperature, Home)
Description: This rule enables the simple event LowTemperature when the temperature of
the house is under 19 degrees Celsius in order to turn the radiator on.
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With equivalent rules we can produce any simple events needing for the recognition of an
activity. The main limitation of this approach is caused by the fact that SWRL does not support negation so it is difficult to express the opposite knowledge: when a simple event
becomes false. For this reason we have created complementary simple events that express
mutually exclusive knowledge or facts that cannot be simultaneously true. For example the
simple event Low_Level_Lighting is mutually exclusive with the simple event Medium_Level_Lighting.

4.3.3

SWRL for Inferring Knowledge

This set of rules includes SWRL rules, which infer and insert new knowledge in the ontology. Inserting new knowledge means adding new instances, or linking already existing
ones with new properties. Usually it ‘s the kind of knowledge that cannot be taken directly
from the sensors level, but it is important for inferring higher-level conclusions. The rules in
this level vary according to the application and the scenarios applied and generally they conform in the following format:
Format: current conditions in knowledge base → new instances or new properties
Some examples of this form of rules are the following:

Rule

1:

core:RoomLocation(?y)

^

core:hasRelativeLocation(?z,

?x)

^

core:hasLocation(?x, ?y) → core:hasLocation(?z, ?y)
Description: The ”?z” variable may be an instance of Person, or a Computational Entity
class, as they constitute the domain classes of the property core:hasRelativeLocation. This
rule expresses that if a Person or a Computational Entity “?z” has a relative location to another Computational Entity “?x” and this computational entity is located in a specific
RoomLocation, then we can also conclude that the entity “?z” is also located in the RoomLocation ?y.

Rule 2: core:Activity(?a) ^ core:hasRoomLocation(?x) ^ core:activityStatus(?a, true) ^
core:participates(User, ?a) ^ core:hasLocation(?a, ?x) → core:hasLocation(?a, ?x)
Description: Through this rule we can make an inference about the location an activity
occurs. It says that if a user participating in this activity is located in a specific RoomLocation, then we could with great possibility conclude that the activity takes place in the same
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RoomLocation. A variation of this rule would replace the user participating in the activity,
with a computational entity utilized by the activity taking into account the RoomLocation the
second one is located.

Rule 3: core:Activity(?a) ^ core:activityStatus(?a true) ^ core:identifier(?a, ?x) ^
core:participates(User, ?a) → person:situation(User, ?x)
Description: If a user participates in an activity currently taking place, then his situation is
set as the same with the name of activity.

Rule 4: core:SimpleEvent(?x) ^ core:SimpleEvent(?y) ^ core:isActivated(?x, true) ^
core:isActivated(?y, true) ^ core:timeStamp(?x, ?x1) ^ core:timeStamp(?y, ?y1) ^
swrlb:greaterThan(?x1, ?y1) → core:precedes(?y, ?x)
Description: This rule derives information about the temporal relation between two simple events according to their timeStamp datatypeProperties. Particularly it infers if a simple
event precedes another one.

Rule 5: core:SimpleEvent(?x) ^ core:SimpleEvent(?y) ^ core:isActivated(?x, true) ^
core:isActivated(?y, true) ^ core:timeStamp(?x, ?x1) ^ core:timeStamp(?y, ?y1) ^
swrlb:equal(?x1, ?y1) → core:parallel(?y, ?x)
Description: Respectively with the previous rule, the current one infers when two simple
events occur at the same time.

As with the previous category, this set can be enriched with many more rules according to
the applied scenarios.

4.4

Activity recognition component

This component is responsible for making the recognition of the current activity in the
smart space. We used the activity recognition system of Vasilis Efthymiou [50], which is
based on machine learning techniques. After the SWRL rules trigger, the resulting Simple
Events that occurred within a time frame are sent to the Activity Recognition system, build- 45 -

ing an unsolved case. One or no activity is then recognized and the solved case is added to
the case base.
Based on a given set of activities that are to be recognized, a case base is initially created
and classified manually. It is essential for this dataset to be a product of real observations and
not just random cases. Instead of implementing the machine learning algorithms, the system
uses WEKA [51] with the default parameters, so the dataset is stored as arff file.
The activity recognition system exploits the expressiveness of the ontology and assists the
machine learning algorithms Support Vector Machines (Support Vector Machines - SVMs or
Bayesian networks) to be executed on real time. The key factor that led to the design of a
new system, using machine learning, is the lack of speed observed in the already existing
systems that use algorithms such as k Nearest Neighbor (KNN). The input of the complete
system is an ontology with instances, from which the user has to define the terms (classes)
that describe the attributes, the term that describes the solution and the term where the cases
are stored. For example, consider a simple ontology, where Case, Activity, Location, Time,
Winter, Summer, Autumn, Spring, Indoors, Outdoors, FirstFloor, and SexondFloor are classes. As expected, Winter, Summer, Autumn, and Spring are subclasses of Location and
FirstFloor and SecondFloor are subclasses of Indoors. In this ontology there should be some
Case instances like the following:
<Case rdf:ID = “Case74”>
<has-Activity rdf:resource = “#Cooking”/>
<has-Time rdf:resource = “#July”/>
<has-Location rdf:resource = “#Kitchen”/>
</Case>
where July is an instance of Summer and Kitchen is an instance of FirstFloor. The user
should define that terms Time and Location describe the attributes of the problem, term Activity is used to describe the solution and each case is stored as an instance of term Case. The
suggested solution to the problem of grasping the hierarchy information of an ontology and
storing it as attributes, is keeping the whole path of each instance in Boolean values. For example Case 74 of the example above would be stored as:
Cooking, July, 0,0,0,1,Kitchen,1,0,1,0
The Boolean values following Kitchen mean that it belongs to FirstFloor and Indoors and
not SecondFloor and Outdoors. In other words, after an attribute value, we store one Boolean
number for each of its subclasses, representing that the subclass belongs or not to the path
that leads to the instance value.
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4.5

Assistance reasoning component

This part of our system is the one that defines how it will help its users with their daily
routine. Through the functionality of the current component, all the context information is
combined in order to determine how the system will behave in the occurring circumstances.
User needs and specificities constitute a yardstick for this procedure, which leads the actions
that will take place. Our expectation about this part is that it will take as much advantage of
the knowledge base as possible in order to decrease the human attention required in tasks
that incommoded him.
The difficulty we have to face here is the wide variety of specificities may appear to the
users our system addresses since they belong in ages of 70s and older. In these ages many
health problems occur, ranging from mental malfunctions to organic diseases and impairments. Each problem needs special treatment considering so the prescribed medication as
well as the assistance with the daily activities inside the house. For example if the phone
rings, the assistance offered will be different for a person who has a hearing impairment,
than for a person who has a motional impairment. For the first one, the volume of the phone
will be set to the loudest level, or the speech will be translated to text, while for the second
one, it will be connected to sound boxes, so that he won’t need to move in order to answer.
Another criterion to decide what kind of assistance to offer is the possible habits the person
may have in relation to an activity or not. So it is obvious that once the personal element is
taken into account for this procedure, it is impossible to predict all the cases and combinations of impairments and habits a person may have and suggest solutions for all of them.
Moreover, the available devices in the house should also be taken into consideration as they
may vary between different homes.
For the above reasons, what we suggest in this section of the assistance is some basic axis
whereby the offered assistance can be directed. We have made an attempt to structure all the
possible functionality our system can support and we concluded to an intuitive classification
according to the kind of dealt situations and the services offered. What we propose is an indoor living assistance focused on two basic targets: autonomy enhancement and emergency
treatment. Below these categories are briefly described.
•

Autonomy enhancement: This category denotes all services that replace the manual
care of the basic daily tasks by the appropriate system support. It has been additional
categorized into the following subcategories:
a) Assistance with the Activities of Daily Living (ADL). It is the part of the assistance that takes into account the occurring activity after it has been recognized
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by the activity recognition system and combined with the user profile and the rest
context information causes the corresponding actions to support this activity.
b) Automatic environmental adjustment. This category includes all these actions that happen autonomously. What they do is to check whether the
environmental conditions are the desired ones. The result of their execution is
changes on the environment in a way of keeping it safe for the assisted person.
c) Handling external events. When an event from outside occurs, the system
must notify the inhabitant or react respectively.
d) Scheduled tasks (Reminding). It’s the part of the assistance that undertakes
to “remember” instead of the person. Actions in this category concern reminders of
his medication, or about a habit he may have.
•

Emergency management: It includes all the appropriate actions that have to be taken
in order to deal with a situation of emergency.

Figure 15 Categorization scheme for the functionality supported

Figure 15 describes the categorization of the types of services provided. To support the
functionality described above, we concluded to use reasoning techniques, because rather than
the defined actions to happen specific presuppositions must stand. All the assistance is in the
form of rules, which conclude to actions like changes in the status of devices, sending visual
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or sonic notifications to the assisted person to guide his behavior or informing third parties
when a human intervention is needed. In order to be more effective with the assistance, the
presuppositions of the rules at this level had to be more complex than those of the first level
reasoning and the syntax of SWRL rule language was restrictive enough to cover our needs.
For that reason we went over JESS rule language [53]. JESS is a high-level rule language
written in Java and it constitutes a generic-purpose language by offering a wide expressivity
and flexibility. Except from that, the transfer from the ontological information to Jess facts
was easier than any other rule language. The possibility that rules can cause function calls,
gave the flexibility that the conclusions of the rules to directly activate the services. Some
more details about the Jess language and its advantages are presented in Chapter 5 – Technical characteristics.
For each of the above categories we suggest a methodology, on which the rules in this
category must obey. We will continue the section, with the description of these methods and
we will also present some rule examples coming from our motivation scenario in order to
show the application of the methodologies. The rules are presented here in a human readable
form, while the JESS formulation is in the Appendix.

4.5.1

Autonomy enhancement

This category corresponds to the general behavior of the system that supports the inhabitant with his normal living, trying to decrease the required from the user attention to things
that can be solved automatically, increasing his independence and by extension his selfconfidence. Basically this category includes rules that are responsible to adjust the environment according to the user’s specificities and habits in relation to an occurred activity or not.
It also includes rules that undertake to remind him things that may or may not be important,
for example his medication or a TV show he usually watches.

a) Assistance with the Activities of Daily Living (ADL)
This subcategory includes the most complex rules, as they have to combine a lot of information in order to draw the right conclusion. The rules in this category fire after an
activity has been recognized, and they cause actions to support this activity. The possible
activities that may occur in this domain are: watching TV, sleeping, eating, bathing, reading
a book, cooking, working, dressing etc. To provide a personalized assistance, aspects from
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the profile of the user must also be inserted in the preconditions. In particular, the profile
characteristics that basically direct the system behavior are the impairments the person may
have, or possible habits and preferences in relation to the activity. Each possible combination
of the above characteristics (activity, habits, impairments) needs a different treatment so it is
difficult to define a general rule that would capture all of these combinations. So, after a
wide analysis of the possible cases, we concluded to the following forms on which the specific rules will be based:

“Activity	
  Identified	
  AND	
  (Activity	
  Habit	
  OR	
  Preference)	
  AND	
  
Impairment	
  ⇒	
  Offer	
  adapted	
  assistance”	
  
This general form describe rules that adjust the system behavior concerning so the habits
he may have in relation to the activity, as his specificities.

“Activity	
  Identified	
  AND	
  (Activity	
  Habit	
  OR	
  Preference)	
  AND	
  
NO	
  Impairment	
  ⇒	
  Assist	
  the	
  Habit”	
  
This general form includes rules that support the related with the activity user habits or
preferences if there exist no impairment to the person.

“Activity	
   Identified	
   AND	
   Impairment	
   AND	
   NO	
   (Activity	
   Habit	
  
OR	
   Preference)	
   ⇒	
   Activity	
   assistance	
   adjusted	
   to	
   the	
   Impair-‐
ment”	
  
The above form describes rules that consider the combination Activity-Impairment in
their preconditions, when there are not special habits and offer the appropriate assistance.

“Activity	
  Identified	
  AND	
  NO	
  Impairment	
  AND	
  NO	
  (Activity	
  Hab-‐
it	
  OR	
  Preference)	
  ⇒	
  General	
  actions”	
  
If no impairment of habit exists that would influence the system behavior, the system will
respond with some general actions.

Below we will present some examples of rules that constitute specific application of the
defined forms:
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Rule 1: (Watching TV Identified) AND (Hearing Loss Impairment) AND NOT (Watching
TV habits) ⇒ (Volume Increment to High) AND (Adjust Lighting)
Description: When an activity “Watching TV” is recognized the system checks if the person has a hearing impairment and he adjusts the volume to “high”. The lighting is also
adjusted.

Rule 2: (Watching TV Identified) AND (Visual Impairment) AND (TV Series of his Preference in Another Channel) ⇒ (Adapt the TV Resolution to the Impairment) AND (Inform
him about the Series on the Other Channel) AND (Adjust lighting) AND (Adjust volume to
the noise level)
Description: When the activity “Watching TV” is recognized, and there is a visual impairment to the person, then the resolution of the TV image is adapted to his problem.
Moreover, if there is a TV series that would interest him on another channel, he is informed
about it. The default actions that adjust volume and lighting are also supported.

Rule 3: (Watching TV Identified) AND NO (Impairment) AND NOT (Watching TV Habits) ⇒ (Adjust the lighting) AND (Adjust the volume to the noise level)
Description: When the activity “Watching TV” is recognized, and no impairments or habits exist, the system executes only the general actions

Rule 4: (Sleeping Identified) AND (Sleeping Habit: Low Lighting while Sleeping) ⇒
(Turn the Lights off) AND (Turn all the Devices off) AND (Close Windows and Blinds) AND
(Turn the night light on)
Description: When sleeping has been identified and there is a related habit that he sleeps
with a night light, then all the devices, lights and windows are turned down, and the night
light is turned on. The assistance of this activity is not affected by existing impairments so it
is meaningless to take them into account.

Rule 5: (Having Bath Identified) AND (Bath Habit: Listen to music) ⇒ (Turn the Radio
on) AND (Adjust the Temperature of Water) AND (Set device in the bathroom for notifications)
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Description: When bathing is identified and the person also likes listening to music in
parallel, then except the general actions for bathing that adjust the water and set device for
notifications, the radio is also turned on.

b) Automatic Environmental adjustment
This subcategory includes rules that adjust automatically the environmental parameters. It
is different than the previous category, as the rules obeying in this form don’t take into account neither the recognized activity, nor the profile of the user. They act autonomously and
essentially constitute general rules that could be applied in every house in the corresponding
domain regardless the specificities of its users. In particular they are of the form:

“Abnormal	
  conditions	
  in	
  the	
  environment	
  ⇒	
  repair	
  it”	
  
With the term “abnormal” we mean that a parameter of the environment (lighting, temperature, humidity etc.) became different than the normal, so the system has to fix it. The
repairment usually concerns changes on the status of the device that adjusts the specific parameter. This category may cause conflicting rules with those of the previous category and in
particular there is possibility that an action for supporting an activity, may cause opposite
changes to a device. In these cases, we give priority to the rules that support the identified
activity. Let’s move to some examples of rules from this case:

Rule 6: (Person located In The House) AND (Temperature is Under The Normal minimum Value) AND NOT (Person is Sleeping) ⇒ (Open the Radiator at the Required
Temperature)
Description: If the temperature of the house falls under the predefined normal value and
with the precondition that the person is awake, then open the radiator. If there were aircondition in the house instead of the radiator, the rule would conclude to open it. The opposite rule would say that if the temperature rises above the normal maximum value the aircondition must turn on.
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Rule 7: (Person located In a Room) AND (Room Lighting under required Intensity) AND
NOT (Person is Sleeping) ⇒ (Turn the lights on at the Required Intensity)
Description: If the lighting of the room where the person is located becomes lower than
the desired, then the lights are turned to the intensity needed.

Rule 8 (Day Zone is Morning) AND (Person located In the House) AND (Home Lighting
under required Intensity) AND NOT (Person is Sleeping) AND (Blinds are Down)⇒ (Raise
the blinds)
Description: This constitutes a variation of the above rule and it says that if it is morning
and the blinds are down then raise them to light the room.

c) Handling external events
This subcategory includes rules that deal with an occurred event coming from the outside
environment. For example an incoming phone, or a doorbell. In such cases, the system must
notify first of all the inhabitant and then react respectively concerning the situation and the
specificities of the person. Rules in this category obey in the following form:

“External	
  event	
  occurred	
  AND	
  Impairment	
  ⇒	
  Notify	
  the	
  person	
  
AND	
  react	
  according	
  to	
  Impairment”
The rules of this category differ from the rest to the situations they handle and the way
they react to them. The assistance offered by this set of rules also take into account the user
profile and in particular his possible impairments. Some examples of rules in this category
are :

Rule 9: (Incoming Call) AND (Person has Hearing Impairment) ⇒ (Send Notification)
AND (Enable the speech-to-text translator)
Description: This rule handles the incoming call event for a person that has suffers from
a hearing Impairment.

Rule 10: (Incoming Call) AND (Person has Motional Impairment) ⇒ (Send Notification)
AND (Connect phone to sound boxes)
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Description: A variation of the previous rule that helps a person with motional impairment to answer the incoming call.

Rule 11: (Doorbell rings) AND (Person has Motional Impairment) ⇒ (Inform him about
the visitor) AND (open the door after his approval)
Description: If the doorbell rings and the person is unable to move, the system informs
him specifically about the person and if agreed the door opens.

d) Scheduled tasks (Reminding)
The set of rules in this subcategory undertake to remind the person important things for
him. Usually they are related with his medication or a possible habit he may have. The general form of this category is:

“Scheduled	
  daytime	
  equals	
  current	
  daytime	
   ⇒	
  Send	
  reminder	
  AND	
  
Wait”	
  
“Time	
  passed	
  AND	
  (NOT	
  Response	
  Or	
  Not	
  Desired	
  Response)	
  ⇒	
  Re-‐
act”	
  
These two forms represent the complete behavior of the system for tasks that need a reminder. For those tasks, knowledge base keeps information about the time when the next
reminder must be sent. That time corresponds to the term “scheduled daytime”. When the
current time becomes equal with this, the person is notified. If he does not respond or his
response was not the desired or did not receive the desired results, the system reacts appropriately. These rules are also of general purpose, as they do not concern neither about the
person profile, nor the general context. Below we present examples of such rules:

Rule 12: (Scheduled Time for Blood Pressure Measurement equals Current Time) AND
NOT (Measurement Received) ⇒ (Send reminder)
Description: This rule is fired when the time comes for the patient to make his measurement and he has not done it yet. The action caused is that a reminder is sent. The reminders
do not only concern the measurements but any other kind of treatment according to the disease he suffers. It could also be the medication, or an action like injection if the person
suffered from diabetes. The rule remains the same for all cases.
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Rule 13: (Bad results of measurement) ⇒ (Inform the doctor)
Description: If his blood pressure is higher or lower than the normal, the doctor is informed

Rule 14: (Scheduled time for TV show equals current time) ⇒ (Send reminder)
Description: Reminder about a TV series he watches

Rule 15: (X Minutes passed) AND NOT (Watching TV Identified) ⇒ (Record the show)
Description: If after sending the notification for the show, the person has not started
Watching TV, the show is recorded.

Rule 16: (Birthday of a close person equals current date) ⇒ (Send reminder)
Description: Sends a reminder the day a relative has birthday

4.5.2

Emergency management

This is the second general category, which represents the behavior of the system in situations of emergency. Some of these situations in the domain of Ambient Assisted Living are:
sudden falls, heart attacks, strokes, elopement, wrong medication, fire etc. In other words we
can talk about cases that threaten the inhabitant ‘s safety and life. Although the services described in the previous categories are desirable, those handling emergency cases are
mandatory. Considering that there are no services until now able to help a person in danger,
a human intervention is henceforth required. In the presence of such cases the system changes reaction and becomes more “persistent” for responds of the person himself or anyone else
is also involved in the system services. We can imagine the system behavior as an alteration
of states, in which it enters, depending on whether it received the required response or not.
Each state is essentially a “waiting state” which lasts for a maximum certain time. The system moves on a next state when the certain time has passed and it didn’t receive the required
response, or when it actually did. In the next state, it has changed behavior and waits a different response. For these situations the treatment of which needs consecutive interactions,
we suggest a deterministic automaton that represents the functionality and it is depicted in
Figure 16.
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Figure 16 Deterministic automaton describing system behavior in emergency cases.

In a few words, the picture above shows the general behavior of the system to the management of an emergency. When the person endangers, the system sends a sign to him
depending on the situation, and waits for a response from him. In parallel it informs his relatives.
•

If the person responds to the sign, then the system continues to interact with him with
possible instructions in order to escape the situation, until he overtakes the problem
when the system returns to its normal state. If he does not respond correctly to the instructions, other people are informed.

•

If he does not respond to the first sign after a specified piece of time, the system starts
notifying other people to let them know about the problem. First it informs the neighbor and if he doesn’t come in a short time, depending on the situation, it calls the
ambulance.

The system returns to the normal state, when someone has undertaken the situation.

- 56 -

The automaton we just described, is translated into rules and we will present a set of rules
that manage for example the emergency case “fall”:

Rule 17: (Person Has Fallen Down) ⇒ (Give a Sign To Person) AND (Warn Relative)
Description: When a fall is detected, a sign is sent to the person as well as a warning to
the relative.

Rule 18: (Person Has Fallen Down) AND (N Minutes have passed) AND NOT (Person
Responded to Sign) ⇒ (Call Neighbor)
Description: After a piece of time that the Person is still down and has not responded to
the sign, the system informs the neighbor.

Rule 19: (Person Has Fallen Down) AND (Neighbor Came) ⇒ (Normal Situation)
Description: If the Neighbor comes, we consider that he will undertake, and returns to the
normal state.

Rule 20: (Person Has Fallen Down) AND (Neighbor notified) AND (X Minutes Passed)
AND NOT (Response from Neighbor) AND NOT (Person Responded To Sign) ⇒ (Send
Emergency to Relative) AND (Call ambulance)
Description: If the neighbor has been notified but he has not responded, and neither the
person has responded yet, the relative is informed about the emergency and the ambulance is
called, too.

Rule 21: (Ambulance Arrived) ⇒ (Normal Situation)
Description: When the ambulance arrives, the system returns to normal.

Rule 22: (Person Responded to First Sign) AND NOT (Person Has Fallen Down) ⇒
(Give Instructions)
Description: If the person responds to the first sign and he stands up, the system gives instructions related to the situation.
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Rule 21: (Person Responded Correctly to Instructions) ⇒ (Normal Situation)
Description: If the Person followed correctly the Instructions, the system returns to the
normal situation.

Rule 22: NOT (Person Responded Correctly to Instructions) ⇒ (Call Neighbor)
Description: In case that he did not follow the instructions, the neighbor is notified again.

4.6

Dataflow

After having described the components separately, it’s time to describe how information
flows between them. Figure 17 gives a depiction of the data flow in our system.

Figure 17 Flow of data between components
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In the first step (step 1), sensor network established in the devices of the smart home collects data from the environment. Middleware, which includes all services that handle the
sensors, gets these data and stores them in the Knowledge Base (step 2). In particular, the
part of the middleware that handles the corresponding events for each service, transforms the
data returned by the events, to instances or properties in the domain specific ontology, Assisted Living ontology. This procedure runs online causing continuous changes to the
ontology information but keeping it constantly up to dated. Then, SWRL rules are executed
over the existing information in order to execute the first-level reasoning and derive additional knowledge and write it back to the ontology (step 3). Among the new derived
knowledge, also exist the simple events that are active each time. As we said in the corresponding chapter, the SWRL part is executed every 5 seconds in order to avoid missing
simple events. In the next step (step 4) the Activity Recognition Component retrieves the
active simple events and uses them to make the activity recognition. So the information included in step 4 is a set that contains instances of the holding simple events. After executing
the activity recognition component, the activity with the greater possibility is returned and
stored back to the knowledge base (step 5). The time window in which this part is executed
is 5 seconds. The recognized activity is written back to the ontology in order to be used in
the continuity for the assistance reasoner. So, in the next step (step 6) the rules that are responsible for the assistance get the information about which activity was identified, in order
to make the support. The result of the execution for most of the rules is changes in the status
of the devices. Their conclusions call directly the services in the middleware that make the
required actions (step 7) so they don’t have to inform the ontology about the changes. The
ontology will be updated in the next iteration of the cycle from the event handlers. As we
saw before, it’s not all the rules that are related with the activity, but there are a lot of independent ones. Because of this, we could say that the steps 3, 4, 5 are optional and they are
disregarded in the rest cases of assistance.
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5 Technical characteristics and demo
5.1
5.1.1

Implementation tools
Protégé – Knowledge Base Representation

Protégé [57] is a free open-source platform that provides a growing user community with
a suite of tools to construct domain models and knowledge-based applications with ontologies. As its core, Protégé implements a set of knowledge-modelling structures and actions
that support the creation, visualization and manipulation of ontologies in various representation formats. Protégé can be customized to provide domain-friendly support for creating
knowledge models and entering data. Furthermore, Protégé can be extended in a way of a
plug-in architecture and a Java-based Application Programming Interface (API) for building
knowledge based tools and applications.
The Protégé platform supports two main ways of modelling ontologies:
•

The Protégé-Frames editor enables users to build and populate ontologies that are
frame-based, in accordance with the Open Knowledge Base Connectivity protocol
(OKBC). In this model, an ontology consists of a set of classes organized in a subsumption hierarchy to represent a domain’s salient concepts, a set of slots associated
to classes to describe their properties and relationships and a set of instances of those
classes – individual exemplars of the concepts that hold specific values for their
properties.

•

The Protégé-OWL editor enables users to build ontologies for the Semantic Web, in
particular in the W3C ‘s Web Ontology Language (OWL). “An OWL ontology may
include descriptions of classes, properties and their instances. Given such ontology,
the OWL format semantics specifies how to derive its logical consequences, i.e. facts
not literally present in the ontology but entailed by the semantics. These entailments
may be based on a single document or multiple distributed documents that have been
combined using defined OWL mechanisms” (See the OWL Web Ontology Language
Guide).

Protégé is supported by a strong community of developers and academic, government and
corporate users, who are using Protégé for knowledge solutions in areas as diverse as biomedicine, intelligence gathering and corporate modelling.

- 61 -

5.1.2

SWRL and Jess Rule Engine – Ontology reasoning

Semantic Web Rule Languages (SWRL) is a proposed Semantic Web language combining OWL-DL (and thus OWL Lite) with function-free Horn logic, written in Datalog
RuleML. Thus it allows Horn-like rules to be combined with OWL-DL ontologies.
As we said in the corresponding part of the thesis, SWRL rules have the form of an implication between an antecedent (body) and consequent (head). The intended meaning can be
read as: whenever the conditions specified in the antecedent hold, then the conditions specified in the consequence must also hold. Both the antecedent (body) and consequent (head)
consist of zero or more atoms. An empty antecedent is treated as trivially true (i.e. satisfied
by every interpretation), so the consequent must also be satisfied by every interpretation; an
empty consequent is treated as trivially false (i.e., not satisfied by any interpretation), so the
antecedent must also not be satisfied by any interpretation. Multiple atoms are treated as a
conjunction. Summarizing, SWRL rules can be described as follows:
Antecedent → consequent, in which the antecedent and consequent consists of one or
multiple atoms. Typical SWRL reasoning occurs on property and instance levels.
Protégé has a SWRL editor plug-in called SWRLTab. SWRLTab is a very convenient
tool for editing SWRL rules since it supports automatic completion of the properties and
class names and checks the syntax of the entered rules. The rule engine can perform reasoning using a set of rules and a set of facts as input. Any new facts that are inferred are used as
input to potentially fire more rules (in forward chaining).
We chose the Jess rule engine, because SWRLTab translates SWRL Rules in Jess axioms
in order to be executed and saves back the inferred knowledge in the ontology. Jess is a rule
engine and scripting environment written entirely in Sun’s Java language by Ernest Friedman-Hill at Sandia National Laboratories in Livermore, CA. Using Jess, Java software can
be built that has the capacity to “reason” using knowledge that is supplied in the form of declarative rules. Jess is small, light, and one of the fastest rule engines available. Its powerful
scripting language gives access to all of Java’s APIs.
We also used SWRL Rule Engine Bridge, a subcomponent of the SWRLTab that provides a bridge between an OWL model with SWRL rules and a rule engine. Its goal is to
provide the infrastructure necessary to incorporate rule engines into Protégé-OWL to execute
SWRL rules.
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5.1.3

Case Based Reasoning - Activity Recognition

For our implementation of the machine learning algorithms we use WEKA [58]. WEKA
reads/writes files in arff format. An ARFF (Attribute-Relation File Format) file is an ASCII
text file that describes a list of instances sharing a set of attributes. ARFF files have two distinct sections. The first section is the Header information, which followed by the data
information. The Header of the ARFF file contains the name of the relation, a list of the attributes (the columns in the data), and their types. An example header on the standard IRIS
dataset looks like this:
% 1. Title: Iris Plants Database
%
% 2. Sources:
% (a) Creator: R.A. Fisher
% (b) Donor: Michael Marshall (MARSHALL%PLU@io.arc.nasa.gov)
% (c) Date: July, 1988
%
@RELATION iris
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
virginica}

sepallength
sepalwidth
petallength
petalwidth
class

NUMERIC
NUMERIC
NUMERIC
NUMERIC
(Iris-setosa, Iris-versicolor, Iris-

The Data of the ARFF file looks like the following:
@DATA
5.1,3.5,1.4,0.2,Iris-setosa
4.9,3.0,1.4,0.2,Iris-setosa
4.7,3.2,1.3,0.2,Iris-setosa
4.6,3.1,1.5,0.2,Iris-setosa
5.0,3.6,1.4,0.2,Iris-setosa
5.4,3.9,1.7,0.4,Iris-setosa
4.6,3.4,1.4,0.3,Iris-setosa
5.0,3.4,1.5,0.2,Iris-setosa
4.4,2.9,1.4,0.2,Iris-setosa
4.9,3.1,1.5,0.1,Iris-setosa

Consequently, we also use arff to store our case base. Each line of the data section represents a case. The Attributes that we use are the ontology properties that the user passes as
arguments. If there are object properties, then their range class is found and all the instances
of this class are stored as possible nominal values. If there are datatype properties, then they
do not necessarily take nominal values, so they are stored as numeric attributes. String attributes are avoided, since we prefer to store them as nominal values, for reasons of learning.
Boolean attributes, that are used to describe the “ontology path” of instances, can be either
represented as numeric, or nominal with {0,1} or {true, false} as their possible values.
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5.1.4

Jess (Programming Language)

Jess is a rule engine for the Java Platform that was developed by Ernest Friedman-Hill of
Sandia National Labs. It is a superset of the CLIPS programming language. It was first written in 1985. The language provides rule-based programming for the automation of an expert
system, and is frequently termed as an expert system shell. In recent years, intelligent agent
systems have also developed, which depend on a similar capability.
Rather than a procedural paradigm, where a single program has a loop that is activated
only one time, the declarative paradigm used by Jess continuously applies a collection of
rules to a collection of facts by a process called pattern matching. Rules can modify the collection of facts, or they can execute any Java code. The Jess rule engine utilizes the Rete
algorithm.
Jess can be used in two different but overlapping ways. First as a rule engine. A rulebased program can have hundreds or even thousands of rules, and Jess will continually apply
them to the data. Often the rules represent the heuristic knowledge of a human expert in
some domain, and the knowledge base represents the state of an evolving situation. In this
case, the rules are said to constitute an expert system. Expert systems are widely used in man
domains. The newest applications of expert systems include being used as the reasoning part
of intelligent agents, in enterprise resource planning (ERP) systems, and in order validation
for electronic commerce.
The Jess language is also a general-purpose programming language, and it can directly
access all Java classes and libraries. For this reason, Jess is also frequently used as dynamic
scripting or rapid application development environment. Whereas Java code generally must
be compiled before it can be run, Jess interprets code and executes it immediately upon being typed. It is also easy to extend the Jess language with new commands written in Java or
in Jess itself, so the Jess language can be customized for specific applications.
We have used Jess with the first way. We have collected all the rules in a .clp file, which
is batched in the Java code, and when the rules fire, they call Java methods to activate the
services.
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5.1.5

Threads architecture – Integration

The architecture of our general system is based on parallelism. To achieve this, we make
use of threads. A separate thread executes each component. The threads communicate safely
through the shared memory, which includes the knowledge base (ontologies). Thus we have
one thread for sensor handling, one for the activity recognition task, one for the SWRL rules
and one for the assistance that handles the Jess rules. The SWRL thread is executed every 3
seconds, while the activity recognition component runs every 5 seconds. The sensor handler
thread keeps running throughout the system execution, as it is responsible to catch the events
from the sensors and store them in the ontology. The SWRL thread also writes the inferred
axioms back to the ontology, which are usually the enabling simple events, which will be
used by the activity recognition thread. When the activity recognition is completed, the result
is also written back to the ontology in order to lead the user assistance.
It is notable that there may exist cases, where all threads will ask simultaneously access to
the shared memory. For that reason the threads are synchronized so that each time only one
thread will read or write to the shared memory.
However, the use of threads was necessary for two main reasons: Firstly it would take a
lot of time for a “reasoning cycle” to be completed and this would cause a conspicuous delay
to the response of the system. The second most important reason is that there would be a lot
of missing information from events happening while the system would be busy to the execution of the cycle. These events would be otherwise written to the knowledge base and would
eventually constitute useful information for the assistance, something that would dramatically decrease the credibility of our system.

5.2
5.2.1

Demonstration
AmI Sandbox

The Institute of Computer Science of the Foundation of Research and Technology-Hellas
(FORTH-ICS) has initiated a long RTD AmI program [59] aiming to develop pioneering
human-centric AmI technologies and Smart Environments, capable of “understanding” and
fulfilling individual human needs. Under this program it created a laboratory space of about
100 m^2 comprising six rooms, aiming to provide researchers the opportunity to bring along
and share their know-how and resources in order to obtain hands-on experience in a highly
flexible setting. In this space, various AmI technologies and applications are installed, integrated and demonstrated and multiple ideas and solutions are cooperatively developed,
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studied and tested. They support equipment, such as a smart office, a smart board, as well as
a set of sensors of many kinds. They also support services for Home Controls and Health
prototype environments.
AmI services are defined through a tool called Idlematic, which creates and keeps service
interfaces. All services communicate through FAMINE middleware, responsible for creating, connecting and consuming these services. It is CORBA-based and provides support for
C++, Java, .NET, Python, and Flash/ActionScript languages.
Sensor data are handled like mouse/keyboard events in Java. Some (already implemented) services (which we found by using the Idlematic tool) can be used to catch the sensor
signals and inform the user about the type of signal and what it means (by defining an event).
In AmI Sandbox there are sensors for sound, image, lighting, interaction, “smart” devices
and more, including cameras, RFID readers, IRIS scanner, door-chair controllers, touch
screens, projectors, PDAs, speakers and workstations. When an event occurs then it can be
caught using event handlers. These event handlers are used to store the sensor data in the
respective ontology.
Apart from the event handlers, Idlematic and Famine also provide the ability to change
the context, by calling some methods. These are methods that interact with the environment
(such as the ability to close the door, turn a device on etc.). This part of the system is used
mainly to assist users.

5.2.2

Demo description

To make a live demonstration of our system with real conditions and users, we used the
AmI Snadbox services described above. The scenario was based on the supported services.
In particular, we consider an old woman who lives alone and suffers from a disease that
causes her loss of weight. He also suffers from hearing loss. In the demonstration she is depicted starting watching TV. Because of her impairment the volume of the TV is set to loud
when the activity “Watching TV” is recognized. The intensity of lights is also reduced. Suddenly the phone rings but she cannot hear it because of the hearing problem at first and
secondly because of the loud TV volume. For that reason she receives a visual notification.
She answers the phone and when the activity talking on phone” is being recognized, the
lights intensity is up again and the TV is muted. When she finished the phone call, she returns to watching TV, so the environment is also returned to the previous situation. After a
while the old woman decides to go to sleep but he does not turn the TV off. After the identi-
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fication of “sleeping” activity the TV is closed, the lights are turned off and the blinds are
turned down. In the morning, the blinds are raised in order to wake her up, because she likes
waking up with the sun light. Some time after she leaves bed, she is asked to get her daily
measure of her weight. The results of the weight are directly sent to the doctor and we suppose that they are not good. In parallel with all this process, it is being shown that the
temperature of the house is adjusted automatically, which means that when it falls under 19C the radiator is turned on.
The resources we used from the AmI Sandbox were:
•

A hospital bed, capable to recognize whether someone is on or not and able to adjust
its head to be up or down.

•

A television with changing state capabilities (on/off, volume, channel etc.)

•

Window blinds with states (open/closed)

•

Lights with possible states (on/off or mediate intensity)

•

RFID readers which were used for simulating the phone

•

A scale which sends the measurement results to the main server

•

The second television similar to the first that was used for the notifications.

The demo is recorded with the help of two videos. The first depicts the whole scenario
live, while the second is recording a GUI controller that appears on the screen of the laptop,
which performs the system. This GUI simulates events that are not supported in AmI Sandbox such as: person sitting on sofa, Phone rings etc. but they are important for the activity
recognition. There are also two text areas, which show the recognized activity and the supported assistance for this activity respectively. The next figure shows a snapshot of the
video:

- 67 -

Figure 18 A screenshot of the demo
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6 Conclusion
6.1

Summary

What we presented in this thesis was an approach of a real-time system that supports the
needs of an old person to his daily living. We exploited the advantages of ontologies to the
description of the general context in this domain and captured as many concepts as possible
to succeed a complete assistance personalized and fully adapted to the user needs. A multilevel ontological schema supported this description: the Core ontology for upper level
aspects and Person Profile, Health Ontology and Time for the domain specific aspects. All
domain specific ontologies were combined and imported to Assisted Living ontology. We
used an already existing system to recognize the current activity, which uses techniques of
machine learning and especially case based reasoning.
Two levels of reasoning are included in the functionality of our system. The first level,
which is responsible for generating additional knowledge to the ontologies, is supported by
SWRL language. SWRL is designed on the semantics of OWL, which was used in our ontologies. This level of reasoning also produces the Simple Events that are currently active in
order to be used by the Activity recognition system, to make the identification of the current
activity. The second level of reasoning is responsible to provide all the assistance to the user,
which may be related to the identified activity, or not. It takes into account the profile of the
user in order to be personalized and adapted to his needs. What we provide is an indoor assistance, which intends to help the user in two basic axes: to enhance his autonomy inside the
house (help with the ADL, reminding of medication etc.) and to manage eventual cases of
emergency. For each of these categories we proposed a methodology acting as a direction for
creating these rules. To support this level of reasoning we have used JESS rule language in
order to succeed a greater expressiveness and capabilities.
A use case scenario was used to introduce our approach, which captures all the supported
functionality and at the end we presented a demonstration to show a live application of the
approach with real conditions and users.
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6.2

Limitations

The basic limitation of our system was described as difficulty in the introduction part.
Although we tried to capture as more aspects and functionality as possible, we could never
be sure that this will be a complete description of the entire domain and all the possible different categories of users there may exist.
Another limitation is caused by the activity recognition system, which does not support
parallel activities, which is very possible to happen. That automatically prohibits the assistance for the activity with the lowest possibility.
Our approach does not include mechanisms to confirm the correctness of our data neither
at the level of sensors, nor at the level of activity recognition. So there is always the possibility for potential mistakes that will lead to wrong conclusions from the execution of rules and
to wrong actions as a result.

6.3

Future Work

As a future work we would suggest an even wider research in the domain for potential
expands in the modelling of it, so at the context level, as at the level of the methodologies in
which the rules obey. The activity recognition component could also be replaced in order to
support parallel activities and to confirm the result of the activity recognition. The replacement would be easy processes suffice to be compatible with the way it is linked with the rest
components. Mechanisms for confirming the general correctness of the data could also be
incorporated to our system. Last, it could be enriched with many more scenarios and rules.
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Appendix 1
JESS Rules of Assistance
(deffunction	
  compare-‐Time	
  (?current	
  ?nextTreatment)	
  
	
  	
  	
  	
  "Checks	
  if	
  current	
  time	
  is	
  equal	
  to	
  the	
  given	
  one"	
  
	
  	
  	
  	
  (bind	
  ?a	
  (call	
  ?nextTreatment	
  toLocaleString))	
  
	
  	
  	
  	
  	
  
	
  	
  	
  	
  (bind	
  ?b	
  (call	
  ?current	
  toLocaleString))	
  
	
  	
  	
  	
  (if	
  (inTimeRange	
  ?current	
  ?nextTreatment)	
  then	
  
	
  	
  	
  	
  	
  	
  	
  	
  (printout	
  t	
  "Equals	
  "	
  crlf)	
  
	
  	
  	
  	
  	
  	
  	
  	
  (return	
  TRUE)	
  
	
  	
  	
  	
  	
  	
  	
  	
  else	
  
	
  	
  	
  	
  	
  	
  	
  	
  (return	
  FALSE)	
  ))	
  
	
  
(deffunction	
  goodResults	
  (?rcvdVal	
  ?minRange	
  ?maxRange)	
  
	
  
(if	
  (and	
  (>	
  ?rcvdVal	
  ?minRange)	
  (<	
  ?rcvdVal	
  ?maxRange))	
  then	
  
	
  	
  	
  	
   	
  (return	
  TRUE)	
  
	
  	
  	
  	
  else	
  
	
  	
  	
  	
   	
  (return	
  FALSE)	
  
	
  	
  	
  	
  )	
  
)	
  
	
  
	
  
(defrule	
  generalActionsForWatchingTV	
  
	
  	
  	
  	
  "Rule	
  3:	
  Performing	
  general	
  actions	
  when	
  watching	
  TV"	
  
	
  
(Activity	
  {identifier	
  ==	
  "WatchingTV"	
  &&	
  activityStatus	
  ==	
  TRUE})	
  	
  
	
  	
  	
  	
  =>	
  
	
  	
  	
  	
  (call	
  LightsService.changeLightstatus("low"))	
  
	
  	
  	
  	
  (call	
  TVService.adjustVolumeLevel)	
  
	
  	
  	
  	
  )	
  
	
  
	
  
(defrule	
  increaseVolume	
  
	
  
"Rule	
  1:	
  Increase	
  the	
  Volume	
  of	
  TV	
  when	
  the	
  activity	
  WatchingTV	
  is	
  
recognized"	
  
	
  	
  	
  	
  (Activity	
  {identifier	
  ==	
  "WatchingTV"	
  &&	
  activityStatus	
  ==	
  TRUE})	
  	
  
	
  	
  	
  	
  (HearingImpairment{identifier	
  ==	
  "Hearing_Loss"})	
  
	
  	
  	
  	
  (Inhabitant	
  {identifier	
  ==	
  "John"	
  &&	
  hasImpairment	
  ==	
  "Hearing_Loss"})	
  	
  
	
  	
  	
  	
  (TV	
  {identifier	
  ==	
  "LivingRoomTV"	
  &&	
  volumeLevel	
  <	
  0.7})	
  
	
  
=>	
  
	
  	
  	
  	
  (call	
  TVService.setVolume(0.9))	
  
	
  	
  	
  	
  )	
  
	
  
	
  
(defrule	
  adaptTVResolution	
  
	
  	
  	
  	
  "Rule	
  2:	
  Adapt	
  the	
  Resolution	
  of	
  TV	
  when	
  there	
  is	
  a	
  visual	
  impairment"	
  
	
  	
  	
  	
  (Activity	
  {identifier	
  ==	
  "WatchingTV"	
  &&	
  activityStatus	
  ==	
  TRUE})	
  	
  
	
  	
  	
  	
  (VisualImpairment{identifier	
  ==	
  "ColorBlindness"})	
  
	
  	
  	
  	
  (Inhabitant	
  {identifier	
  ==	
  "John"	
  &&	
  hasImpairment	
  ==	
  "ColorBlind-‐
ness"})	
  	
  
	
  	
  	
  	
  =>	
  
	
  	
  	
  	
  (call	
  TVService.adaptTVResolurion	
  "ColoBlindness")	
  
	
  	
  	
  	
  )	
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(defrule	
  tvShowPreference	
  
	
  
"Rule	
  2:	
  Infom	
  person	
  about	
  favourite	
  show	
  in	
  another	
  channel"	
  
	
  	
  	
  	
  (Activity	
  {identifier	
  ==	
  "WatchingTV"	
  &&	
  activityStatus	
  ==	
  TRUE})	
  	
  
	
  	
  	
  	
  (TVSeriesPreference	
  {identifier	
  ==	
  "Friends"}(nextShow	
  
?nextShow)(channel	
  ?chan))	
  
	
  	
  	
  	
  (Timer	
  (currentTime	
  ?current))	
  
	
  
(test(compare-‐Time	
  ?current	
  ?nextShow))	
  
	
  	
  	
  	
  (TV	
  (currentChannel	
  ?currChan))	
  
	
  	
  	
  	
  (not	
  (eq(?currChan	
  ?chan)))	
  
	
  	
  	
  	
  =>	
  	
  
	
  	
  	
  	
  (call	
  NotifyService.sendNotification	
  "Friends	
  on	
  "))	
  
	
  
)	
  
	
  
	
  
(defrule	
  generalActionsForSleeping	
  
	
  
"Rule	
  4:	
  General	
  Actions	
  when	
  sleep	
  detected"	
  
	
  	
  	
  	
  (Activity	
  {identifier	
  ==	
  "Sleeping"	
  &&	
  activityStatus	
  ==	
  TRUE})	
  	
  
	
  	
  	
  	
  (Lights	
  {status	
  ==	
  "on"}	
  (identifier	
  ?lights))	
  
	
  
(Device	
  {status	
  ==	
  "on"}	
  (identifier	
  ?devices))	
  
	
  
(Blinds	
  {status	
  ==	
  "on"}	
  (identifier	
  ?blinds))	
  
	
  
=>	
  
	
  	
  	
  	
  (call	
  DeviceSevices.closeDevice	
  ?devices)	
  
	
  	
  	
  	
  (call	
  LightsServices.changeLightsatus	
  ?lights	
  "off"))	
  
	
  
(call	
  BlindsService.changeStatus	
  ?blinds	
  "on")	
  
	
  
)	
  
	
  
	
  
(defrule	
  habitOnSleeping	
  
	
  
"Rule	
  4:	
  Sleep	
  habits	
  when	
  sleep	
  detected"	
  
	
  	
  	
  	
  (Activity	
  {identifier	
  ==	
  "Sleeping"	
  &&	
  activityStatus	
  ==	
  TRUE})	
  	
  
	
  	
  	
  	
  (SleepingHabit	
  {identifier	
  ==	
  "nigh_light"})	
  
	
  	
  	
  	
  (Inhabitant	
  {identifier	
  ==	
  "John"	
  &&	
  hasADLHabit	
  ==	
  "night_light"}	
  )	
  
	
  
=>	
  
	
  	
  	
  	
  (call	
  LightsServices.nightLightStatus	
  "on")	
  
	
  
)	
  
	
  
	
  
(defrule	
  generalActionsForBath	
  
	
  
"Rule	
  5:	
  General	
  Actions	
  when	
  Bath	
  identified"	
  
	
  	
  	
  	
  (Activity	
  {identifier	
  ==	
  "Bathing"	
  &&	
  activityStatus	
  ==	
  TRUE})	
  	
  
	
  
=>	
  
	
  	
  	
  	
  (call	
  FaucetServices.adjustWaterTemperature))	
  
	
  
	
  
(defrule	
  habitForBath	
  
	
  
"Rule	
  5:	
  turn	
  the	
  radio	
  on	
  when	
  Bath	
  identified"	
  
	
  	
  	
  	
  (Activity	
  {identifier	
  ==	
  "Bathing"	
  &&	
  activityStatus	
  ==	
  TRUE})	
  	
  
	
  	
  	
  	
  (BathHabit{identifier	
  ==	
  "listening_to_Radio"})	
  
	
  	
  	
  	
  (Inhabitant	
  {identifier	
  ==	
  "John"	
  &&	
  hasADLHabit	
  ==	
  "listen-‐
ing_to_Radio"}	
  )	
  
	
  
=>	
  
	
  	
  	
  	
  (call	
  FaucetServices.adjustWaterTemperature))	
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(defrule	
  adjustTemperature	
  
	
  
"Rule	
  6:Open	
  the	
  Radiator	
  if	
  the	
  Temerature	
  falls	
  under	
  the	
  thresh-‐
old"	
  
	
  	
  	
  	
  (Inhabitant	
  {identifier	
  ==	
  "John"}	
  (hasLocation	
  ?x))	
  
	
  	
  	
  	
  (Location	
  {identifier	
  ==	
  ?x}	
  (hasEnvironment	
  ?c))	
  
	
  	
  	
  	
  (Environment	
  {identifier	
  ==	
  ?c}	
  (temperature	
  ?tmp)	
  )	
  
	
  	
  	
  	
  (test(<	
  ?tmp	
  20))	
  
	
  	
  	
  	
  (Radiator	
  {identifier	
  ==	
  "Radiator"	
  &&	
  status	
  ==	
  "off"})	
  
	
  	
  	
  	
  (Activity	
  {identifier	
  ==	
  "Sleeping"	
  &&	
  activityStatus	
  ==	
  FALSE})	
  	
  	
  	
  	
  	
  
	
  
=>	
  
	
  	
  	
  	
  (call	
  RadiatorServices.changeRadiatorStatus	
  "on")	
  
	
  	
  	
  	
  (call	
  RadiatorServices.setTemperature	
  21)	
  
	
  	
  	
  	
  )	
  
	
  
	
  
(defrule	
  adjustLighting	
  
	
  	
  	
  	
  "Rule	
  7:	
  Adjust	
  the	
  lights	
  to	
  the	
  required	
  Intensity"	
  
	
  	
  	
  	
  (Inhabitant	
  {identifier	
  ==	
  "John"}	
  (hasLocation	
  ?x))	
  
	
  	
  	
  	
  (Location	
  {identifier	
  ==	
  ?x}	
  (hasEnvironment	
  ?c))	
  
	
  	
  	
  	
  (Environment	
  {identifier	
  ==	
  ?c}	
  (lighting	
  ?tmp)	
  )	
  
	
  	
  	
  	
  (Lights	
  {hasLocation	
  ?x}	
  (indentifier	
  ?lights))	
  
	
  	
  	
  	
  (test(<	
  ?tmp	
  50))	
  	
  	
  
	
  	
  	
  	
  =>	
  	
  	
  	
  
	
  	
  	
  	
  LightsServices.setLighsIntensity	
  ?lights	
  50)	
  
)	
  
	
  
	
  
(defrule	
  raiseBlinds	
  
	
  
"Rule	
  8:	
  Raising	
  the	
  blinds	
  for	
  lighting"	
  
	
  	
  	
  	
  (DayZone	
  {Identifier	
  =	
  "Morning"})	
  
	
  	
  	
  	
  (Inhabitant	
  {identifier	
  ==	
  "John"	
  &&	
  hasLocation	
  ==	
  "Home"})	
  
	
  	
  	
  	
  (Location	
  {identifier	
  ==	
  "Home"}	
  (hasEnvironment	
  ?c))	
  
	
  	
  	
  	
  (Environment	
  {identifier	
  ==	
  ?c}	
  (lighting	
  ?tmp)	
  )	
  
	
  	
  	
  	
  (test(<	
  ?tmp	
  40))	
  	
  	
  
	
  	
  	
  	
  (Blinds	
  {status	
  ==	
  "on"})	
  
	
  
=>	
  
	
  
(call	
  BlindsService.changeStatus	
  ?blinds	
  "off")	
  
	
  	
  	
  	
  )	
  
	
  
	
  
(defrule	
  incomingCallHearingImpairment	
  
	
  
"Rule	
  9:	
  enable	
  speech	
  to	
  text	
  translator"	
  
	
  	
  	
  	
  (External	
  {identifier	
  ==	
  "Incoming	
  Call"})	
  
	
  	
  	
  	
  (HearingImpairment{identifier	
  ==	
  "Hearing_Loss"})	
  
	
  	
  	
  	
  (Inhabitant	
  {identifier	
  ==	
  "John"	
  &&	
  hasImpairment	
  ==	
  "Hearing_Loss"})	
  	
  
	
  
=>	
  
	
  	
  	
  	
  PhoneServices.enableSpeechToText	
  
	
  	
  	
  	
  )	
  
	
  
	
  
(defrule	
  incomingCallMotionImpairment	
  
	
  
"Rule	
  10:	
  enable	
  speech	
  to	
  text	
  translator"	
  
	
  	
  	
  	
  (External	
  {identifier	
  ==	
  "Incoming	
  Call"})	
  
	
  	
  	
  	
  (MotionImpairment{identifier	
  ==	
  "Amputee"})	
  
	
  	
  	
  	
  (Inhabitant	
  {identifier	
  ==	
  "John"	
  &&	
  hasImpairment	
  ==	
  "Amputee"})	
  	
  
	
  
=>	
  
	
  	
  	
  	
  PhoneServices.connectToSoundBoxes	
  
	
  	
  	
  	
  )	
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(defrule	
  doorBellMotionImpairment	
  
	
  
"Rule	
  11:	
  Doorbell	
  Rings	
  motion	
  impairment"	
  
	
  	
  	
  	
  (External	
  {identifier	
  ==	
  "Doorbell"})	
  
	
  	
  	
  	
  (MotionImpairment{identifier	
  ==	
  "Amputee"})	
  
	
  	
  	
  	
  (Inhabitant	
  {identifier	
  ==	
  "John"	
  &&	
  hasImpairment	
  ==	
  "Amputee"})	
  	
  
	
  
=>	
  
	
  	
  	
  	
  (call	
  OutdoorService.recognizePerson)	
  
	
  	
  	
  	
  (call	
  NotifyService.sendNotification	
  "Kate	
  is	
  at	
  the	
  door")	
  
	
  	
  	
  	
  )	
  
	
  
	
  
(defrule	
  time-‐for-‐treatment	
  
	
  	
  	
  	
  "Rule	
  12:	
  Notify	
  about	
  Treatment"	
  
	
  	
  	
  	
  (Timer	
  (currentTime	
  ?current))	
  
	
  	
  	
  	
  ?x	
  <-‐	
  (Treatment	
  (nextTreatment	
  ?next))	
  
	
  	
  	
  	
  (test	
  (compare-‐Time	
  ?current	
  ?next))	
  
	
  	
  	
  	
  (Treatment	
  {name	
  ==	
  ?x.name	
  &&	
  received	
  ==	
  false})	
  
	
  	
  	
  	
  =>	
  
	
  	
  	
  	
  (call	
  NotifyService.sendNotification	
  "Time	
  for	
  your	
  Treatment:	
  "	
  
?x.name)	
  
	
  	
  	
  	
  )	
  
	
  
	
  
(defrule	
  checkResults	
  
	
  
"Rule	
  13:	
  Check	
  the	
  results"	
  
	
  
?x	
  <-‐	
  (Measurement	
  {name	
  ==	
  "BloodPressure"	
  &&	
  received	
  ==	
  TRUE}	
  
(measurementResult	
  ?res)	
  (normalRangeMax	
  ?max)	
  (normalRangeMin	
  ?min))	
  
	
  	
  	
  	
  (not	
  (test	
  (goodResults	
  ?res	
  ?min	
  ?max)))	
  
	
  	
  	
  	
  (Disease	
  {treatment	
  ==	
  ?x.name}	
  (responsibleDoctor	
  ?doc))	
  
	
  	
  	
  	
  (Doctor	
  {name	
  ==	
  ?doc}	
  (hasContactProfile	
  ?contact))	
  
	
  	
  	
  	
  (ContactProfile	
  {identifier	
  ==	
  ?contact}	
  (email	
  ?email))	
  
	
  	
  	
  	
  =>	
  
	
  	
  	
  	
  (call	
  MailSender.sendEmail	
  ?email))	
  
	
  
	
  
(defrule	
  fallDetection	
  
	
  	
  	
  	
  "Rule	
  17:	
  Fall	
  detection,	
  warn	
  relative"	
  
	
  	
  	
  	
  (EmergencyCase	
  {identifier	
  ==	
  "Fall"})	
  
	
  	
  	
  	
  =>	
  
	
  	
  	
  	
  (call	
  NotifyService.sendSign)	
  
	
  	
  	
  	
  (call	
  wait_For_N_secs	
  30)	
  
	
  	
  	
  	
  )	
  
	
  
	
  
(defrule	
  	
  
	
  	
  	
  	
  "Rule	
  18:	
  Fall	
  detection,	
  call	
  Neighbor"	
  
	
  	
  	
  	
  (EmergencyCase	
  {identifier	
  ==	
  "Fall"})	
  
	
  	
  	
  	
  (Timer	
  {N_secs_passed	
  ==	
  TRUE})	
  
	
  	
  	
  	
  (Response	
  {received	
  ==	
  FALSE})	
  
	
  	
  	
  	
  (Neighbor	
  {name	
  ==	
  "Peter"}	
  (hasContactProfile	
  ?contact))	
  
	
  	
  	
  	
  (ContactProfile	
  {identifier	
  ==	
  ?contact}	
  (phone	
  ?phone))	
  
	
  	
  	
  	
  =>	
  
	
  	
  	
  	
  (call	
  PhoneServices.callNumber	
  ?phone)	
  
	
  	
  	
  	
  (call	
  wait_For_N_mins	
  3)	
  
	
  	
  	
  	
  )	
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(defrule	
  
	
  	
  	
  	
  "Rule	
  19:	
  Neighbor	
  came"	
  
	
  	
  	
  	
  (EmergencyCase	
  {identifier	
  ==	
  "Fall"})	
  
	
  	
  	
  	
  (Neighbor	
  {name	
  ==	
  "Peter"	
  &&	
  hasLocation	
  ==	
  "Home"}	
  )	
  
	
  	
  	
  	
  =>	
  
	
  	
  	
  	
  (call	
  setNormalState)	
  
	
  	
  	
  	
  )	
  
	
  
	
  
(defrule	
  noResponseFromNeighbor	
  
	
  
"Rule	
  20:	
  Neighbor	
  not	
  resonded,	
  call	
  ambulance"	
  
	
  	
  	
  	
  	
  (EmergencyCase	
  {identifier	
  ==	
  "Fall"})	
  
	
  	
  	
  	
  	
  (Neighbor	
  {name	
  ==	
  "Peter"	
  &&	
  hasNorified	
  ==	
  TRUE}	
  )	
  
	
  	
  	
  	
  	
  (Timer	
  {N_secs_passed	
  ==	
  TRUE})	
  
	
  	
  	
  	
  	
  (not(Neighbor	
  {name	
  ==	
  "Peter"	
  &&	
  hasLocation	
  ==	
  "Home"}	
  ))	
  
	
  
	
  =>	
  
	
  	
  	
  	
  	
  (call	
  PhoneServices.callAmbulance)	
  
	
  	
  	
  	
  )	
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