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ABSTRACT 

 

Abstract of the thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of the 

requirement for the degree of Doctor of Philosophy 

 

SEAMLESS SEMANTIC SERVICE PROVISIONING MECHANISM FOR AMBIENT 

ASSISTED LIVING 

 

By 

 

WAN MOHD NUR MUZAALIFF BIN WAN MUSA 

 

June 2013 

Chairman: Borhanuddin Mohd Ali, PhD 

Faculty: Engineering 

 

Parallel with the evolution of current technology and usage trends in Ambient 

Assisted Living (AAL); variety of new services are being introduced to assist 

dependent people to live independently, particularly elderly and people with mild 

dementia. Assistive services help them to carry out Activities of Daily Living (ADL) 

smoothly. Users are seamlessly delivered with relevant services as they roam into a 

new and sometimes unknown domain. To achieve this, a service discovery and 

provisioning mechanism beyond the current capabilities of any service platforms is 

required. This thesis proposes a mechanism for seamless semantic service 

provisioning using semantic web that is able to manage user and device mobility 

through semantic reasoning. The ultimate goal is to seamlessly provide users with 

relevant services at a specific location and time with a set of dynamic context. 
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ABSTRAK 

Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai memenuhi keperluan 

untuk ijazah Doktor Falsafah 

MEKANISME PEMBEKALAN PERKHIDMATAN SECARA SEMANTIK YANG 

BERTERUSAN UNTUK KEHIDUPAN TERBANTU AMBIEN 

Oleh 

WAN MOHD NUR MUZAALIFF B WAN MUSA 

Jun 2013 

Pengerusi: Borhanuddin Mohd Ali, PhD 

Fakulti: Kejuruteraan 

Sejajar dengan perkembangan teknologi terkini dan trend penggunaan dalam 

kehidupan terbantu ambien (AAL), banyak perkhidmatan baru diperkenalkan bagi 

membantu golongan yang memerlukan sokongan, terutamanya warga emas dan 

pesakit demensia tahap sederhana, supaya mereka dapat hidup berdikari. 

Perkhidmatan ini membantu mereka untuk menjalani aktiviti kehidupan harian 

(ADL) dengan lancar. Perkhidmatan yang berkaitan disampaikan kepada pengguna 

secara berterusan melalui berbagai peranti. Apabila pengguna bergerak, peranti juga 

mungkin berganjak memasuki domain yang baru dan adakalanya ke dalam domain 

yang tidak diketahui. Ia membawa kepada keperluan penzahiran dan pembekalan 

perkhidmatan yang menjangkaui kemampuan semasa platform-platform 

perkhidmatan yang sedia ada. Justeru, mekanisme pembekalan perkhidmatan secara 

semantik yang berterusan menggunakan jaringan semantik akan dibincangkan 

selanjutnya di dalam tesis ini. Cabarannya adalah bagi menghasilkan platform yang  

 
Bukan sahaja menyokong pembekalan perkhidmatan secara semantik yang 
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berterusan, malah mampu mengendalikan pengguna dan mobiliti peranti melalui 

penalaran semantik. Tujuan sistem ini adalah memastikan pengguna berupaya 

menggunakan perkhidmatan yang berkaitan pada masa dan lokasi yang khusus 

berdasarkan set konteks yang dinamik. 
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CHAPTER 1 

1. INTRODUCTION 
 

1.1 Background and Motivation 

Ambient assisted living (AAL) is aimed at the dependant population, mainly elderly 

and disabled to maintain their independence for a longer time in an environment 

supported by Information and Communication Technology [1]. AAL includes 

methods, concepts, systems, devices as well as services that provide unobtrusive 

support for daily life, based on the context and situation of the assisted persons. The 

goal is to provide them with assistance anywhere; usually the assistance comes in the 

form of services in the form of software applications.  

At home, a user is familiar with his environment and his terminal is pre-configured 

with existing local services and network infrastructure. However, when a user moves 

outside the home environment, he enters an unknown environment where his end 

terminal does not have information on what services is available or offered. 

To allow the user to discover unknown services, the services in unknown 

environments must, at least, follow a predefined pattern or model, referred to as a 

service model. By using suitable software and protocols, a user can discover the said 

services, even if he or his device does not know it. 
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The systems architecture design and technology selection is very important in 

determining seamless delivery of relevant and targeted services to a specific user 

with specific needs and context. These are the enabling factors that influence the 

efficiency and usability of the services. User needs, services requirements, device 

capabilities, environment states and network parameters are compiled as global 

contextual information as depicted in Figure 1-1 below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1-1: Global Contextual Information 

 
 

 

At the same time, great care and effort must be considered for human-machine 

interaction level, because each user has special needs and their physical and/or 

cognitive capabilities may be different. Abstraction and generalization at the service 

level is required to accommodate this specification at the user’s level. Subsequently, 

this will be beneficial during the adaptation and personalization step. Those aspects 

have to be respected while developing services for targeted groups. An Abstract 

Service Model (ASM) [2] is required to take these aspects into account and observed 

while developing services for the targeted group. 
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In this thesis, the target users are mainly dependant people; we define them as the 

people with physical and/or cognitive limitation due to a deficiency or to their age 

(people with disabilities and ageing people). 

 

 

1.2 Ambient Intelligence 

 
 
 
 

Ambient Intelligence (AmI) is made up of seamless and transparent infrastructure 

that is able to monitor response to the people living in it. It is a great extension of the 

concept known as ubiquitous and pervasive computing. Current technology forces 

user to adapt to the capabilities and limitations of the hardware or software. 

 

 

AmI circumvents this problem by providing the platform where all the hardware and 

software adapts to the individual needs and requirements. However, such platform is 

still in infancy or at the conceptual level. This platform is very crucial for the design 

and development of assistive services, which includes all the relevant hardware and 

software that may be deployed in many different domains.  

 

 

A very promising application area that can definitely take full advantage of AmI is 

personalized and targeted assistance or health care, which will be the focus of study 

in this thesis. Personalized and targeted assistance can be achieved utilizing AmI 

where the intelligence exists ubiquitously in the living environment. 

 

 

With the help of embedded sensors and inter-device communications, the ambient is 

aware of not only the presence and activities of the user, but also its contextual 

information. This contextual information includes: 
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i. User – Condition, activities, preference, disabilities, location, mood, 

habits, etc. 

ii. Device – The current device used by the user, all available devices in 

the area, device state and condition, such as communication medium 

and protocol, battery level, screen resolution, sensors attached, etc. 

iii. Services – Available services in the area and its features, capabilities, 

requirements etc. 

iv. Network – Available network medium and its parameters, such as 

protocol, bandwidth, QoS, signal strength, cost, etc 

v. Ambient – The ambient parameters included are temperature, weather, 

light intensity, sound, time, etc. 

 

 

Another feature of AmI is that, it remembers and anticipates the state and activities 

of all the “agents” in the domain. These agents include the components listed above. 

AmI solution must be non-obtrusive, personalized, adaptive, able to anticipate and 

respond to users needs. This has brought researchers to a relatively new research 

domain known as Ambient Assisted Living (AAL), which will be discussed in the 

section below. 
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1.3 Ambient Assisted Living (AAL) 

 

 

AAL environments provide assistance to the person living in it to accomplish a task 

that would otherwise be impossible or at least more difficult to manage [3]. It is 

evolving with the customized provisioning of assistive services in response to 

changes in users’ condition [4]. The usage of hardware and software systems that 

provides the above-mentioned assistance is known as Assistive Technology (AT). 

 

 

With the concept of AAL utilizing AT, we can create a Smart Assistive Environment 

(SAE) that is able to sense multiple user presence, their condition and activities. On 

top of that, SAE is a physical space that is able to handle multiple users joining and 

leaving the domain. SAE can provide users with relevant assistive services, which is 

seamlessly selected and pushed to the user’s devices based on the global contextual 

information. 

 

 

For the purpose of discussion in this thesis, the disabled are defined as people having 

a physical or mental conditions that limit movements, senses, or activities; for 

example having lost the ability to use the lower limbs to walk, or upper limbs to 

perform daily tasks such as eating, opening doors or accessing a computer. Today, 

they commonly rely on assistive technology devices such as electrical wheelchair, 

robot manipulator to move objects in their environment, interactive verbal prompting 

system as well as communication systems to allow them to communicate with others 

or obtain information through the use of a computer. 
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This assistance from AmI can be too complex for them to handle at times. This is due 

to the use of various heterogeneous systems, which provides multiple and 

complementary functionalities, which forms a completely complex environment 

described as a smart and assistive environment. 

 

 

Realization of the AmI vision requires the extended home environment (or the AAL 

Environment) where the disabled are able to use the facilities intuitively through the 

enhanced in-home facilities, both inside the home as well as outside home 

environment. Various facilities have been discussed and conceptualized, however 

there are many that has yet to be devised. This thesis focuses on the development of 

such framework to cater for these demands. 

 

 

Various types of electronic devices from different manufacturers are currently being 

used, whether a person is at home or mobile. These devices are loosely connected 

and most of the time not interoperable, thus services might only work on one device 

and not the other. As the user moves away from the smart home, he/she will get into 

unknown domain with plenty of unknown devices and services around. These 

unknown services and devices can provide a very significant assistance, especially 

for the disabled or elderly. 
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1.4 Problem Statement 

 
 

 

This thesis focuses on service selection and user mobility, which are the two main 

issues under investigation in service provisioning mechanism. Although service 

selection and provisioning mechanism has been proposed by [5], it did not take into 

consideration network selection or handovers. This is a problem faced by users when 

they roam into new domain with multiple unknown networks. Furthermore, the 

problem of current solutions in network handover only considers network parameters 

as reported in [6] and [7]. 

 

 

Designing a service provisioning mechanism that considers contextual information 

imposes some very serious technical challenges. We need to create a mechanism to 

provide users with relevant service seamlessly while they roam from one unknown 

domain to another. These challenges are researched and a solution is proposed in this 

thesis. The major challenges are listed below: 

 

 

i. Requires a standardized and comprehensive way to describe these 

contexts. 

ii. A way to extract the explicit and implicit user requirements that will be 

used to formulate the selection rules. 

iii. A simple but robust inference engine that is light-weight yet can handle 

the amount of knowledge in the context description file. It must be able to 

process the contextual information and select the best (most relevant) 

network when users roam into an unknown domain. 
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1.5 Objectives 

 
 
 
 

The objective of this work is to design and develop a semantic based service 

provisioning mechanism with the capability of considering contextual information 

from user profile, services profile, device profile, ambient states and network 

parameters to select the most relevant network. Here, the most relevant network is 

defined as a network with the most relevant services to the user requirements. 

 

 

This main objective can be achieved through the followings: 

 
 
 
 

i. To conceptualize and compose global ontology based on user profile, 

services profile, device profile, ambient states and network parameters. 

ii. To formulate inference rules based on explicit and implicit user 

preference and requirement. 

iii. Design and develop network selection mechanism using inference 

engine, which considers contextual information in the global ontology. 
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1.6 Scope of Work 

 

 

The scope of our research as presented in this thesis is on service provisioning 

mechanism, focusing on seamless semantic network (access point) selection. It 

focuses on semantic-based service provisioning mechanism, specifically through a 

smart network selection process. 

 

 

The smart network selection mechanism uses a weighted scoring system to select the 

best access point. This is done by matching the explicit and implicit user 

requirements with what the services have to offer, considering the contextual 

information from current device, ambient and network state. 

 

 

The work also includes the design and development of global ontology and inference 

rules to support a context aware network selection. The global ontology describes 

context information consisting service, user, device, ambient and network profiles. 

The context profiling design is out of scope of this thesis. It is based on the 

recommendations and works in [2,8,9]. Finally, an assessment and analysis of 

decision algorithm performance is done. 

 
 
 
 
 

1.7 Thesis Organization 

 
 
 
 

This thesis organized into five chapters, which consists of the introduction, literature 

review, methodology, results and discussions, and finally the conclusion and future 

work. This chapter introduces the scenario, problem statement, objectives and scope  
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of work of this thesis. The evolution of ambient assisted living and the supporting 

technologies are discussed briefly. 

 

 

Chapter 2 discusses the currently available solutions and technologies in ambient 

assisted living. Some of the most relevant research publications are discussed 

including activity recognition, service selection mechanism, network handover, 

semantic web and reasoning theory. These are the topics and research areas that are 

relevant to the solution proposed in the thesis. 

 

 

The methodology is discussed in Chapter 3. An ontology design for user profile, 

service profile, network profile, device profile and environment profile are presented. 

The service selection mechanism is also discussed in detail before arriving at the 

heart of the thesis, which is the semantic network selection and its reasoning engine. 

At the end of this chapter, the overall systems design is presented. 

 

 

Chapter 4 presents the results obtained from the simulation and implementation of 

the proposed framework. Amongst the analysis done includes performance 

evaluation, accuracy evaluation and reliability considerations. The system’s 

limitation and development challenges are presented at the end of the chapter. 

 

 

Finally, Chapter 5 concludes the experiences acquired and lesson learnt from the 

design and development stages as well as the findings gathered from the 

implementation. Further works for future improvements are suggested for 

consideration. 
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