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Evyapiotieg

H mopodoa mroyloxn epyocio ekmoviOnke KoTd TOo XPOoviKOe SAoTNUo ZeTTEUPPLOC
2010 /ZertépuPproc 2011,0tv ayyAikn yAoooo vo v enonteio tov Kabnynm Tempyiov
[Tomadovpdxn Tov omoio BEL® va vyapIeTHo® Yo TV VTOSTHPIEN Kal KaBodnynon tov. Tov
EVYOPIOTM EMIONC OV LoV EOMCE TNV ELVKOLPIC VO AoYOANO® pe €va TOGO TPMTOTOPLAKO
Oépo dmwg o £€vnva omitio, ( Smart Homes ).

Méowm ™G TTUYOKNG HOL LYo TNV gVKALPio Vo KOTAVONo® KOAVTEPA KAmola BEpata
nave oto é&umva cvotiuata (intelligence computer systemshu otic teyvoloyiec mov
YPNOLOTOIOVVTIOL OTO €VPUYT OIKIOKG OCLOTHUOTO To Oomoio pe evdolépepay moAv. To
Be@pPNTIKO KOUUATL TNG TTLYLOKNG LOV OMOTEAEITOL Omd YVAGELS Kol TANPOQOpieg Tov lyal
oVAAEEEL KOTA TNV TPOKTIK Hov ekmaidevon oty OvoAic, ©6TO TOVETICTAUO TOV
GlamorganKatd tnv dtopovi pov ekel giya tnv gukaipio vo GuUPETACK® 6€ VO EPEVVITIKO
wpoypappa tave ot £vnva onitio To GUARANTEE. X¢ avtd 10 onpeio emiong 0o va
evyaplotion tov Kabnynti Andrew Wareywo v vrootpién kot Borfeid tov xatd v
ddpketa g eEaunvng dropovig pov oto Cardiff oty Ovoia.

Emutiéov, katd tnv d1dpKelo TG TTUYLOKNAG LOV €Yo TNV EVKALPia VO GUUUETACY® GE
€VaL EPEVVITIKO TPOYPULLLO GTO TOVETIGTHILO TOV Movipeak otov Kavadd, , «o [Ipdypappo
AVTOALAYNC POITNTOV 6€ EVEVT cuaTiuata VToloylotev (SEPICS)»o omoio pov £dmwoe v
gvkaipio va dovAéym mave og £Eumva cuothpota dwackaiiog (Intelligent Tutoring System -
ITS) yio téooepig unveg. Avtd pov €dmwoe TV gvukalpia vo avamtiEm TOl0 E10IKEVUEVESG
YVOGELS GE £VO. CLUYKEKPIUEVO TOUEN TOV EVOLAOV GLOTNUAT®V. [0 OAEG TIC YVAGCELG Kot TIg
eumelpieg mov oVYKEVTPMOoO Katd Ty mepiodo dtapovig pov otov Kavadd, 6o nBsia va
EVYOPIOTNO® Kot A Tov  Kabdnynt) pov I'empywo IMamadovpdkn mov pov €dmwce v
EVKALPI0 VO GUUUETAGY® GE OVTO TO TPOYPALLO, GALE KAl TOVG AvOpDOTOLVE TToL Le foriOncay
KaTd TNV Odpkelo g mePLOdov Tapapovig pov oto Ilavemotiuo tov Mdvipeod, Tov
vrevBvvo pov Kabnynt) Pierre Chalfoumot tov vighbvvo tov mpoypdupoatog tov Kabnynty

Claude Frasson.

Téloc, Ba Bela va evyaploTHowm Toug Yoveic pov Bayyédn kot Avva Kot Tov adeped
pov Niko yio tnv moAvTun Pondelo, copmopdoToct Kot VIOpovh Tov £3eEay UEXPL TNV
TEPATOON TNG TTLYLAKNG Hov. Emiong, 88Am va gvyapioticm tov ZoAAoyo Kpnitav Movipeai

Yo TV TOAVTIUN LA0Eevia Tov pag 0150V KATA TNV Ol0LoV LaG EKEL.
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[Tepiinyn

H mtoqgoxn epyacio amotedel pépog tov €pyov GUARANTEE. Ta oapykd
GUARANTEE onpaivouv “@Olokog Gyyehog Yio T0 EKTETAUEVO O1KIaKO TEPIPAAAoV”. Onwg
UTOPOVUE VO, KATOAAPOVUE amtd TO GVOUd TOL HOG TApEYEL TNV TEXVIKN VITOSTAPIEN Yol TV
TPOCHOTIKY ao@dAclnn 610 owlokd mepiPpdirov. To GUARANTEE eivar éva épyo g
PHILIPS, mov mpayuatomoteiton oto Epyactipio Evpuav Zvotqudtov tov Tunuatog
Epappoouévng ITinpogopikng kot Iolvuéowv oto mavemotipuo tov TEI oto Hpdrieto,
pali pe v ovvepyaocio dAlov Evponaikdv tavemomuiov. H apywn 10éa tov épyov ftav 1
onuovpyion €vog ocevapiov evELOV cvoTNUdTev péca oto omitt yioo va  Pondnoet
NAKIOUEVOVE KoL LIKPAL TTond1d. XNV Topela TG TTUYLOKNG OPIoUEVOL ald TOV GTOYOVE TOL
épyov o avoadlopope®BodV Yio TIC OMOLTHCELS TNG MEPATOONG TNG TTLYOKNG UECOH GTO
YPOVIKA TTEPOMPLL.

Avt M TTUOK OVAQPEPETOL OTIC EEVLTVEG TEYVOAOYIEG OTO OKlOKO TEPIPAALOV Kol
avoartvooel évo. multi-agentcbomua mapoyng Pondelog oe éva Bewpntikd mepipdirov. H
TTUY KN epyacio ywpiletal og dvo pépr. To TpdTO UEPOG OmMOTEAEL TO EPEVVITIKO KOUUATL
NG TTUYIOKNG HOV. AVTO TO KOUUATL OVOQEPETOL GTOVG AOYOLS Yo TOVG OToiovg T EEvmva
onitia gival omapaitnTo TNV CNUEPIVY EMOYN, OTIC TEXVOAOYIEG TOL YPNCUYLOTOLOVVTOL GTO
¢€umva omito, GTNV 10TOPIKY| TOVG TOPEiR PEXPL CNUEPA KOl OTNV UEALOVTIKY TOVG €EEMEN
oM Qaiveral amd To oTATIOTIKG dedopéva. TElog Tapovctdlovpe KATOW TEIPOUOTIKE
projectmdve ota é&vava oritia, aVTE TOV KOTA TV YVOUN Hag ivon Ta 010 eVOEIKTIKA. To
Og0TEPO LEPOG TNG TTVYLOKNG EXEL VO KAVEL [IE TO TPOKTIKO TNG KOpudtt. O 6TdY0g 0uTov TOL
OEVTEPOL PEPOLE EIVaL VO OIKOGOUNCOVE Eva dadPASTIKO TEPIPUAAOV TPOGAPLOGLEVO Y10,
KkéBe ypnot péca oTo omMitt. AvTd TPOoTABNCOUE VO TO TETOYOVLE ONUIOLPYDVTAS VOl
EVPLEC CLOTNLA OTO OLKLOKO TTEPLBAALOV, TO 0Tolo Vo pmopel vo pLabet amd 1o ¥pNoTH Kol Vo
umopel va 0ceL Tow SadpacTiKd amoteAéopato. Me autdv tov Tpdmo o Kdbe ypnotng péoa
0T0 OTiTL avTIpeTONICeTaL amd TV apyn, ®G £vo EEYWPLOTO ATOMO OV B AAANAETIOPACEL e
0 ovotnua dtvoviag tov TANpoopiec, MoTe TO cvOTNUA Vo EEpel KABe OTIyUn TIG
OTTOUTAOELS, TO TPOPANUATO VYEIOG Kol TIC SOVOKOAIEG TOL O YPNOTNG CVIIHETOMILEL Kot Vol
avVTIOPA OvVAAOYOL.

Ynapyovv moAloi Tpdmot va, VAOTOooLE £val TETO10 cOoTa. Katd tnv ekmovnon
OUTAG TNG TTVYLOKNG EPYNCING, OMOPAGIGOUE VO, VAOTOMGOLUE TO GUOTNUO UOG, HE TNV

¥PNoM EVELVOV TPoYpapuudtov (Agents)uéca o pioo multi-agentopyitextovik.
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Summary

This thesis composes a part of project Guarantee.iffitial GUARANTEE means
“A Guardian Angel for the Extended Home Environment”. As we can understand from
the name the project GUARANTEE provides the technical solution for personal safety in
the home environment. GUARANTEE is a project of PHILIPS which takes place in the
Intelligent System Laboratory of the Computer Scesdepartment of the University of TEI
in Heraklion, in collaboration with other Europédniversities. The initial idea of the project
was to build a scenario of an intelligent smart Basystem inside the house to assist elderly
and young children. During the execution processesof the objectives of the project were
reconfigured in order to completion my thesis witthe given time frames

This thesis in its present form is referring to snfme technologies and develops a
multi-agent system for assisting inside a thecaétiome environment. | am currently taking
part in a two-phase project. The first phase fothesresearch part of my thesis. This part
refers to the reasons why smart homes are neceseargdays, the technologies used in
smart homes, their historical development and tligiure evolution as shown by the
statistical data. Finally, we present some pilabjgnts on smart homes, which we have
chosen as the most indicative. The second phaseurfthesis consists of the practical
part. The goal of this part is to build an intenaetenvironment tailored for each user in his or
her homes. We try to achieve this by developinmarshome system inside the house, which
can learn from the user and give back interacteelbbacks. This way, the user is treated as an
individual who interacts with the system by givimformation, so that the system knows the
requirements, health issues and difficulties ther umces at all times and can react
accordingly.

While there are many ways to implement such a sysi this thesis we decided to

implement our system using intelligent agents msidnulti-agent architecture.
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CHAPTER 1

General Abstract

According to the Finance and development magaZepteémber 2006) Europe has
an aging population. Improving the quality of Ifier disabled and the increasing proportion
of elderly people is becoming a more and more disgeask for today's European societies"
(Steg, Strese, Loroff, Hull & Schmidt, 2006). Dataows that by 2050 the EU will move
from having four persons of working age for eveldedy citizen to only two. This gives rise
to the question: Is it possible for Europe to afftris demographic change in its population?

Also, even if you put your child in a glass case ffootection, he'd find a way to
break the glass and cut himself. Accidents happenchildhood, despite your best
childproofing and safety efforts. A system to pobtend monitor children inside the house it
become more and more necessarily.

1.1 Abstract

Society is currently facing the ageing of the pagioh, which together with the
increasing engagement of both men and women irofohibme working activities demands
new solutions for taking care of elderly inside theuse. Also, the Government Actuary
Department (GAD) based principal population praoget for the England project (March
2008) have shown that between 2005 and 2041 théewaf users of local authority home
care services would need to rise by 18 percent) ff§,000 in 2005, to 90,000 in 2041 to
keep pace with demographic pressures. The numheses$ of day care services would have
to rise by 19 percent, from 95,000 in 2005, to d/Hp,000 in 2041.

Furthermore, injuries are a major source of chitth@mergency department and
hospital admissions. The most recent accidenstitaifrom the National Safety Council and
the National Center for injury prevention and cohtell us that injury is the leading cause of
death in children and young adults. According tatistics from the Centers for Disease
Control and Prevention (CDC) Childhood Injury rep@000-2006 (published December
2008), there were approximately 12,175 child deatth year, with Children and youngsters
from the age of 0 to 19 dying from an unintentiomglry in the United States (U.S).
Approximately, 45 percent of unintentional injurgadhs occurred in and around the home.
The leading causes of injury death differed by ggeip. Unintentional home injury deaths to
children are caused primarily by fire and burnsifogation, drowning, firearms, falls,
choking and poisonindviost of these accidents are preventable througle@sed awareness,
improvements in the home environment and greatatymts safety

Accidental injuries are the most common cause atlden children over one year of
age. Every year they leave many thousands permgriisdibled or disfigured. The most risk
ages for home accident are the 0-4 year's age gfealfs account for the majority of non-
fatal accidents while the highest of deaths aretdiee.

The pattern of childhood injury in Europe is simita that observed elsewhere in the
world. None the less, differences in rates of dtolod injury mortality persist between
countries. According to statistics from the Eurapegport on child injury prevention (2008),
an average of 42,000 children and teenagers agtd 1P years died every year from
unintentional injuries in the EU during the lastdde.

Inexpensive support systems for staying home alalt@ying care and health centers
to remotely observe and assist elderly, are beapmiossible with today's technology.
Childhood injuries inside the house can be sigaifity reduced with the addition of safety
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devices. Statistical information shows that theetifor a smart system which could assist

elderly and prevent accidental childhood injuri@deading killer of children 19 and under,
has come.

Key words: Smart Homes, Smart Home System, SmarheHd echnologies, Interactive
Environment, Agent, Multi-Agent System
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CHAPTER 2

Introduction

This licentiate thesis presents smart home techiedofrom the perspective of
improving our everyday life experiences, especiafiynot everyone can see the opportunities
new technologies have to offer. This thesis alss@nts different projects of designing such
systems with the user needs in focus. Lastly, tlmedd this thesis is to build a Multi-Agent
System (MAS) tailored for every individual insideet house, which can learn from the
individual and give back interactive feedbacks.

Smart home technologies have started to attracteased interest from big
companies. The needs of society have pointed to¢leel of smart home concepts and the
need for technologies to go beyond the realizabioentertainment scenarios and to support
people in maintaining their well-being. Significafgatures of smart home concepts are
ubiquitous computing, natural interaction and iigehce technologies. These concepts and
technologies should address user needs by focuminthe safety and protection of the
personal environment and the stimulation and engbtf elderly and young people to
maintain an active lifestyle.

The purpose of all these existing concepts andntdolyies is to build a digital
environment that is sensitive and responsive tg@theence of people. An important aspect of
improving the quality of life of any person, old poung, is improving the efficiency and
comfort of the place they call home. To accomptlsk target, the background devices will
be required to communicate with each other andantewith their user through sensors,
intelligence systems and interfaces. The ultimai@ gf these systems is to make the places
we live and work in more beneficial to us.

Smart home is only one example of such systemsgd#aecan be also used in relation
to hospitals, public transport, factories and oteevironments. Many projects set out in
recent years to investigate how these technolagiade deployed to help elderly people live
more safety and for longer than they would havemwtise been able to do so. The projects
also investigated how these technologies can béykp to develop a safe and healthy
environment for children, so they can play and hawe without the danger of serious
injuries.

In this thesis we will focus on smart systems aahhologies used inside the home.
Many projects have been designed without much esiphan the different kinds of
difficulties, health problems or abilities that eyéndividual may have and which it must face
alone. In this thesis we will use a MAS for champthis idea by enabling the computer to
properly behave “as a human” in a one-to-one gpitiith the individual, thus building an
interactive environment tailored for every indivadlu These interactive environments are
capable of providing an intelligent and individzaldl coaching solution and they can evaluate
each user's condition by giving the proper assigtarlso, it can prevent accidents by
monitoring and alarm the individual or persons neian/her. This thesis aspires to provide
additional data to facilitate and expedite the mueleded development of smart homes,
particularly for elderly and children.

We can separate the different types of assistiggerys designed to support elderly
and children in three categories:

Assurance systems aim primarily at ensuring safetywell-being and at reducing
caregiver burden, by tracking an elder's behawdr@oviding up-to-date status reports; e.g.
motion and position sensors.
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Compensation systems provide guidance to eldediyittuals as they carry out their
daily activities, reminding them of what kind oitning or exercises they need to do and how
to do them; e.g. alarm-clocks for the intake ofrpeceuticals.

Assessment systems attempt to infer how well aopassdoing health-wise, for
example by assessing what his or her cognitivd lgvieinctioning is, based on continual
observation of his or her performance or monitonhgoutine activities.

Below | will give a short definition of the termatelligent system, smart home

technology, smart homes, agents and MAS, whicmaoessary to be understood before we
continue with the main part.

An intelligent system is a computer system thatcépable of taking decisions
independently on behalf of its user or owner. Thare many definitions of the term
intelligence. A person that learns fast or one tiad a vast amount of experience could be
called "intelligent". However for our purposes tmest useful definition is the following:
Intelligence refers to the systems comparativel lef/performance in reaching its objectives,
figuring out what needs to be done to satisfy desipjectives and giving back direct
customized instruction or feedback to the usentmomplishing a specific task.

Smart home technology is a collective term for infation and communication

technology used inside the house, where the vaigoongonents are communicating via a
local network.

Smart home is the term for houses with smart hagohrology installed. A Smart
home is named “intelligent” because of the manyhnetogies installed inside that can
monitor our daily living. Generally a smart homeaishighly advanced automatic system
which reacts automatically in user needs.

There is an article about advanced home contrdesysn “Home Energy online
Magazine” (published May/June 1998) that | wouke lto mention.

“Advanced home control systems go by severames, including smart home, home
automation and integrated home systems. By mame, these systems conveniently
control home electronics and appliances inod audio/video, home office,
telecommunications, intercom, security, lighfinglVAC, and lawn sprinklers. Control
systems can also provide information — residentsficel out how much electricity they've
used on specific appliances or systems, and esilitan read meters remotely. For example, in
a truly smart home, your refrigerator would knowawlt contained and would be able to
communicate that information to you. You might evenable to telephone your refrigerator -
- or send it an e-mail -- to find out what foodaiay on the way home from work?’|

Agents are computer systems that are capable migaicidependently, figuring out
what needs to be done to satisfy design objectregiser than constantly being told. The main
point about agents is that they are autonomous.

MAS is a system that consists of a number of ag&hish interact with one-another.
In the most general case, these agents will bagaoti behalf of different users with different
goals and motivations.

The first chapter of this thesis, “Historical Tinmad” is presented in Chapter 3, and
describes how the idea of Smart homes startedjételopment during the years and how is
smart homes nowdays.

Then in Chapter 4, “Future Prospects”, describeg iwtso necessarily smart homes
in the future, the future prospects in smart hotoeking the developments of the last years
and some examples of new developments that wesaéllin the near future.

11

—
| —



Smart Home Technologies

In Chapter 5, “Reasons Leading to Smart Homedistithtes statistical data from
children’s and elderly accidents and the most comynaccident in every occasion. Also, in
this chapter we present general statistical data tdK, United States and Germany, some of
the leading countries in researches in the fieldméart home technologies that shows as the
steps that we must follow for future.

In Chapter 6, “Role of Smart Homes", explains thairmgoals and objectives of
smart home systems and illustrate some leadingtdmane projects to give the motivation
and the background for computer and social scisrtiisbecome involved with the emerging
phenomenon of smart homes.

There are a numerous projects about smart homensyastd technologies. We make
a research in these projects and we choose thiadeades but that only our personal opinion.

The last chapter of the theoretical parts of mgithes provided in Chapter 7, “Setting
up a Smart Home”, describes the personalized dosyisiem environments used in smart
homes, the home automation standards, the smamt bagkground technologies and smart
home devices used in a smart home and lastly giree paradigms of smart home devices
already in use.

In Chapter 8, “Multi-agent Interactive Environmentfitroduce the real-time multi-
agent system and the steps that we must followh®implementation of this system (build
the architecture, implement our agents etc.).

In Chapter 9, “Work Environment”, illustrates th@nk environment of a multi-agent
system, the different parts, the tools and the reldgies that we have used in order to
construct the intelligent system.

Finally, Chapter 10 concludes this deliverable, samzing the main features
presented in this thesis.

12
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CHAPTER 3

Historical Timeline

3.1 Historical timeline of Smart Homes

The idea of Smart homes is not new. Smart homes bagn in existence since 1950
with the improvement of control devices. A remotatcol was first described as an entity in
1893 by Nicola Tesla but the first TV remote cohtkas developed in 1950 by Zenith and
was called “Lazy Bones”. As mentioned in the agtich the history of Smart Homes:

“Starting with electrical power, residential honmdrastructure over the decades has
improved to provide interior automated communigadio entertainment, Internet, video,
climate control and security systems. Smart horoek & giant leap in the 1950s with the
improvement of remote control devices, air condititelevision sets and advanced kitchen
appliances.”

In the early ‘90s, people could not yet imagine i@me automation would entail.
There were PCs of course, but nobody knew aboutilengihones or the Internet. In the
1990s, various projects took place in which eldeygople could experience what home
automation had to offer. Gann and Venables had lesrrally involved in providing
demonstration of Smart Homes in Edinburgh and Yiarlkcombination with the Edinvar
Housing Association, one of the largest propertyaggment and development companies in
the UK, and The Joseph Rowntree Trust (JRF), asBrd#ocial policy research and
development charity. The main difficulty identifie the development of Smart Homes in
the UK appeared to be the lack of completed prsjedtere by data could be acquired and
analyzed. Following on from Gann's work, we canntdg a number of networks and
demonstration projects claiming to meet the neé@rart Home developers.

In 1991, Ad van Berlo established an advice offareassistive technology in the care
sector. He switched from the world of medical teilbgy (CURE), to care technology
(CARE). The field of “Gerontechnology”, which comieis gerontology and technology, was
strongly emerging. This technology aimed at makhnglives of the elderly easier and more
comfortable. The Eindhoven University of Technolaggrted ‘Gerontechnology’ as a hew
research area in the'90s. Home technology is ondésofmain sub-sectors. Later, these
technologies started to be called home automation.

In 1993, Smart Homes started to be promoted indéhelopment and use of home
automation. Both professionals and interest granfpslients can take advantage of smart
home services. Most of the activities aim at théection, exchange and distribution of
knowledge and experience.

In 1998, Advan Berlo setup Smart Homes. Since 1881is working in the area of
smart houses & e-health. His aim was mainly tohterrtthe promotion of home automation,
start experiments and execute demonstration pmj@tiese projects were finished in 2000
and 2001 and they show the necessity of an inegdjiatstem.

In 2001, for the first time in history, Ad van Besl employed staff for Smart Homes
and build “The Smartest Home of the Netherlanddiroligh the cooperation with many
interest groups, the significantly renewed Smantidavas opened in Tilburg in late 2001 and
attracted many visitors from all around the world.
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3.2 Smart Home Today

The twentieth century saw an increased interestoime automation. Although the
idea of the Smart Homes had already been well-knbythe end of the 1990s, until today
only a small number of expensive Smart Homes hdeen built and sold on the
commercial market, in contrast to the rapiffudion envisaged. The full-blown concept
of the smart home is the acme of domestic techyoleg can envisage at present. The
concept, at a time only encountered in sciencefichas moved closer to its realization over
the last ten years. Although the gap between yeaht fantasy is still wide, it is important
that we start to give proper consideration to thplications this technology holds for the way
we will live in our homes in the future.

Themes within the smart homes are ubiquity, comoation and automation. These
themes are more general than just the home. Weatlaabout smart cars, smart offices, and
smart devices but in this thesis we will focusedydn smart homes. As we mentioned
before, it is easy to envisage a smart home wiplrsg¢e agents working in concert to control
subsystems such as air conditioning, entertainmedtassistance. For example, lights might
be turned on automatically when the owner came hdiney might brighten or dim to fit the
occasion or to match the outdoor light. Speakeghtribe distributed through the house to
allow music to follow you from room to room.

An example of a smart home in existence is theehofithe billionaire Bill Gates, a
very modern twenty-first-century house in the Radibdge style, with advance electronic
everywhere. Visitors to the Bill Gates house aaeked by a microchip that is given to them
upon entrance. This smart chip sends signals thmutgthe house and a given room'’s
temperature and other conditions will change adogrtb preset visitor preferences.

The last century saw an increasing pace of changdomestic technology, a
readiness to adopt “time-using” technologies irtipalar and, by the end of the century many
homes linked via the PC to information and servioegond the home. This becomes the
seedbed in which the concept of the smart homelalaee.

14
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CHAPTER 4

Future Prospects

4.1 Future Social Aspects

In the future people will have more work activitieutside their homes than today.
Research has shown that demographical changeskang place in most European countries.
Also, as mentioned in the F&D Magazine (Finance dedelopment Magazine) of the IMF
(International Monetary Fund) in its September 2338e:

“The population of the members of EU in coming akxsais set to become slightly smaller,
but much older posing significant risks to potdntieonomic growth and putting substantial
upward pressure on public spending. According ficiaf projections, between 2004 and
2050, the number of young persons in the EU (agetOwill drop by 18 percent. The
working-age population (15-64) will fall by 48 nidh, or 16 percent, whereas the elderly
population aged 65+ will rise sharply, by 58 mitljcor 77 percent, and the fastest growing
segment of the population will be the very old &g§é+).”[2]

Smart home technologies will give elderly the poidisy to remain independently in
their homes for a long period of time without thander of serious injuries. This
independence to fulfill their demands without amyphfrom a second person will give them
the psychological strength needed to live longsidm their home, with a better quality of
life. It will also give a financial relief to thend their close family environment.

Furthermore, | want to refer to an article writtthom the National safe kids
Campaign (NSKC) (2004) about injuries in childhaddich shows the size of the problem.

“Falls represent the largest share of injury cdstschildren ages 14 and under, accounting
for more than one-quarter of all childhood uninitemal injury related costs. The total annual
cost of fall-related deaths and injuries amongdrbih ages 14 and under is more than $94.9
billion in U.S” [3]

Smart home technologies will help children to b&eisinside the house. They will
also help parents who have many work activitiesidettheir home to feel more secure, to
have some financial relief and to have more peistnee for them and their children.
Unfortunately, the issue of having personal timedasmmonly overlooked when children are
born. However, it is critical for parents to taken¢ for themselves because they are setting
the tone for the whole family and happy parentsmiegppy children.

In smart homes the elderly and the children cambaitored using smart devices.
Sensors can be implanted into their homes for woatis mobile assistance and disease
prevention. The sensors provide information to eaysthat takes decisions regarding what
assistance needs to be provided. Also, smart heofologies will allow us to control the
physical world with all the advantages and the patilvat modern day electronic storage and
computation has to offer. These technologies vélptpeople to be independence and safe.
The target is to construct intelligent system thiditensure a high quality of life and security,
including health monitoring and supportive funcidor young and elderly people.

The last few years many changes have take plagmaimy technological fields.
Personal computers (PCs) are increasingly avajlatieving people to access the Internet.
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As mentioned in a report published by Seagate (R@farding how many Americans own a
personal computer.

“They have found that seventy-six percent of Anamgown a personal computer, with large
majorities also owning other electronic produats/uding videogame console$4]

“Broadband access is increasingly widespread irthefollowing substantial EU efforts and
a pro-competitive regulatory framework in placecsirnthe liberalization of the telecoms
sector. In December 2007, broadband connectiorawaitable to around 93% of Europeans,
mostly in densely populated areas. At the starR@d8, on average, more than half of
European users enjoyed advertised internet spduemae & Megabits per second, which is
considered the minimum to enable advanced senlikegelevision over the internet, and
about 10% of users had access to more than 10 Megeo second.[5]

Furthermore, there has been rapid development ofiatnire, autonomous, and
wireless sensors. It is nowadays much easier tdumaphe information needed for
implementation of home care services. Also, pasaivt active “tags” are being used more
often recently. These are smart, wireless minighipat can sense and act by data
transmission. They may be tied to a physical spaceachine, a device, a production line, or
a human body. Furthermore, cellular phones canttesl fwith a global positioning system
(GPS) or in the future with the European trackiggtem. These can be used to establish a
permanent link between one's home and the outdoeasing interactions and
interconnections between various agents who aneraihonitoring or being monitored.

Many challenges have taken place the last few yaiais in the filled of Ambient
intelligence. Many technologies have started depiapambient interaction concepts that are
truly intelligent, simple and intuitive. These tedfogies integrate multi-modality with
context awareness and intuitive feedback mechanigfss, some of them integrate smart
media access into surroundings such as audio, adedght.

FIPA (The Foundation for Intelligent Physical Ageist an IEEE Computer Society
standards organization that promotes agent-basedndkgy and able to operate in
conjunction of its standards with other technolegi€IPA was originally formed as a
Switzerland based organization in 1996 to produsfwsre standards specifications for
heterogeneous and interacting agents and agend bgstems. Since its foundations, FIPA
has played an essential role in the developmeagent standards and has promoted a number
of initiatives and events that provide the develepmand uptake of agent technology.
Furthermore, many of the ideas originated and dgesl in FIPA are now coming into sharp
focus in new generations of Web/Internet technolagy related specifications. In March
2005, the FIPA Board of Directors presented thisoofunity to the entire FIPA membership,
who all agreed vote to join the IEEE computer Stycidow, it is time to move standards for
agents and agent-based systems into the widerxtaoitesoftware development. In short,
agent technology needs to work and integrate wath-agent technologies. To this end, the
IEEE Computer Society has formally accepted FIPBAdocome part of its family of standards
committees. It is likely that future developmeintshome appliances will allow them to be
interconnected in a local network and to be colgdofrom a computer. This will make it
possible to implement sophisticated help systemelfterly people. In particular, the use of
image and voice sensors in conjunction with such &ointelligent home appliances allows
the implementation of intelligent adaptive intedacfor helping/guiding elderly persons in
their daily tasks.

Smart Homes is far too sensitive and important éweaocial scientists to ignore it
any longer. For some scientists, the concept ofimgoo a Smart Home might only consist of
controlling a few lights remotely while for othecientists security might be the central
application. Still others might choose to instalvanced controllers or use a voice-
recognition system to control their home. Addingneoautomation to an existing dwelling
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has become surprisingly affordable and simple. fedsmart-home market is beginning to
take off, with local providers and Internet saléssspopping up everywhere.

4.2 Examples of new developments that take place

Sensors are one example of how technological industdvances will find medical
applications. Japanese engineers have alreadyopedeh toilet that weighs whoever sits on
it, tests the urine for bacteria and sugar leveld sends the results directly to the doctor.
Diabetics can also look forward to an under then @ensor that regularly monitors blood
sugar levels or a wristwatch device that does lifsiproducing tiny electric shocks to open
pores enough to extract fluid, replacing the frequenger-prick blood tests currently
required. Implanted insulin reservoirs respondingthis information will automatically
release the fight amount of insulin when necessipinating or reducing the need for daily
injections.

Gut sensors will allow sufferers from irritable besyndrome to detect imminent
diarrhea and prevent it by pressing a drug-filledigh under the skin. Many procedures
performed in laboratories will be done automaticaly sensors either implanted in or worn
by patients. Operating room tables and hospitak vl be replaced by multipurpose units
equipped with sensors that can provide suctionwvemdilation during surgery, monitor vital
signs and control post-operative delivery of in@maous fluids and pain medications. This
should lessen the need to put patients in recow®ms and intensive care units and reduce
the associated risk of spreading infections. Initadd ceiling vents installed in hospital
lobbies will monitor the air to detect and repany avisitors who might also spread airborne
infections to patients. Spectacular sensors sicatibgplaced in electric-powered wheelchairs
will let users balance on two wheels, drive throggimd and gravel, climb curbs and even
steep stairs.

Robotic surgery will allow operating with greateegision through smaller incisions,
even by a surgeon thousands of miles away. The wifsttive way to learn any new
procedure is directly from someone skilled in thehinique. That's not always practical due to
travel expenses and scheduling problems. Telecamderg is another option but current
systems often fail to transmit a clear or steady-pixelated image for remote viewers. A
new computer motion system called SOCRATES seenhave solved these problems. The
computer motion system was pioneered at Johns Hspkiound five years ago with the
AESOP program that demonstrated the feasibilityetdrobotic surgery in multi-center and
transcontinental clinical trials. Canadian surgeogently reported performing a series of
telecollaborative surgeries including an appendegtdung biopsy, lung resection, mitral
valve repair and two coronary artery bypass proedun all instances, the mentor actively
participated in a 'hands-on' manner from a remotation. This promises to facilitate the
expansion of new minimally invasive operationsitessaround the world where they are not
available because of lack of trained personnelnantial constraints.

Ubiquitous computing includes most areas of infdiomatechnology and achieving
the vision will rely on several factors coming ttugr.

*Miniaturization (smaller, lower power processasnsors and wireless technologies.)
*Ubiquitous connectivity

eInteroperability (standards for networks and desjcidentification, network and device
discovery, self-configuring, seamless networks)etc.
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eImproved intelligent interfaces (natural interfacéntelligent agents, display technologies
etc.)

* Intelligent systems (including sensor networkentext awareness location, semantic
networks, data handling and search etc.)

*Security and reliability (reliable, secure systeand privacy features)
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CHAPTER 5

Reasons Leading to Smart Homes

In spite of the greater public awareness of thersimame concept, as we see in
previous chapters, the extent to which people atetid of the 20th century were ready to
come in touch with such technology into their ovamies was uncertain.

The elderly population is increasing both in nunsband as a percentage of the
overall population according to the “National Stadal Office”. Furthermore, accidents are
the main reason of deaths inside the house forlglded young children.

; Accidental deaths from fire and explosion by place of occurrence. Fatalities
in the home comprise more than 80 per cent of all deaths from fire and explosion: they
total 7,500 per year. Burns from hot substances cause another 400 deaths per year.

Figure 1 :Accidental deaths inside the home andamrs
5.1 Most common children’s accidents

The most common accidents that leads to deathilishciod are associated with heat
related accidents and falls from a height. Als@re¢hare a higher percentage of burns and
scalds as well as poisoning accidents in youngerchddren.

The most frequently areas of accidents happenaédnaidiouse is the living/dining
room. However the most serious accidents happ#reikitchen and on the stairs.

Most accidents happen between late afternoon arlg egening, in the summer,
during school holidays and at weekends. Factors aacstress, chronic iliness, homelessness
or moving home increase the likelihood of the cliiting an accident. The most accidents
often caused when the parents are in a hurry beca@sdistractions and inadequate
supervision. A system that can monitor the indialdcontinuously providing a consecutive
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supervision will protect child for getting severguiries and it will help parents to have more
free time and less stressful lives.

Because children are often absorbed in their owmddiate interests they can be
oblivious to their surroundings. They only haveimited perception of the environment
because of their lack of experience or developniEmy are not aware of the consequences
of the many new situations that they encounterydail

5.1.1 Most common childhood injuries

Falls

Many children die as a result of falls each yeama from windows and balconies
and the remainder mostly from stairs. Most fallgoie tripping over on the same level.
However, the most serious consequences result faitbsnbetween two levels, such as falling
out of a pram or highchair or falling from a bedheTworst injuries are sustained when a child
falls from a great height or lands on somethingihsinarp or hot.

For protect our children we need a system that ureasdangerous areas around the
house and take guard measures to protect the sinild as keep floors free of obstructions,
keep floor dry or constantly check floor surface &my wear and tear, avoid stepping on
foldable chair, use proper steps when its needed et

Fires

Domestic fires pose one of the greatest risks fitdrem. Children playing with
matches and lighters frequently start house fireshis occasion we need a system that can
check the house for any smoke or fire, mains opdréd give us information about the
location and level of danger of the child and cantact with parents or neighbors that can be
near or take decision to stop the fire with safegasures for the child. Also, it can give an
escape route planned for the child and the parengse of fire.

Scalds

Most scalds are caused by hot drinks being spilichid’s skin is much more
sensitive than an adult’'s and a hot drink can stidlld a child 15 minutes after being made.
Hot bath water is responsible for the highest nunddefatal and severe scalding injuries
among young children. We need a system that camre@adl food and drink is at a reasonable
temperature before eating or drinking, can testdhgerature of water before bathing etc

Glass- related accidents

The increased use of glass in the home has ledte glass related accidents. Every
year children die following an accident with areliiural glass. Many children are also
injured when glass tumblers and bottles break. \@&dra system that can understand when
glass tumblers and bottles break and act immegihtfbre child get hurt.

Poisoning

Most poisoning accidents involve medicines, houkkhmyoducts and cosmetics.
Some poisoning agents can cause breathing difésulseek medical attention immediately.
We need a system that can prevent poisoning adsi@en a system that can monitor vital
signs of the individual and understand the dandgroisoning and seek medical attention
immediately.
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Suffocating and choking

Children can swallow, inhale or choke on items sashsmall toys, peanuts and
marbles. The same system like before can prevsattlais occasion and protect the child.

Drowning

Children can drown in less than 3cm of water. Wedna system that can be under
continuing supervision when the individual is nter water.

5.2 Most common elderly accidents

Nowadays people are living longer and enjoying ilif® their eighties and nineties.
One of the consequences of advancing years isegré&ailty due to declining health and
mobility, leading to increased risk of injury anakdlity due to accidents, especially in the
home.
It is therefore very important to build a systemattiban be aware of the danger and takes
preventive measures leading to increased homeydafahe elderly

5.2.1 Most common causes of accidents in elderly

Falls

Falls are the most common and serious type of aotid the over 65 age group and
a major cause of accidents and death. A commoomdas these accidents is bad lit rooms or
stairs. Most accidents happen between late aftaeraoal early evening that the sunlight is
reduced or absent. We need a system that can asdigrotect elderly by ensuring that every
area of the house will be well lit when it is nexay. Also, we need a system that can alarm
the family members or neighbors when the individsi@éh a danger condition by a fall.

Fire

The elderly are more at risk from fire due to ampsense of smell, restricted or slow
mobility and less resilience to the effects of smakd burns. We need a system to prevent
fires with a smoke alarms and auditor device thattest all electric devices around the house
for any short circuit. Also, it must alarm the inidiual for the place of the danger and the
next action that his/her must do next.

Accidental Poisoning

The main causes of accidental poisoning of peoypde 65 involve carbon monoxide,
mains gas and medicine overdose. We need a sybBt#man check and ensure that all fuel
burns boilers, fires and stoves working properlg. ionitor and check the prescribed drug
doses of the individual by his/her health conditmnl his/ her vital signs.

Burns and Scalds
Contact burns to those over 65 can prove to bd. fitee main sources include
radiators, electric fires and cookers. Scaldingoivimg the use of kettles causes many

injuries. We need a system that can measuring Hiervtemperature and can take fireguard
measures when it's needed.
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5.3 The statistics shows as the way

Statistics are an essential part of any analysisatdty and health issues. The most
countries experienced an early demographic shifatds an aging society. Population ageing
brings potential benefits, but also challengeshe $ociety. Appropriate and up to date
statistics on ageing are needed to inform polickera and clarify requirements for service
delivery. Key policy areas are health and societ @& well as the ageing of the workforce. In
a period of a worldwide crisis all these mattersdmee emergence.

5.3.1 General Statistics from UK

In UK the population is grows in size and becomes inarghsolder. Ageing refers
both to the ageing of the population and the irgirggnumber of people reaching older age.

100 — o

_an L !

hart ;-'.IE-EIJ [
80 : _:
70
60 E 85+
50 1 65-84
a0 = 16-64
30 m <16
20
10

0 T T |
1087 2009 2034

Figure 2: Population age structure of UK 1984-2034

Over the period 1987-2009 the number of people a@fedand over in the UK
increased by 20 per cent to 10.1 million. In 2008 per cent of the population was aged 65
and over. The number of people aged 85 and ovee than doubled over the same period to
1.4 million and the percentage aged under 16 fethf21 per cent to 19 per cent. Population
ageing will continue for the next few decades. B\32 the number of people aged 85 and
over is projected to be 2.5 times larger than id920eaching 3.5 million and accounting for 5
per cent of the total population. The populatioedag§5 and over will account for 23 per cent
of the total population in 2034, while the propontiof the population aged between 16 and
64 is due to fall from 65 per cent to 59 per cent.

Also for UK, accidents can take place in a wideetst of environments. However,
the home is the most likely location. Home accideare a major cause of death and injury
and contribute substantially to potential yearbkfeflost.
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Figure 3: Injury location in UK

As mentioned in the home accident prevention giyatnd action plan 20-2009
project (November, 2004), there are three maingcaies of home accider

1) Impact accidents including falls, being | by falling objects and genel
‘bumping into’ type accident

2) Heat accidents including burns and sc

3) Through mouth and foreign body accidents inelgdiaccidental poisoning
suffocation, choking and objects in the eye/ea# [6]

Evidenceshows that accidental deaths inside the house @seaommonly caused |
falls, fire and flames, and poning specially in childhood ages.
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Cause of Deaths from
Accidents in the Home

Fire & Flames
21%

Choking &
Suffocation Other
11% 11%

Figure 4: Cause of deaths from accidents in thedof UK

5.3.2 General Statistics from United States

In theUnited Statesmore persons is need of long-term care every yeashown by
model calculations of the Childhood Injury Repo@DC) in the United States, injuries
continue to be the leading cause of death amordrehi Among those 1 to 19 years of age,
44% of all deaths are due to unintentional (i.ecidental) injuries.

Furthermore, the number of elderly people will e&se dramatically during the
2010-2030 period. The elderly population in 203frigjected to be twice as large as in 2000,
growing from 35 million to 71.5 million. Also, begen 2000 and 2040 the number of elderly
adults with disabilities will be more than doubledcreasing from about 10 million to 21
million, as shown in the statistical data from Loidgrm Care Insurance Sourcebook
published by the American association for long-teare insurance (2009).

24

—
| —



Smart Home Technologies

Cause of Death by Injury Status

Figure 5: Percentage of Unintentional Injury Dethasng Children 0 to 19 Years, by Age
Group, United States, 2000 — 2005

Percent of Unintentional Injury Deaths
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m5to9years

m 10 to 14 years
W15 to 19 years

Figure 6: Percentage of Unintentional Injury Deahsng Children 0 to 19 Years, by Age
Group, United States, 2000 — 2005
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5.3.3 General Statistics from Germany

In Germany of 2030 more persons is need of lengrtcare and more hospital
patients due to ageing. As shown by model calanatiof the Federal Statistical Office of
Germany, on account of the foreseeable demograplaicge in Germany there may be about
58% more persons in need of long-term care and a@¥e hospital treatments in the year
2030 compared with today.

i 0
BO0 200 200 600
thouzand thouzand

Figure 7 : Age structure of population of Germany

The German market has without a doubt taken a lea8mart home technology
industry with Deutsche Telekom’'s T-Systems and R®Bf&artHome already offering real
solutions to customers.

An example of such systems is the Smart Connechgsanent platform developed
from Telekom’s T-Systems company and enables mamageof several devices such as
washing machines, heating and photovoltaic systénmtegrates various home management
technologies: windows, lighting, shutters/blind&rian systems, or home appliances can be
easily controlled remotely with a smart phone dida The platform provides a secure and
flexible infrastructure for manufacturers and versdaf technical building services and home
appliances or energy providers, thereby also emgitiem to offer smart home services.

RWE SmartHome is another example of a companyenmany offers economically
efficient and easy-to-operate control system owglligent devices that you can install in
your home without previous technical knowledge aitth minimum time expenditure.

5.3.4 General Statistics from Greece

The statistical data for Greece of the period fro®@1 until 2001, as shown by the
calculations of Hellenic Statistical Authority (EEILAT) shows that the elderly population
increases. From the research below, it can be thetrihe elderly population (65 years and
above) increases rapidly while the age group of Ddtreduces rapidly.
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Population Projection
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Figure 8:Population projection by age of Greece 1-2001

Furthermore,another interesting research on Greece shows houy msers hav
access to computers and how many have accessitdehget throughout the period of 2(-
2008.
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Figure 9Access to computers and internet connection irrGr&04-2008

Additionally, an article about risk factors for bunjuries in the childhood mention
the following: a case control study from Greeced{@during a 12 month period researcl
239 children who presented with a burn injury & Emergenc\Department of a teachir
children's hospital in Athens. The results stronglpport the view that childhood bt
injuries are largely environmentally conditioneddaaccordingly are easily preventable i
safe environment.
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CHAPTER 6

Role of Smart Homes

6.1 Aim of activity

This is the theoretical part of my thesis. In th@st, | aim to provide the motivation
and background for computer and social scientstbeicome involved with the emerging
phenomenon of smart homes. Although the concegbiso$mart home is now well established
and a number of research projects are underwag, feedd of academic research the smart
home is still in its immaturity. This is perhaps sarprising because domestic technology in
general has been neglected by academics, despitendrmous changes seen over the last
century. This research part aims to present amniatienal selection of leading smart homes
projects, as well as the associated technologies/iaafrable and implantable monitoring
systems and to explain how these technologiesheif) to obtain information from elderly or
young people in order to deal with their real neadd wishes relating with their living
accommaodation, quality of life and independence.

6.2 The aims of smart home system

The smart home system uses networking technologyntegrate the devices,
appliances and services found in homes so thatetiiee domestic living space can be
controlled centrally or remotely. The smart hometesn appropriately expands system’s
capabilities to produce more control, both peragigad actual. The successful achievement
of these two targets will provide its inhabitant& tmaximum possible comfort and safety
through intelligent automation.

The aim of smart home system is to support everliding of elderly or children. To
accomplish this objective a system is needed, wharses, recognizes, and interprets the
activity of those living in the house, thus creadsome that is aware of its occupants. These
systems and tools generate alarms and alerts atitaityaif significant changes are observed
in the user's vital signs. This kind of systemd ®alilow our domestic appliances and services
to communicate with each other and make electrdagisions on our behalf, wherever we
are and whenever we need it.

Specifically, the main aim of a smart home systenefderly, is to monitor them and
also helping them to have a more comfortable asy k@&. Smart Home for elderly people is
an integrated, smart platform that enables therlglgpeople to use innovative technology for
a more independent life, monitor their health ardves as a source of assistance through
assistive devices in every occasion.

For young children, the main aim is to protect thdsg monitor their actions,
building a safe environment and by giving them khewledge to be capable to accomplish
their demands alone as safe as possible.
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6.3 Leading smart home projects

There are several projects about smart home systhats have already been
developed. In this chapter | will mention the legpdsmart homes projects that in our opinion
will help us to understand better the emergencgnadirt Homes.

6.3.1 The HomeLab project

After two years of design and construction, Homelas opened on April 24, 2002
by Gerard Kleisterlee, the president of PhilipscElenics. The HomelLab project uses a
centered design environment for advanced studiesuitimedia concepts for the home. The
HomeLab is a digital home. The home looks usuabbse it keeps in the background the
actual technologies such as the black domes atc#ilings that are hiding cameras,
microphones etc. All this information that is colied by these sensors is send to an
observation room. Each Observation station contamnsmonitors and one main computer to
control the cameras and to mark observed eventsréless connectivity helps to connect the
devices with the main server without running cables

The prototypes range from electronics that recagmiaur voice and movement to
digital displays within the bathroom mirror to néweys” that help children expand their
creativity. A power control system features remotmtrollable light settings and power
switches. But it is still leaves the possibilityr fparticipants to simply turn on and off the
lights by using ordinary switches. Future intelhigesystems that aim to enhance people’s
emotions and experience by means of lighting wélldble to interface with the HomalLab
power control system.

Also, as mentioned in the web page of Philips enghrt research and technology.

“Philips created HomelLab to test its new home tetdgy in the most realistic possible way
environment. In the home of the future, electromick be seamlessly integrated into your
home with built-in flat-screen monitors, wireles®noections and voice or gesture
recognition, so that you will hardly notice its peace. In fact, the home of the future will
actually look more like the home of the past tHahome of present[7]

6.3.2 The MyHeart project

MyHeart project started in 2003 and run until 20IBe MyHeart project, to which
Philips Research is a major contributor, is ondheaf principal biomedical and healthcare
research projects within the European Union. Wheoines to people’s health, the first and
foremost rule is that prevention is better thanec@ardiovascular diseases (CVD) are the
leading cause of death in the western world. Inoperover 20 percent of all citizens suffer
from a chronic CVD and 45 percent of all deathsdue to CVD. Europe spends per year
billions of Euro's on the treatment of CVD. Withetlupcoming aging population, it is a
challenge for Europe to deliver its citizens hezdtie at affordable costs.

The starting point of the MyHeart project is torg&nowledge on a citizen’s actual
health status. To gain this info continuous moimigrof vital signs is mandatory. The
approach is therefore to integrate system solutiotes functional clothes with integrated
textile sensors. The combination of functional loést and integrated electronics and process
them on-body, we define as intelligent biomedidathes (IBC). Intelligent clothes are able
to continuously monitor vital signs of the citizemake diagnosis and trend detection and
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react on it. Together with feedback devices, ablénteract with the user as well as with
professional services, the MyHeart system is forn@mk of the key technologies developed
by Philips Research relates to the signal procgssigorithms needed to extract ECG data
from the electrodes built into the vest and bedsen The goal is to continuously monitoring
and accessing the electrical activity by using ttencephalograph (EEG).

This system is suitable for supporting citizen§ight major CVD risk factors and for
helping to avoid heart attacks and other acute teviey personalized guidelines and giving
feedback.

6.3.3 The CareLab project

The CareLab project is a realistic aware envirortmeith advanced sensing and
reasoning capabilities to study consumer healthveglthess propositions in a home context
as an instrument for ensuring early user involvemanthe development of innovative
applications of technology. A CarelLab has beerbéisteed at the Philips High Tech Campus
in Eindhoven, the Netherlands.

The Future Care Lab is part of the Human Technolognter at RWTH Aachen
University, one of the largest universities of Ganyand one of the most renowned technical
universities in Europe. An interdisciplinary prdjebouse taking place, funded by the
excellence Initiative of the German federal andestgovernments, in which high-level
interdisciplinary research between social scienagyineering and natural sciences is
promoted. The Lab attracts both, internationalngcindustrial partners as well as companies,
which support the Lab and its developments by fagdnetworking and technical expertise.

The Future Care Lab was established as an opemizgglative test bed for studying
the acceptance of Ambient Assisted Living techni@egnd has close contact to clinics and
hospitals in different European countries. The pavides an intelligent care infrastructure,
consisting of different mobile and integrated desic for supporting elderly people in
technology-enhanced home environment. The setdipeoEab enables in-situ evaluations of
new care concepts and medical technologies by vibhgedifferent target user populations in
realistic usage situations. Some technologies lhae been tested in the Future Care Lab
project are:

Smart bed: It supervises and monitors an eldentggrés condition while sleeping. It gives
back details about vital signs with sensors buiib ithe mattress. The big advantage of this
technology is that it can also help to improve dneality of life of people with heart diseases.
The quick reaction in this occasion can save feeolia person.
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Scenario J: Bedwetting

User profile: Klaus 20 years old
mentally disabled

Time: Monday 23.59,
Location: Care center

= Klagus is sleeping and he suffers from enuresis. He wets his bed

without waking up. The enuresis sensor which is placed be-

tween the mattress and the sheet sends alarm fo the nurse.

Pu?a arrives and changes new sheefs. Now Klaus can go back
o sleep.

Figure 10: Mentally disabled, example senario |

Intelligent Life Style Assistance (ILSA): It's a e environment system which adapts to the
needs of people inside the house, helping thenvemyday life. For example, it can close
doors if there's a draft or warn emergency serviten it is appropriate. It will be a very
useful tool for elderly people inside the house.

Scenario H: Door camera
User profile: Bjérn 81 years old,
moving disability.

Time: Saturday 13.20,
Location: Home.

Bj&rn is watching TV. Doorbell rings, but Bj&rn He opens a video connection through Now that he knows It is safe fo open the

is not expecting any visitors. a camera, that is installed outside. door, he presses a button which opens it
He can see that the visitors are his remotely. He can do it on the screen or from
friends. other buttons which are convenient

|
laced in the rooms, Bj&rn and frlangs call te
jérn's brother who is unable to arrive there.
So, they decide to watch old pictures
together through video meeting.

Figure 11: Door camera, example scenario I
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Scenario |: Observation

User Frofils: Jaakko 42 years old
mentally disabled

Time: Monday 15.35.

Location: Home/Work

Kaisa Is at work and she s chacldng from a website Motion detectors and cameras

that how is her brother Jaakko doing. are installed in Jagkko's house. They
record all the activity in the house
and send the data to the webservice.
Kaisa sees that nobody has visited
Jaakko recently.

Kaisa decides to visit Jagkke and see how
he is doing.

Figure 12: Observation, example scenario IlI

Scenario C: Falling in shower
User profile: Mervi 74 years old.
Time: Sunday 17.30 pm.
Location: Home

Mervi goes to shower, She is reaching to a fowel
but loses her balance and falls down.

She Is unconscious more than five minutes.
When she wakes up she feels lots of pain In her
ha?d and hip. She can't move because of the
pain.

The pressure mat which is placed
under the shower recognizes the
falling and sends an alarm to one
relative, neighbour and healthcare
service provider, Connection is
established also between
healthcare service and the relative,
so they can discuss about the
situation together.

Call Is made to Mervi's house, Nurse calls to
Mervi, ihrox.,l&h a speaker system installed in
the house. Mervi is unable to speak which is
a sign for the nurse fo take action. A caris
send to Mervi's house to inspect the situa-
tion.

Figure 13:Falling in shower, example scenario IV
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Later Life Lighting: The good lighting is necessdoy the elderly. Many elderlypeople must
go to a care home after a fall inside the nightetdife Lighting is helping to create the
perfect lighting system with motion- activated lighhat automatically come on at night.

Scenars G: Wrkstband and motion detecton
Interact with ihe Bghting

User profile: Hons 72 yearn old.

Time: Friday 21.05 pm,

Location: Homa.

.-'-\\.
]
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It =
Hars comes homa in the evening and (b dark Hars mavaes to o differsnt room Hant wokes up during the night and needs
giready. When he enien the enfronce holl, (entrance lights shutdewn If no to usa the |g||f+. e I?nal w\qudng his wrisd-
Eght senson pick up the signal from the activity is datected alter five band. Motlon detectars activate tha lights
wristband and autematically the lghts minutes) and stalr lights and ot he i walking fowards the follel. Motion
within range id up. |5 meler pedmeter] thrashalds Iid up with even brighter  delecion con be configured to work on
lights, spacifiad times,

Figure 14: Wristband and motion detector, exampémario V

6.3.4 The ALADIN project

The Ambient Lighting Assistance for an Ageing Papiain (ALADIN) project aims
at developing an intelligent assistive system bamedimbient lighting to support mental
alertness and memory performance as well as redaxat specific situations. There are two
ways of ensuring that all components of a buildsygtem such as lighting, heating,
ventilation, air-conditioning, security systemdtslietc. work together efficiently and don not
interfere with each other. The first way of workiefficiently such a system must be running
all components across a single system for bettadlimy and the second is installing a special
system for every individual service to achieve maxin functional efficiency in each area.
This system will use sensor-based monitoring costbiwith adaptive algorithms, to assess
people’s level of functioning in a continuous wandaa real-life setting as they go about their
routine activities.

An example of such a system can be an adaptivérgysystem that can contribute
considerably to sound sleep and a regular sleeg-wgé&le, which are essential to preserve
and enhance people’s state of health. It can asistaelderly in living at home autonomously
for a longer time and contribute to their qualifylific. Middle age is a turning point for sleep.
Some sleep patterns have already changed signifidanthe time an average adult reaches
age 30. Though these changes may go unnoticedsat thhey may over time become a
problem.

An article of Science Daily online news (June, 1J99&ntioned:

“Dr. Carrier and her colleagues tracked sleep patten 110 healthy study volunteers 20 to
59 years of age, and found that sleep changed ticathabetween the 20s and the 50s. They
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found that, with age, people go to bed and getaulieg, sleep less, wake up more during the
night, have more light stages of sleep and fewep dtages.[8]

Light affects the elderly mainly in terms of slegpality, changes of mood and
cognitive performance as well as the metabolicesysiThe system is expected to assist with
regulating circadian rhythms, i.e. our inner “clackertain diseases particularly common
with the elderly such as dementia lead to changesdogenous circadian rhythms. Ageing
itself often leads to a deterioration of peopldeep-wake cycle. This can result in sudden
psycho-physiological deactivation or low alertnkes&ls during wake phases on the one hand
and night-time awakening on the other.

auiomatic control system

ouiout
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i
:

I
A |

Input

advice and sSuppodt
application

Figure 15:Biofeedback System

output

The system background will be an intelligent opmp control and biofeedback
system that can adapt various light parameters asdhtensity, light directions or color in
response to the psych-physiological data, whichcarginuously registered by the system. A
control system that can be manually adjusted \@plgcal interfaces, allows the resetting of
all light parameters to their default values. Saobeatly, artificial intelligence techniques
such as genetic algorithms, fuzzy systems or newtatorks are used to achieve the lighting
best suited to the individual and/or to a particgituation. To achieve truly ageing friendly
interfaces design-for-all principles are appliedickihtake into account changing levels of
capability due to age. An application that cansasdider people in better understanding their
own affective cognitive states including their eidean rhythms and enable them to take
responsibility for regulating them.

6.3.5 The Aware Home project

The Aware Home project has been built to develmhrielogies that can be used
inside the home environment in order to locate @adl the movements of a wearer. They
have developed technologies that can build a né&twbisensors and computing within the
house, from floors that can identify those who walk them, RF (Radio frequency)
transmitters that can provide resident locationnmiation, to cameras and microphones in the
ceiling to recognize and track people in the holi$e. Georgia Tech Broadband Institute is a
multidisciplinary center that seeks to understand advance the ever evolving array of
broadband technologies and services.
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The Institute brings together the best minds ohlsatience and industry to define
significant research problems in all aspects oabb@and communications. Areas of expertise
span wireless and optical systems and multimediannaanications, including the
contemporary themes of sensor networks, cognitiggor information security, distribution
of personalized content, mobile gaming, and regidleapplications such as aging in place.
Leading-edge facilities enabled by seed fundinghef Georgia Research Alliance provide
practical training to students while promoting calipg versions of industry relevant
research. Industry investments in our programs leveraged by significant funding of
broadband research from federal agencies.

The ubiquitous video/audio project, that is a paiitthe Aware Home project,
explores potential implementations of video andiaugchnology that seek to become
transparent to everyday activities. As a part a$ tproject, video and audio processing
techniques are developed and their applicationgxtored within the context of an “Aware
Home". They expect the use of video in the homgrtav from isolated applications such as
videophones, smart front doors, and surveillanceicde to become ubiquitous. Such
ubiquitous use of video and audio technology withke the entire volume of the house
viewable, and permit synthesis of desired viewsnfrexisting views. Once they will have
established an infrastructure to support such gagere use of video and audio technology, a
homeowner will be able to install video hardwaredoe purpose and use it for many others.
For this reason, they expect an explosion of denfianddeo applications.

Whatever the situation, there are many opportgifier home technologies to
support the important communication and coordimatiasks of a network of formal and
informal caregivers. The same technologies thadluwnized in the workplace can now
make life easier in the home. These technologige lize potential to greatly reduce health
care costs, by allowing people to live independeintitheir own homes, rather than being
forced into institutional care facilities.

Some of the research the Aware Home Researchtivities capable of or in the
process of investigating include:

» Empirical studies of home-based health managempeatdtices, including chronic disease
care and healthy lifestyle adherence

* Interactive tools that promote health educatiod aare by utilizing sophisticated home
health monitoring

* Visualizations and ambient display techniqueprsent health monitoring results in a way
appropriate for the home

» Understanding home support needs of older adults

» Developing a framework for technology acceptacomcerns, especially those around
privacy and automation issues
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6.3.6 AMIGO project

Many Europeans leading companies and researcheesjbimed together in Amigo an
integrated project that will realize the full potieh of home networking to improve people’s
lives.

Home networking has already emerged in specificlieggpns such as PC to PC
communication and home entertainment systemsidability to really change people’s lives
is still dogged by complex installation proceduréise lack of interoperability between
different manufacturer’s equipment and the absehcempelling user services.

By focusing on solving these key issues, the Amigoject aims to overcome the
obstacles to widespread acceptance of this newadmyy. The project will develop open,
standardized, interoperable middleware and atiactser services, thus improving end-user
usability and attractiveness. The project will shib end-user usability and attractiveness of
such a home system by creating and demonstratiotptppe applications improving
everyday life, addressing all vital user aspeotsné care and safety, home information and
entertainment, and extension of the home enviromrbgnmeans of ambience sharing for
advanced personal communication. The Amigo projaitfurther support interoperability
between equipment and services within the netwoHade environment by using standard
technology when possible and by making the basicdleware (components and
infrastructure) and basic user services availalsieopen source software together with
architectural rules for everyone to use.

An overview of the Amigo components:

The Programming and Deployment Framework

The programming framework is an essential parthef Amigo Software which will be
used as a basis by nearly all application/compodewtlopers. The goal of the framework is
to support developers to write their applicationcomponent software in a short timeframe
by relieving them of time consuming and complexsasuch as protocol-specific details for
remote communication and discovery.

Context Management Service

The Amigo Context Management Service (CMS) is amnoipfrastructure for managing
context information. The role of the CMS is to acguinformation coming from various
sources, such as physical sensors, user activdimas$,applications in process or internet
applications and to subsequently combine or alistnase pieces of information into "context
information" to be provided to context aware seFsic

Awareness and Notification

The Awareness and Notification Service (ANS) pregidhe basic functionality required
to develop applications allowing people and othppliaations to stay aware of any
significant change in context with minimal effoANS is able to keep track of changes in
various types of context, for example activitiesd apresence of people. ANS makes
application layer services aware of context charmesotifying them. Applications register
monitoring rules that specify what changes in canghould be notified to them. From the
user perspective, the Awareness and NotificatiomviGe provides notifications with
appropriate rendering of intensity, based on tlee'sipreferences and current context.

Privacy and Security

This component provides access to the Amigo auteitn and authorization service. It
encapsulates the communication and cryptographmitpres that are used for device/user
registration, authentication, and authorizatiorhwiite centralized Amigo security service.
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User Modeling and Profiling

User modeling and profiling provides the methodglég enhance the effectiveness and
usability of services and interfaces in order tptélor information presentation to user and
context, (b) reason about user's future behawidh€lp the user to find relevant information,
(d) adapt interface features to the user and thdegb in which it is used, (e) indicate
interface features and information presentationtufes for their adaptation to a multi-user
environments. These goals are achieved by constguainaintaining and exploiting user
models and profiles, which are explicit represéotet of individual user’'s preferences.

6.3.7 ThereGate Project

ThereGate project is a solution based on an opeuxLplatform enabling the home
owner to build a technology-neutral smart home taat be controlled with a mobile phone,
using a unified user interface. ThereGate suppdies most common smart home
technologies, including Z-Wave as well as enablihg incorporation of proprietary
technologies.

Building blocks for an intelligent house are regdilvailable in the market. Putting it
all together is, however, like trying to build ause from blocks that do not fit with each
other. There are smart refrigerators, energy-sawiaghing machines, heating systems that
can adjust the room temperature with one-Celsiagsfacy, security systems with touch
panels, low-energy walls, programmable thermostsddfradjusting curtains, configurable
set-top boxes, self-operating yard lights and nmolne. The problem is all these systems are
separate and you end up having a dozen remoteotiergrand miles of cables in the living
room. Until now, solutions to home automation otradles have been sought through the
development of better sensor networks. Althougly Hre, of course, very important parts of
new smart home solutions, no single sensor netwemtnology can solve the challenges in
this field. Z-Wave, ZigBee, and KNX are all attespd define a common command language
for home networks. So far, there has not been @ elénner in the battle for the de facto
standard of home networks. Hence, it can be assuhada future home will use several
different technologies.

ThereGate acts as a dictionary that translatesrdiit technological languages so that
they can be presented in a unified user interfeaghermore, the platform enables grouping
different physical devices, even from different macturers, to be presented for the user in
an easy-to-understand way.

The whole ThereGate solution consists of four ncaimponents:

1. The heart of the solution is the ThereGate whidbuilt on top of standard gateway
architecture.

2. Two most important control nodes are the matilene and web browser.

3. The back-end server architecture ensures a ssamahd secure link between a
mobile device and the home gateway and also makssilj}e updating and upgrading
software easily.

4. The partner devices. In addition to the comptsehat There corporation is

providing, the value for the end customer comemftbe integration of different third party
devices and systems under the control of one nsarface.
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It will be possible for example to monitor and aohtelectricity usage, to switch
devices on and off, and monitor different objesisch as temperature, camera, and motion.
On one hand, ThereGate can be used as WLAN gatélmyhe other hand, the platform
covers everything from a basic security solutionatanore sophisticated heating control
system. Users are free to build a solution thattéittheir needs and expand it whenever they

want.
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CHAPTER 7

Setting Up a Smart Home

7.1 Personalized Control Systems Environments

The applied research, meaning ideas and theorigsrasulted in useful control systems
prototypes which should be relatively easy to dg@lod evaluate. The results presented in
this chapter are closely related to the four pggqies in particular. The four system prototypes
are:

Multi-Agent System Control Environment (MAS)

It is a communication systems environment that ist&i®f a number of agents which
interact with one-another. MAS can be used to eislead an emergency alarm or to allow a
two way communication system between the systenitengerson who is assisted.

Embedded Control Environment

An embedded system is a combination of computedwene and software and
perhaps additional parts, either mechanical ortreleic designed to perform a function. It is
embedded as part of a complete device with marigibie distributed devices throughout the
environment. By contrast, a general-purpose compsteh as a personal computer (PC), is
designed to be flexible and to meet a wide rangendfuser needs.

Ubiquitous Computing Environment

Ubiquitous computing environment would allow us teverage the natural
associations of the physical world with all the aghages and power of modern day electronic
storage and computation. These technologies will beople to be independence and safe.

Context Aware Environment

Context aware environment is the environment thains about their situational state
and is originated as a term from ubiquitous commmutihich sought to deal with linking
changes in the environment with computer systerhgware otherwise static.

7.2 Home automation standards

In this section we shortly discuss the most comrhome automation standards.
There are also other standards that are not meationthis chapter, we just mentioned the
most important ones in our opinion.
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X10

The X10 technology is the most common and accesdiidim of smart home
technology. It was developed between 1976 and 1¥@8.is an international and open
industry standard for communication among electral@vices used for home automation. It
primarily uses power line wiring for signaling arabntrol, where the signals involve
brief radio frequency bursts representing digitéimation. A wireless radio based protocol
transport is also defined.

X10 uses a decentralized architecture. An X10 aystan be made up of a set of
devices that are directly controlled by the usene 7X10 protocol implements a simple
addressing system that uses 16 home codes andvit® @edes, allowing addressing 256
devices.

X10 works by generating carefully timed electripalses in your home’s AC current,
and these pulses are then translated into commHisdan ‘interference’ tool that allows you
to remotely control lights, appliances, and nearly other device in your home that operates
on an alternating current (AC) system.

Apart from direct operating systems it is possitlledesign more complex systems
using X10 specific controllers. These controllenside the communication with a PC. The
PC can be only used in the controller’'s programmigause to create a simple set of actions
the controller can operate independently, switclungand off devices according to defined
hourly schedules and triggering multiple actionsimgply pressing a key.

KNX

KNX is a worldwide standard for all applications iimtelligent home and building
control. KNX is designed to be independent of aaytipular hardware platform. KNG is
ranging from lighting and shutter control to vaisagecurity systems, heating, ventilation, air
conditioning, monitoring, alarming, water contrehergy management, metering as well as
household appliances, audio and lots more

There are three categories of KNX device:

A-mode (Automatic) devices automatically configtimemselves, and are intended to
be sold to and installed by the end user.

E-mode (Easy) devices require basic training tdalhsTheir behavior is pre-
programmed, but configuration parameters need tailmeed to the user's requirements.

S-mode (System) devices are used in the creatiobespokebuilding automation
systems. S-mode devices have no default behavidrmaust be programmed and installed by
specialist technicians.
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C-BUS

C-Bus is a proprietary microprocessor-based cordral management system for
buildings and homes. It is used in the control ofmdtics, as well as commercial building
lighting control systems. C-Bus uses a dedicatedoltage cable or two-way wireless
network to carry command and control signals. E@eBus device has its own in-built
microprocessor and “intelligence”, allowing unitstte individually programmed.

The status of each C-Bus unit is initiated at dpetime intervals, without the need
of a central controller. Each device is allocagespecific time frame to broadcast its status,
synchronized by a self-generated system clock pulées allows large amounts of data to be
transmitted in a very small time frame, leadingléev processing overheads and low
bandwidth requirements.

The C-Bus connections may be looped from unit b @na branch can be made at
any point. This ‘free topology’ structure provideglexible system layout. New units can be
added without re-configuration.

Every C-Bus Unit has a unique number, so that alliks on the Network can
communicate directly. Also, as C-Bus uses poimhtdti-point communication, every device
on a C-Bus Network issues and responds to comnsiretgly from the Network, rather than
requiring a central computer or controller.

Each C-Bus device is programmed to issue and resjeothe certain commands. A
virtually unlimited number of commands can be pamgmed into the C-Bus system.
Generally, Input Devices are programmed to issugncands, and Output Devices are
programmed to execute those commands.

Single Devices can also produce multiple eventdtiMe commands do not have to
control the same Output Device(s), so complex sgenaan be easily created, for example a
single push button switch controlling a whole fl@da building.

Multiple Input devices can conditionally controlsangle Output Device, dependant
on specific circumstances. This allows multipleels of over-ride switching and other
complex control systems to be created easily.

Z-WAVE

Z-Wave is a standard that brings together commtinitsibetween electronic devices
in order to achieve an optimal system to controhfoot and energy consumption in buildings
with intelligent installations. Z-Wave is based @mentral server that has the overall control
function.

Z-Wave is a proprietary wireless communicationstgmol, specifically to remote
control applications in residential and light conmoi@ environments. Thus, it allows third
parties to develop their own solutions and serviomedop of the platform, expanding the
system to support new services and smart home démfias. The technology uses a low-
power RF radio embedded into home electronics ds\and systems.

A new wireless radio technology has been standeddi®y the Z-Wave Alliance. It
has tested several new products based on Z-Wadesaai performed as reliably as if | were
flipping a light switch. Z-Wave is a new technolotpat does a good job on controlling low-
overhead commands such as on-off lights, open-citms@s and other electrical devices
throughout your home.
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ZIGBEE

ZigBee is a home automation that offers a largéesstandard for products enabling
smart home consumers gain greater control of gmrgy use, by using control appliances,
lighting, environment, energy management, and ggcas well as expand to connect with
other ZigBee networks.

ZigBee smart energy allows consumers to be moreamaentally aware. It helps
the owners of a home to reduce easily their constompand save money by giving them the
information and automation needed. It is the legditandard for products such as monitor,
control, inform and automate the delivery and uUsenergy and water.

Numerous companies have invested their money apérise to this standard. One
of them is Philips

7.3 Smart Home Background Technologies

In smart homes the elderly and children can be tomd using smart devices. Smart
homes have a number of standards smart home bacidjtechnologies that are important to
consider in the design of any home. The most tdolgres already used in the home security
vector but the difference is the ability to comnuatée with each other through a network. The
following are the main technologies used commonlgmart home environments.

SENSORS

Sensors are a device that monitor and measureit@stivn the environment.
Examples are heat and movement sensors, bed rnatSegisors can be implanted into their
home for continuous mobile assistance and the ptiere of accidents. The sensors will
provide information to system that takes decisiomgarding what assistance needs to be
provided.

ACTUATOR
An actuator is a type of motor for moving or coliingg a mechanism or system such
as window or door openers require actuators to ki the task. An actuator is the
mechanism by which an agent acts upon an environmen
ASSISTIVE TECHNOLOGY (AT)
AT consists of the use of devices to aid peopltheir daily lives. “As an umbrella
term for any device or system that allows an irdiial to perform a task they would
otherwise be unable to do or increases the easesafiety with which the task can be

performed.” (Cowan & Turner-Smith 1999)

CONTROLLERS
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Controllers make choices based on programmed auridsoccurrences. Controllers
are microprocessors often built-in with sensorsatdators. They receive and process values
from the sensor or other controllers. For instatiee controller of a thermometer can be
programmed to submit a message to switch off teett heating when the temperature
exceeds 22 degrees. This message is received the#tmg controller, which will start the
actuator. If on a hot day the temperature exce8ddefrees, a message can be submitted to
the window opener to open the window.

ENVIRONMENTAL CONTROLS

An environmental control is specific kind of coriteo. They allow the owner to have
access control over simple devices or more contglicane within a smart house, such as
door opener or a more complicated one such athperature inside a room. For example,
can be a combination of the air condition, thedsimand the indoor air devices to control for
efficient the indoor temperature.

INFORMATION & COMMUNICATION TECHNOLOGIES

The technologies linked to the transmission, repovef information and the
electronic storage of such information. Recovenjindbrmation transmitted and storage of
this information is typically the function of a cepmter system, such as the computer
networks.

ELECTRONIC ASSISTIVE TECHNOLOGY (EAT)

This category contains any supportive technologt th electronic. Although, the
term EAT recently has been used to represent eléctdevices that support disabled people
in a smart home environment.

MICROPROCESSOR

The microprocessor is the heart of any normal cderpwhich is a series of complex
electronic circuits on a silicon chip. These caoyt the calculations for any electronic
product, from timers and calculators to large corepgaystems.

NETWORK

The network ighe transmitter of the signals in the system. iflest used transmitters
are signal cable (twisted pair), strong currentiegpower line), radio signals (RF) and to
some extent lights (optical fibers).

OPTICAL FIBER (or FIBER OPTIC)
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An optical fiber is a flexible, transparent fiberade of a pure glass that instead of
using electrical signals for transmit the dataeffouse light. This allows huge amounts of
data to be transmitted through a relatively narmatble. Telephone and cable television
systems use optical fibers for transmission butvednthis signal to more conventional
electrical signals in the home or workplace.

PASSIVE INFRARED SENSOR (PIR)

The passive infrared sensor is a special catedagrsors. PIR is the visual view of
a computer. PIR sensors are often used in the rootish of PIR-based motion detectors,
which can be used to detect movement within a rdtmough temperature, such as when an
infrared source with one temperature, for examp& dwner, passes in front of an infrared
source with another temperature, such as a waltls Ban also trigger devices on detection of
a presence.

DIGITAL SIGNAL PROCESSOR (DSP)

DPS is a specialized microprocessor with an archite optimized for the fast
operational needs of digital signal processing.

BLUE TOOTH

Bluetooth technology is a set of protocols for tesign of systems that allow radio
frequency control over the system. Bluetooth ersabivices to be connected together within
a short distance (ideal for home automation). Aispnt this technology is still in its infancy
but is most likely to become the leader of netwanka smart home system.

SMART CARDS

Cards similar in size and shape to a credit catdnuitih a microprocessor embedded
in them. Smart cards can contain data about treopedhey belong to, such as the name, the
address or more important information such as tseiical background of the owner. This
information can be scanned either by inserting thiera machine or remotely over short
distance.

MOBILE
Mobility is becoming increasingly important in honaavironments, as wireless
technologies for smart home solutions are emerdiigeless broadband has become main
stream and multimedia consumption over home netsvisrkncreasing.

GUI (Graphical User Interface)

GUI is the graphical user interface of an electtatgvice conveys their intentions to
the device and receives feedback. On a computezxf@ample the user types on a keyboard
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and points and clicks with a mouse and receivedbfgek from this on the screen of the
monitor.
UPS (Uninterrupted Power Supply)

The emergency power unit which must serve the akntnit long enough for the
residents to communicate or to escape. As thereesaral ways to utilize emergency power,
the choice must be made for each installation.

7.4 Smart Home Devices

X10, KNX, Insteon, ZigBee and Z-Wave just provitie technology for smart home
communication. Manufacturers have made alliancés these systems to create the products
that use the technology. Here are some examples@aft home products and their functions.

Smart Cameras

Smart Cameras helps provide a secure and safeoement by supplying complete
video surveillance of the space inside and arohmedstnart home. Software management of
the cameras allows for features such as motiorctiete image processing, and control of
other smart home devices based on image analysis.

Ultrasonic Location Tracking

Ultrasonic location tracking is sensors that detectvement, location, and orientation
of the resident. Ultrasonic transceivers are ifedabn the ceiling corners of each room. The
resident has to wear a vest or having a smartwahdhim/her, on which there are ultrasonic
tags that, using triangulation, can detect thetionaf the resident.

Smart Floor

Smart floor detects falls, record daily activitaesd reports to emergency services. It a
combination of ultrasonic location tracking and firessure sensors that are embedded into
each tiles of the raised floor used in the house.

Smart Front Door

Smart front door is a RFID tag for keyless entryHpme owners and authorized
personnel. RFID works on the same principle as statgvision remote controls, sending
pulses of radio frequency energy on a particulaquency. With a RFID Key tag close to
controller, it provides automated check-in or cheok procedures for access control
application, while capturing the information in rdame. Many technologies are included
such as microphones, cameras, text LCD, automatic opener, electric latch and speakers
for homeowner communication and control of homeyetat visitors.

Smart Displays
Smart displays are commonly used all around thetsnaene environment. Displays

are used to communicate with the resident thromghtaractive screen. One example of such
a display can be an interactive regular TV monitor.
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Control Room

Control room is the most important room of a snatise. All the smart house’s
equipments are here. For example, one control rowey contains, 2 workstations for
developers to work on, 1 home computer where thartshouse applications are running,
amplifier, audio/video switch, and many other tools

Heating Control System

Heating control system integrates an intelligenatimg system. It can combines
ventilation system, air conditioning, solar pamngdtem and gas and electric fire systems to
help reduce costs of heating. All the devices caadressed and controlled also from a click
of a button on a smart phone or a control pangbirr home.

Smart Blinds

Smart blinds are an automatic control system thraegnote and motorized blinds.
When there is light from the sun the blinds autdcadly open to let sun light enter the house
or when the night falls the blinds automaticallgsd to protect the privacy of the owner. The
first occasion is a form of energy saving usingshmrt blinds.

Smart Phone

Smart phone can act as a remote control to allisapy@s and media players. Also,
acts as a smart home agent while owner is away ftfemhouse (to convey reminders,
notification, etc.). Mobile telephones are one eglenof smart phones that can be used for
these actions.

Smart Clothes

Another name for the smart clothes can be inteliggomedical clothes (IBC), a
combination of functional clothes and integratedcebnics. Smart clothes are able to
continuously monitor vital signs of the citizen, keadiagnosis and trend detection and react
on it (therapy recommendations). Intelligent clastlmave integrated wireless technology to
link to user feedback devices and if necessarydtepsional medical centers.

Smart Bedroom

Smart Closet

Smart Closet it can make clothing suggestions basedutdoor weather. RFID
readers are installed into the closet to read ¢éagsedded in the clothes. The resident will be
notified in case he/she wears clothes unsuitablthéocurrent weather.
Smart Bed

Smart bed can monitors vital signs during sleepecpgnize problems of sleepless

and record sleep patterns. Caregivers can know fhendata saved by the bed if there is any
possible health problem that the resident is hasliming sleep.
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Smart Toilet
Smart Bathtub

Smart bathtub can regulates the water temperatagerstand the user actions and
prevents scalding. It can even know who's in théhtbh and from previous records to
accordingly regulate the temperature based ondrigiteference.
Smart Mirror

Smart mirror is another example of a smart screégplal, with a main specificity. It
is a display device only visible when needed. Faanaple, it can be used for displaying
important messages or reminders.
Smart Toilet

Smart toilets can monitor the occupant's biomefcgly weight, temperature, etc.),
toilet paper sensor, and flush detector in conjoncivith the smart soap dispenser and also
monitors cleanliness of occupants and reportsriacgecenter when refills are required.
Smart Kitchen
Smart Wave

Smart wave on the appropriate monitor using thealsgrs in the kitchen, the
microwave will start cooking, when food is readye tresident will be notified on the display
too.
Smart Refrigerator

Smart refrigerator that can monitors food availgbilknd consumption, detects
expired food items, creates shopping lists autaralyi with integrated meal preparation
advisor based on items in refrigerator and pantry.
Smart Fire Alarm Protection

Smart fire alarm protection system that detectskenand by use the speaker in the
house the residents will be notified for an emecgesituation. The monitor will show the

place, the smoke has been detected.

Smart Laundry Room

Smart Laundry
Smart laundry can be combined with the Smart Closwsifies the home owner when

to do laundry and helps sort the laundry. It miglsto give warning if white and colored
clothes are put together.
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Figure 16 : Smart home model

7.5 Examples of smart home devices already in use

All the technologies are currently used or it Wil use in the near future. The most of
these technologies are already used in experimejgqgb. Also many technologies are already
used in everyday houses. In this chapter, weintilbduce some smart home technologies
that are already in use in smart home environmieat fets you build your own control
system.

Electrical Outlet

The SafePlug 1203 electrical outlet is developed2B2C SafePlug, a company
founded in 1999 on Canada. It is an electricabuative electrical outlet which installs into a
standard 120V outlet and can provides power enargnitoring, line voltage monitoring,
On/ off controllers, appliance tracking and pratattagainst fires and load device damage
caused by overloads and abnormal line voltage.
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Figure 17 : SafePlug 1203

Simple Contact Door/Window Sensors

Simple contact sensor is developed by AlertMe addkhpany that provides easy to
use and affordable Smart Home Energy Managementc8er This wireless contact sensor
fits to domestic windows and doors. It is a twotghlasign comprising a compact magnet and
a sensitive magnetic reed switch. The reed switihhouses the battery, indicator LED, low-
power micro-controller and ZigBee radio. It repmtatus every two minutes and opening and
closing events as they occur.

Figure 18 : Simple Contact Sensors

Smart locks

Smart door locks are enables to wirelessly comnati@ievith other devices in the
home. This allows homeowners to monitor and cortineir door locks using their home
automation system. The lock offers true remoteilagland unlocking features. The lock can
also allow you to check door lock status through mobile phone and automatically arm and
disarm your security system.

Figure 19 : Smart lockers
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Control device

The Q53 is a full qualified ZigBee to IP gatewayide which allows Web Service
applications to access ZigBee Network devices angdeive information from ZigBee end
nodes through standard TCP/IP based networks.

Figure 20 : Q53 ZigBee IP Gateway

4 Zones Thermostats

Programmable four zone thermostats are used tdategine air temperature of four
separate zones during the day by controlling hgaténtilation-air conditioning (HVAC)
equipment. The air temperature is monitored byuthigs temperature sensor.

The Thermostats may operate as standalone dewicbs,controlled via other C-Bus
devices such as wall switches or touch screens.

Figure 21 : 4 Zones Thermostats
Wireless Network Camera
The Wireless Network camera allows you to remotabnitor your home allowing
you to stay in touch and in control. You can viéve lvideo through a security connection

through the internet or any mobile devices.
Includes: one IP Wireless Color Camera, mountiragket, and A/C power adapter

Figure 22 : Wireless Camera
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Multi Audio Room

The multi audio room will distribute a single steraudio source to C-Bus audio
amplifiers via a digitized signal over cable. Thgstem does not require any C-Bus
programming; it needs only the specific hardwarsteay. The devices needed its only one
stereo analog audio source input and one digita@icawutput. The other devices will
communicate through the audio system. Such deviaesbe speakers, amplifiers, matrix
switcher and more control devices.
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Figure 23 : Multi Audio Room

Interactive Smart Fridge

The fridge displays a menu from which you may cleoatat to cook. It lists all the
necessary ingredients and provides simple stepepyisstructions of cooking. The idea is to
give you a fridge that is intelligent enough to @mnp with a healthy recipe, depending on
what you stock in it. Using a electrochromic windamd a touch sensor to transform the door
into an interface. Full wireless connectivity allothe streaming of web based cooking and
services. Also, scanner units and chemical read#inshighly sensitive scale, to analyze and
weigh each plate of food before and after the mimakccurately track the user diet and
calorie intake. Furthermore, shelves that feeldlad smooth are actually made up of millions
of nano tiles. These allow the fridge to move f@odund, insuring food that needs to be used
is moved to the front of each shelf. A fridge bé tfuture that tells you what to cook with
your leftovers and automatically re-orders fresbdfcs already designed in the UK.
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Omnce the door closes it becomes a touch interface

Interface Menu

f

Scanner units and
chemical readers

Figure 24 : Smart fridge

Indoor Light Level Sensor

The 180 Degree Indoor Light Level Sensor is an inmit that measures ambient
light levels and automatically issues ON, OFF, amp commands over a C-Bus network.
The light-level sensor can control relays, dimmerspower link breakers, changing their
status according to pre-set ambient lighting levels

Figure 25 : Indoor light level sensor

Smart Phone Fall Detector

Many new smart phones such as iPhones, can beassdl sensor to detect falling
automatically with suitable algorithms. Fall sensgain can be used to create applications
that automatically provide fall monitoring and #@tededicated caring personnel if the person
does not recover from the fall in set time framalld-are detected by using information from
the build-in accelerometer. You could think the laggion as an “emergency button” that is
automatically activated when you have felled and woe not standing up in certain time
frame. This gives persons more confidence sincg dgbkethe knowledge they are not alone if
something happened and medical help will be comingn needed.
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Figure 26 : Smart Phone fall detector
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CHAPTER 8

Multi-agent interactive environment

| have completed the first phase of my projectfrem now on | enter in the second
phase, which is to design the architecture of th#iragent system and to program the agents
in the JADE platform. The system should assessteal-time, the current progress of
individual by tracking user’s life, sending appriepe feedback and give appropriate
instructions for correct actions. By collectinganhation continuously, the environment can
make presumptions about strengths and weaknesse afser, health problems that may
face and react appropriately.

Through the designing part, | design an agent-bametitecture following the
TROPOS Methodology ("An Agent Oriented Software Eepment Methodology“)thus
allowing for a deeper understanding of the envirentwhere the agents must operate as well
as help designing the key interactions that shawdur between different agents (ACL
Messages, goals, actions eM30, | constructed key sequence diagrams repriegent
important interactions amongst agents for bettetetstanding the kind of ACL Messages
that every agent will send and the contents ofetimesssages.

Through the programming part, | choose JADE as dti+agent development
platform to implement the multi-agent system. Thaminology of JADE is: “Java Agent
DEvelopment Framework”, and is a software frameworklevelop agent-based applications
in compliance with the FIPA specifications for irtperable intelligent multi-agent systems”.

[9]

Before we started working on our Intelligent Systémad to understand some basic
features, such as: what are agents, what kind daf MEssages we can use, what are yellow
page and how an agent registers/de-registers higag, what is a GUIs platform, as well as
more complex features including protocols and aasteof ACL Messages (setContent,
setPerformative, setConversayionld etc.), complexhaliours (CyclicBehaviour,
OneShotBehaviour etc.). All these features are detlumented in two books that became
our main sources of information and were a hugp tiebughout my internship:

e “Developing Multi-Agent Systems with JADE”
o “The Art of Agent-Oriented Modeling”

In short, during this internship, my role was teide a Multi-Agent architecture and
implement the real-time agents essential for thestraction of an Intelligent Multi-Agent
System. Furthermore, | had also been actively itapdid in conceiving key tasks regarding
database connectivity and user modelling.

8.1 Project Objectives
The main objective of this part of my thesis, asave already mentioned is the

implementation of real-time Multi-Agent system eugd for the construction of the
“intelligent” part of the Intelligent System (ISfhe two sub goals behind the main objective
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are: (1) designing the architecture of Mult-agent system (MAS) followed by (2)
implementing our agents inside Mult-Agent platform.

8.1.1 - Designinghe architecture of MAS

For figuring out how to design the artecture of intelligent MultiAgent system, |
started by studying the classical example of a i-Agent System,important for the
understanding of agebiased applications with JADE, called the “Buyer &adler” example
| tried to inquire and analyze ent actions step by step and then design the aothite by
using an agenteriented software engineeri methodology called TROPOS. Tt
methodology has a tool that comes plugdin in Eclipse called TAOM4E. Afr mastering
this example, | hatb apply he same principles in bdihg the architecture for our intellige
system Below we can sehow the TROPOS methodology of Buy&eller ager looks in
TAOMA4E environment.

Figure 27 :Examplef TROPOS methodology betweBuyerSeller agents, TAOM4
environment

In this figure, we can see the goal dependenciee(y between agents (red). 7
buyer agent “depends” on seller agent to achieeegthal “sell a book” and seller age
“depends” on buyer agent to achievigoal “buy a book”. Basically, an agent depends
another agent to accomplish a task that it neefisdproceeding with the next series of te
it has to do.

The main goals that a seller agent must achievehardollowing: Firstly, he mu
register inthe yellow pages. he yellow pages service in JADE is in accordancin wthe
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FIPA Agent Management specification is providedalgpecialized agent called the Directory
facilitator agent (DF). Yellow pages service praddy the JADE platform allows any agent
to register (publish) services and search for (Wisg services offered by other agents.
Registrations, deregistration, modifications ararclees can be performed at any time during
an agent’s lifetime. The implementation of this mgde is done in JAVA. We add books with
a JPanel class, providing general-purpose contaiioerightweight components. After that
we can update the buyer’s catalogue with the ieguttook and send a message to the buyer
agent to propose offers and prices. When the bagents receive a purchase order, they
process it and remove the requested book from tagilogue.

On the other hand, each buyer agent receivesttaetithe book that wants to buy.
He must search for the list of seller agents in Yielow pages. When an agent wants to
search for services in yellow pages, he must peothé DF with a template description. The
result of the searching procedure is a list oftldé descriptions that match the provided
template. If more than one seller agents providegaest to the buyer agent, the buyer agent
will only accept the best one (lowest price). Havlmought the target book the buyer agent
terminates.

After finishing the development of TROPOS methodglaising this example, | had
the skills to assist in the designing of IS arattitee. Obviously, the buyer and seller agent
will be replaced by Tutor and Learner agents ad a®lother agents having to do with
identification and assisting the user.

8.1.2 - Implementing MAS for the Intelligent System

After analyzing and understanding the goals andedégncies involved in the
construction of the architecture of our system,cae continue in order to accomplish the
second goal: implement multi-agents and goals iDBAFirstly, | had to get familiar with the
JADE language: Learning how to create an agentpdmg the agent, running it on the
platform with specific argument to execute behasgaar terminating the agent. Also, | had to
be aware of many issues about agent communicatidrad to get familiar with ACL
Messages and the different kinds of ACL MessagasdRist. One key aspect | had to find
out was how to send, receive and select specifgsages with given characteristics from the
message queue. Another big chapter to tackle widlk the Yellow Pages (YP). More
specifically, | had to learn how to register, pabliand search in the YP for other agents
which is a very important aspect in building a Ntalgent system.

Furthermore, | also had to familiarize myself wgpecific task-related tools. To
summarize, | had to become familiar with the platfe complete, and complex, graphical
user interface (GUI). The GUI lets you to interadth the agents on your computer, as well
as on other computers, using a graphical intenfate buttons and symbols, which is easier
to use than having to memorize many complicatedncanas and typing them correctly. The
agent platform provides GUI for remote managinghnitasing and controlling the status of
agents, allowing, for example, to stop and restgents as well as monitoring tools, such as a
sniffer agent, analyzing and intercepting commuiiocg and messages exchanged between
agents.
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8.2 Introduction to JADE language

8.2.1 Structure of JADE language

Here is a list of all attributes of a Jade ACL nages As described in the API
documentation, Jade provides get and set methoaiscess all the attributes. We put in bold
the ones we use most.

Performative - FIPA message type (INFORM, QUERY(PSE, ...)
Addressing

Receiver

Sender (initialized automatically)

Content - This is the main content of the message
ConversationID - Used to link messages in sameearsation
Language - Specifies which language is used icoméent
Ontology - Specifies which ontology is used in toatent
Protocol - Specifies the protocol

ReplyWith - Another field to help distinguish answe
InReplyTo - Sender uses to help distinguish answers
ReplyBy - Used to set a time limit on an answer

When you create a message, you have to indicatgpis it is performative in ACL
and set the content. An example of this is showovioe

ACLMessage msg = new ACLMessage( ACLMessagéORM );
msg.setContent("AskForNextStep" );

Our message uses the most common performative: RMF@hereby one agent
gives some useful information. Other types are: QYEo ask a question, REQUEST to ask
the other to do something and PROPOSE to startabvang. Performatives for answers
include AGREE or REFUSE.

8.2.2 Sending and receiving messages

Then, assuming you have an Agent ID (AID) for theipient, sending a message is
fairly easy (we will show how to get AIDs latertims section):

AID test= ..,
msg.addReceiver( test );
send(msgQ);

Note: We use addReceiver because there is no steemethod.... One reason is
that we can add several receivers to the messabiamne send broadcasts it to all of them.
Messages are routed to wherever the destinationt agsides and are placed in its
message queue. There are 2 basic ways for theveecéd get its messages. By
using blockingReceive(), the receiving agent sudpetil its activities until a message arrives:

ACLMessage msg = blockingReceive();

The second method, with receive(), examines thesagesqueue, returning a message
if there is one or null otherwise. This is the nafiechnique used when an agent is involved
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in parallel activities and has multiple active Bebars. In our code we use this second
method because we have many messages and isteaetrol them.

ACLMessage msg = receive();
if (msg !'= null)
<.... handle message...>
else
<... do something else like block() ...>

These methods have variants with additional argisném alter their behaviour.
With receive(), since the method never blocks, difig selector pattern argument makes
sense. Below we show the code for Receiver.javalwprints out copies of all messages
received.

public class Receiver extends Agent

{

protected void setup()

{

addBehaviour(new CyclicBehavioug}th
public void action()

ACLMessage msg= receive();
if (msg!=null)

System.out.printin(™ +
myAgent.getLocalNgine " <- " +
msg.getContent() );

block();

}
D
}
}

Note the use of block() without a timeout. Thisgtiie behaviour on hold until the
next message is received.

Note that, if you don't call block(), your behaviaull stay active and cause a LOOP.
Generally all action methods should end with a dallblock() or invoke it before
doing return.

Also, here we sneaked in a new type of behavidwer QyclicBehaviour, which stays
active as long as its agent is alive. This is dyaghat we need to handle message reception
and many of the examples in this section will use behaviour. Actually, we could easily
achieve the same effect by providing a done methbith always returns false which is
exactly how CyclicBehaviour operates but by usiyglicBehaviour, we don't need to
specify done.
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8.2.3 Answering messages

All messages have an attribute which contains thefl the sender. Thus, we can
answer a message as follows:

ACLMessage msg = receive();

ACLMessage reply = new ACLMessage( ACLMessage.INMOR
reply.setContent( "AskForNextStep" );

reply.addReceiver( msg.getSender() );

send(reply);

To simplify answering, Jade provides a method eReply() which creates a new
message with the sender and receiver attributestsyd and all other attributes set correctly.
Generally, only the content and performative havéré modified before sending it back.
Below, we show the action method, a modified Resreagent which answers all messages
with a "NextStep™:

public void action()

ACLMessage msg = receive();
if (msg!=null) {
System.out.printin( " LocalNaBseler" + myAgent.getLocalName() +
"ContentMessage" + msg.get€oif) );
ACLMessage reply = msg.creafdiRg
reply.setPerformative( ACLMegsaNFORM );
reply.setContent(" NextStep" );
reply.send();

}
block();
}

In this example, there isn't much advantage togusiaateReply, the real benefits
apply in applications when other attributes likewersationlD or ontology have to
correspond to the original message.

8.2.4 Finding messages to talk to

Now, we return to the problem of how to locate othgents and obtain their AIDs so
that we can send them messages. We have alreauyhetavhen we receive messages, we
can obtain the AID of sender, with createReplywsodon't even need the sender's ID.

There are three ways to get agent IDs. The firstisrusing JADE's GUI interface to
create agents and send them messages. The seaisl uging a directory entry in the DF
(yellow pages service) to find agents which provi@eded services. We will use this way to
discover new agents. The last way is to use AMSE(Advianagement Service) which keep
the IDs of all active agents. We will use the th&dhnique in our programs.
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8.2.5 Searching the AMS

The parameters to search include: 1) the searctaggnt (this), 2) an
AgentDescription which could be used filter ageartd 3) contraints on the number of agents
returned (-1 means ALL). To extract the AID fromesle descriptors we have to use
something like agents[i].getName(). Here is theplaghich uses another getName(), to
extract printable names from the AID. We also coraphe AIDs to our own so that we can
detect other agents. Note the use of equals ndt "==

AID myID = getAlD();
for (int i=0; i<agents.length;i++)

AID agentID = agents[i].getName();
System.out.printin("Agent ID: "+ i + ™+ agentlD.getName() );
}

8.2.6 Templates for Selective reception

In our examples so far, we've used behaviours molbaall the messages sent to our
agent. Often we would like to filter message artdupedistinct behaviour to handle messages
from various agents or various kinds of messagesdd this, JADE provides message
templates and a receive method which takes a téenpls. a parameter and only returns
messages matching that template. This is describedetail in section 3.3.4 of the
Programmer's Guide.

More exactly, the MessageTemplate class providgg shethods to create filters for
each attribute of the ACLMessage. Further methodiswaelementary patterns to be
combined with AND, OR and NOT operators. The coeguired to build these matching
expression seems complicated at first but with yme will realize that, even though the
expressions are quite long winded, the code i ihple. Here the methods we have found
most useful:

e MatchPerformative( performative ) where performatould be:
0 ACLMessage.INFORM
0 ACLMessage.PROPOSE
0 ACLMessage. AGREE
...etc
e MatchSender( AID )
e MatchConversationID( String ):

This is really useful when having parallel negadias with several other agents.
Basically, you create a unique string (Convers#dro identify a string of messages and
replies between 2 agents. Then you setup behafooeach negotiation which only responds
to messages with that particular ConversationiD.

Here is how to set up a template for INFORM messdigen agent "UserAgeny"”

MessageTemplate mt =
MessageTemplate.and(
MessageTemplate.MatchPerformative( A@skage.INFORM ),
MessageTemplate.MatchSender( new AUxEerAgent”,
AID.ISLOCALNAME)));
ACLMessage msg = receive( mt);
if (msg !'=null) { ... handle message }
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8.2.7 Registration

To register with the DF, we use a DFD (DFAgentDggian) with a name
(here name means Agent ID). The register methodines) 2 parameters: a reference to the
agent doing the registration and one to the DFD.al¥e need to catch possible exceptions
like an incorrect DFD or duplicate entries.

import jade.domain.DFService;
import jade.domain.FIPAAgentManagement.*;
import jade.domain.FIPAException;

DFAgentDescription dfd = new DFAgentDestiap();
dfd.setName( getAlD() );

try {
DFService.register( this, dfd );
}

catch (FIPAException fe) {
fe.printStackTrace();
}

This doesn't specify anything about the agent; fbat it is available. Our next
example is more realsitic: here the agent wantedgister as a UserAgent. There are many
ways to do this and the conventions used must bevikrio other participating agents. In our
example, we add a service description with Typestdgent”. We also need to specify a
name for the service because all service desaniptiequire a name. Commonly, we use the
agent's local name. Here's how to do it:

DFAgentDescription dfd = new DFAgentDestiap();
dfd.setName( getAlD() );

ServiceDescription sd = new ServiceDesiomg);
sd.setType( "UserAgent" );

sd.setName( getLocalName() );
dfd.addServices(sd);

try {
DFService.register(this, dfd );
}

catch (FIPAException fe) { fe.printStackTed); }

8.2.8 Deregistering

When an agent terminates, it is good practice tetelets entry in the DF. Although
agent entries are removed automatically from theSAvhen an agent dies, the system does
not remove them from the DF and it is up to thegmmer to do it explicitely. This is
important because each agent is allowed only ONEy ém the DF, attempts to register an
agent already in the DF gives an exception.

The usual way to deregister is in a method with tizene takeDown(). JADE
calls takeDown method automatically when the agerd. Here is a typical example:
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protected void takeDown()

{
try { DFService.deregister(this); }
catch (Exception e) {}

}

8.2.9 Searching the DF

To search the DF, you must create a DFD (with rid)Alhere the relevant fields are
initialised to the properties you require. The shkareturns an array of DFDs (with AIDS)
whose attributes match your description and youedract the ID of suitable agents from
those entries. Generally, you either want to find agent with the services you need or all of
them. By default, the search returns an array wisigither empty or contains a single DFD
and to get more, you must add a third parametarce€onstraints where you specify the
max number of replies (-1 means ALL).

DFAgentDescription dfd = new DFAgentbestion();
ServiceDescription sd = new Servicaltipsion();
sd.setType( "UserAgent" );

dfd.addServices(sd);

DFAgentDescription[] result = DFServimearch(this, dfd);
System.out.printin( result.length +eSults" );

if (result.length>0)
System.out.printin(" " + resulti@tName() );
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CHAPTER 9

Work Environment

This section will detail the tools and the techgyds that we have used in order to
begin constructing the Intelligent System (IS). AAlsve will try to give a more detailed
explanation about the goals and the basic actibtiseosystem. In contrast to next sections,
we will explain some of these tools and technolediemore depth and speak shortly about
the action of every module of our intelligent syste

This section will cover the following tools and beologies:

9.1- Overall IS structure
9.2- TROPOS methodology
9.3- GUI platform

9.4- JADE language
9.5-Explanation on the code
9.6 - Exchanged messages
9.7- XML files handling

9.1 - Overall Intelligent System structure

During my thesis we achieved to complete the mastspof an Intelligence System (IS).
Our IS consists of six different agents:

e The Interface : the relay-point between all agents
e The Doctor: the agent that knows htwassist
o The Expert: the agent that knows what action ise@one(contains a description of

the health background or the behaviours of theviddal that represent expertise in
the subject-matter domain of the intelligent systessisting).

¢ The User : the agent that represents the user

The Database : the agent responsible for conngctsgues with the database

The Interface agent provides the means for thdlijgat System to interact with the user
by sending interactive feedback. When the Interfagent receives a message, it sends a
message to the Doctor agent asking which will leertéixt step. In an intelligent system, the
Doctor agent must be one of the most intelliger@nég) The Doctor agent takes corrective
action, such as providing feedback or appropriatisgistance. To be able to do this, the
intelligent system needs information about what tan&éin doctor would do in similar
situations. In our system, these intelligent decisiare given to our system by us in advance.
They are not yet dynamic. They consist of a safe'df-else” actions for the moment being.
Then the Doctor agent will interact with the Expagent after agreeing on the next steps to
follow. The Expert agent references to an expedaynain model, which feedback will help
the Doctor agent take intelligent and correct dens The User agent uses a user model, a
different user model for each individual, containihetails such as user's id, health problems
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or behaviours, including also old health vital sigiata or health problems of the user who
enters the house. The database agent uses alstalzasta model that contains model
description (name, location) and the text file (XMbcument) which exists in the database.
Below is the figure of a sequenced diagram of it theoretical scenario that we completed
in our project.
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Figure 28:Sequenced diagram of the first scenario

In this sequenced diagram, we are representing@aso of a user that enters the
house and the reactions of our systems. We cathssethings: The agents of our system at
the top of the diagram, the sender and the receidestination of a message pointed by an
arrow and the message attributes (inside parestegsiFileName) and values (ex. NextStep)
written in the upper part of every arrow destinatibhis Next Step text that we can see in the
previous diagram consists of a series of quesiicalted steps) that the system must provide
to the user on each running circle. The reasordésigning this sequence diagram was to
understand better the sender and the receivenatien messages so that the implementation
would be clearer. This diagram represents only smamario out of the many possible ones
that we can have.
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9.2 - TROPOS methodology

TROPOS methodology (An Agent Oriented Software Dmw@ent Methodology) is
a methodology based on goal dependency, a visudelimy tool for object-oriented
analysis/design. Before we decided on using TROR®@®odology, we read and discussed
about other methodologies until we understood TROPOS would be the most suitable for
our needs. One of the alternative methodologies We checked in detail was entitled
“Prometheus methodology”.

After comparing these two methodologies, we prefirrto use TROPOS
methodology because it provides an early requirésnprocess that goes beyond what is
provided by Prometheus. TROPOS gives a detailedynled early, late and architectural
requirements, which Prometheus doesn'’t. In factDIPRS covers the entire life cycle of an
agent development project. On the other hand Plmustprovides a more detailed design
process but nothing more. This is also a positseat for us because that makes TROPOS
easier to be learned and used. Furthermore, Preoetiffers only a diagram editor tool that
does not go beyond the stage of design.

The diagram of TROPOS methodology was developed AOMA4E, a tool for
working TROPOS methodology in Eclipse. The firsagteam which we can see in figure
below shows us all the goals of the Intelligentt8yscalled “Smart Home”. We can see that
our system has three MAIN goals: Model the usegniifly user condition and record the
progress of the user. Modeling the user is an itapbpart of our system because it is vital to
“represent” the user both in terms of his or heatitiieas well as his or her emotional state.

Figure 29:Goals of ITS system, in TROPOS methodolog
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The second diagram shows the first goal-scenarauofTS (Model learner) in more
details. We can see all the agents, their actiengedl as their dependencies. Below each box
we can see the order that each action will be g¢gdcin my project | tried to accomplish this
first goal.

Goal 1: Model User

Figure 30:Early requirement of goal 1, in TROPOShudology

9.3 - GUI platform

Graphical User Interface (GUI) is an agent platfoumich provides the interface
where our agents will live. With a start-up of ageat GUI platform, three main agents are
launched. These three agents are included in thiep&itform and are called AMS (Agent
Management System), RMA (Remote Monitoring Agemy €DF (Directory Facilitator)
agents. Each agent has specific roles and resjldresb Figure 6 shows the three main
agents living in the main container (Main-Contajnas well as an interface agent which |
have launched from the command line using batek.fil
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Figure 31: GUI platform

The AMS agent ensures that each agent in the piatftas a unigue name and
provides supervisory control over access to andofishe Agent Platform. Only one AMS
will exist in a single platform. The AMS providdsetmain functionalities and architectures of
the system and the life-cycle services, maintaigirtirectory of Agent Identifiers (AID) and
agent state. JADE agent tables use AID to recoedtagames and addresses. Each agent must
register with an AMS in order to get a valid AID.

The RMA agent is capable of controlling the lifecley of the agent platform and of
all the active agents inside the platform. Theritisted architecture of JADE allows also
remote controlling, where the GUI is used to cdnthe execution of agents and their life
cycle from a remote host.

The DF agent provides Yellow Pages service by me&mgich an agent can search
for other registered agents in YP and provide theises he requires in order to accomplish
his goals. By using GUI, the user can interact wita DF by searching descriptions of
registered agents and modify the description okgistered agent. The GUI allows the
creation of a complex network of agents. In orderun the GUI platform we must launch it
inside the command line. In the figure below we saa the command that we used to launch
the GUIL.
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I o .
=8 Command Prompt - java jade.Boot -gui

Microsoft Windows [Uewsion 6.1.76811
Copyright (c?> 288% Microsoft Corporation. All rights reserved.

C:\UserssManos>java jade.Boot —gui

Sep 15, 2811 5:15:43 PH jade.core.Runtime heginContainer

INFO:
This is JADE snapshot — wevision 6357 of 2818-87/86 16:27:34
downloaded in Open Source, wnder LGPL restrictions,
at http:-~/-jade.tilab.com/

Retrieving CommandDispatcher for platform null

Sep 15, 20011 5:15%:43 PH jade.imtp.leap.LEAPIMTPManager initialize
INFO: Listening for intra—platform commands on address:

— jicp:sss192.168.18.1:189%9

Sep 15, 2011 5:15:43 PM jade.core.BaseService init

INFO: Service jade.core.management._fAgentManagement initialized

Sep 15, 2811 5:15%:43 PM jade.core.BazeService init

INFO: Service jade.core.messaging.Messaging initialized

Sep 15, 2811 5:15:43 PH jade.core.BaseService init

INFO: Service jade.core.mobility.AgentMobility initialized

Sep 15, 2811 5:15%:43 PM jade.core.BaseService init

INFO: Service jade.core.event_MNotification initialized

Sep 15, 2811 5:15%:43 PH jade.core.messzaging.MessagingService clearCachedflice
INFO: Clearing cache

Sep 15, 2011 5:15:43 PM jade.mtp.http HTITPServer {init?

INFO: HTTP-MIF Using XML parser com.sun.org.apache . xerces.internal. jaxp.SAxParse
rImpl5JARPSAXParser

Sep 15, 2011 5:15:43 PM jade.core.messaging.MessagingService boot

INF(O: MIP addresses:

http: - sManos—-PC.lan:7778 acc

Sep 15, 2011 5:15:44 PH jade.core.fgentContainerImpl joinPlatform

INFO:

Agent container Main tainer@192 _168.18.1 i=s ready.

Figure 32: Launched GUI platform

After, we have launched the GUI platform we musinizh our agents using batch
files as we have already have mentioned. In omeurnt an agent from the command line, we
must move firstly to the specific file in which vave saved our agent, which in our occasion
is C:\workspace\ITS. Inside this file we have sag#dur agents. Now, we must choose the
correct agent to launch. In the figure below we sap how we can launch the Interface
Agent.
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8 Command pror - S

C:swworkspace~ITS8>cd C:workspace~ITS

C:wworkspace~ITE>java —classpath .“lib>jade.jar;.xbin“ jade.Boot —container Inte
rface-ITS.Interfacefligent
Sep 15, 26911 5:57:14 PHM jade.core.Runtime beginContainer
INFO:
This is JADE snapshot — revision 6357 of 20180-.87-86 16:27:34
downloaded in Open Source. under LGPL westrictions.
at http:rrjade.tilab.com~

Retrieving CommandDispatcher for platform null

Sep 15, 26811 5:57:14 PM jade.imtp.leap.LEAPIMIPMHanager initializ=e
INF0O: Listening for intra—platform commands on address:

— Jicp:--~1922_.168.18.1:539274

2811 5:57:14 PM jade.core.BaseService init
: Service Jjade.core._.management.AgentManagement initialized
2811 5:57:14 PM jade.core.BaseService init
: Service Jjade.core.messaging.Messaging initialized
2811 5:57:14 PM jade.core.BaseService init
: Service jade.core.mobility_.AgentMobility initialized
2811 5:57:14 PM jade.core.BaseService init
: Service Jjade.core.event.Motification initiali=ed
2811 5:57:14 PM jade.core.messaging.MessagingService clearCachedSlice

Jjade .core .AgentContainerimpl joinFlatform

jade .domain . FIFAAgentManagement .FailureException: <{action ¢ agent—identifier :n
ame df@E19Z2_168._168.1: 1399/JI7IDE taddresses (zeguence http:-ssManos—-PC_.lan:7?7?78-acc
>» {register {(df-agent—des i = { agent—identifier Iname Interface@i92
.168.18.1:16899-JADE  :addre ¢{segquence http: s Manos—PC.lan:=?7?78-acc 2> :tserwvi
ces (scell): Cservice—descripti tname Agents Stype InterfacefAgent???2) already—reqg
istere
Jade .domain . FIPAService.doFipaRequestClient(FIPFAService. java:-172>
Jade .domain . FIPAService.doFipaRequestClient{FIPAService.java:182>
Jjade .domain .DFService .register(DFfervice. java-159>
Jade .domain.DPF8ervice .register(DFfervice. javaz173>
ITS .InterfaceAgent .setupl{Interfacefgent. java:42>
,]'ade.co»e-ngnt$ﬂctiueLil—‘eCycle.init(l’lg’ent.jaua:l‘l‘}ﬂ)
_]ade core-fAigent .run{fgent . java:1436>
Java.lang.-Thread.run<Unknoun Sourcel
Hallo'IntePfaceE192 168.18.1:18292-JADE is ready.
any user 1n"1de the house
any usemr the house
any user i the house
any user i the house
any user i the house
any user i the house
any user the house
any user the house
any user the house
any user i the house
any user i the house
any user the house
any usepr the house
any user the house
any user i the house

Figure 33: Launched Interface Agent

In this figure we can see the command that we usedder to launch the Interface
agent. The agent is building a container insideG@# platform and starts running a loop
command. The agent is waiting a signal from the tsetart the execution of the main part
of the code, so in our occasion the user is gtitside the house and the system is running,
waiting for the user to enter the house. In thisagon the system just print us the message
“No any user inside the house”. When the user snter house a sensor will send a message
to the system and the system will start runningcaBise our system is theoretical and we
don’t have a sensor signal to inform the systemnathe user enters, we build another agent
that will do this job for us. It will send a messag Interface agent in order to get out for the
loop procedure and continue the execution.

When the user enters the house, the Interface ageetves a signal and starts
sending and receiving messages, and data from atjerts. The figure below shows the
Interface agent in action. When the user “Manogéenthe house, the interface agent sends
messages to the Doctor Agent asking for instrustibmecessarily and waits for an answer.
It's the Doctor agent’s responsibility to knowlifet user needs assistance or not.
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house
house
houze
houze
the house

the house

1) Send message asking next instructions
Numher of availahle Doctorfgent: @

2> UWait reply for MextStep

Mo answer from Doctor Agent yet
Mo any uszer inzide the houze
EaRaialalatabakaiaiaiatibatabakaiaioiad
Try Again

lUser enter the house:

UzerID: manos

1) Send message asking next instructions
Mumher of availahle Doctorfgent: @

2> Wait reply for MextStep

Mo anzwer from Doctor Agent yet
Mo any user inside the house
Saiaialaiataiaiaiaiaiabibakitaiaiaiaiad
Try Again

lUzer enter the house:

lUzerID: manos

Send message asking next instructions
of available DoctorfAgent: @

a reply for HextStep
answer from Doctor Agent yet
any uzer inzide the housze

- Jof oot oS- Tof oo oo -
Try Again

lzer enter the house:
UzerID: manos

1> Send messzage asking next instructions
Mumber of available Doctorfigent: @

2> Wait reply for MextStep

Mo anzwer from Doctor Agent yet
Mo any user inside the house
0o 00030 JoE oo ef o oo

Try Again
lUzer enter the house:
lUzerID: manos

1> Send meszage aszking next instructions
MHumber of available Doctorfigent: @

Figure 34 : Interface agent active

After we have launched all our agents inside thd @ldtform, the desktop of our
computer is looks like the figure 22.

In figure 23, we can see the agents living in thet@iners. In every container we can
see our agents: Interface, Doctor, User, Databadd-apert which | have launched from the
command line. Every Agent Platform can have onenn@intainer and many containers in
which multiple agents can live and communicate.r&hs no limit of the number of agents
living in a container.
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o rma@192.168,0.33:1099/JADE - JADE Remote Agent Management m

File Actions Tools Remote Platforms Help

SEEIEEEENE
? -Eh;%gentPIa forms [ name___“_'_f—a'éﬁ?é's's”e's_i' __state |
¢ 192 168.0.33-1099/JADE" iDOI:TOFT:'L‘I‘IEIQ 1. clive !NONE |
¢ @3 Main-Container |
= ams{@192.168.0.33:1099/JADE
dii@192.168.0.33:1099/JADE
& rma@192.168.0.33:1099/JADE
¢ B3 Container-2
Database@182.168.0.33:1088/JADE
E3 Container-3
E Expert@192.168.0.33:1099/JADE
¢ @3 Container-9
& UserSignal@192.168.0.33:1099/JADE
¢ B3 Container-10
Interface@192.166.0.33:1099/JADE
¢ @3 Container-11

-

:1099/JADE  :addy

]
3 flom Dnctoxngent yet
er de the house

the house:

2> Vait reply for NextSt:
o nlﬂgent vet

NFO: S
Sen s jade - core - ing. eruice clearCachedSlice
e the house F

2, 2811 32
INFO: Cleax ing cache
S:l) 22, 2811 32:33 PN jade.core.AgentContainerInpl joinPlatform

-63:10892 /JADE ready.

Thn hest i
INunhe r nf auallahle Dnctn)ﬁgen

ng next Step

Intelfaceﬂi?Z 168 .08.63:1A99/JADE
your

i :
= Computer op 22, 2611 £l inees your nane:
& Local Dk (C) lQlEEN‘I”V NojlSend Learner[D: manos

ge from Doctorfigent
Try fAgain
No message From Doctorfigent

torfAgent

torAgent agents

agents

Agai
No messaye from Doctorfigent
AR M AN

fTry Again
No™ m ge from Doctorfigent any message from agents

ry Again

torfAgent agents

torfgent agents

Flgure 36: All agents launched in our desktop
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9.4 - JADE language

JADE language is an agent-oriented programming uageg. Agent-oriented
programming languages are a new class of prograghlaimguages that focus on taking into
consideration the main characteristics of multirdgeystems. The goal of JADE is to
simplify the development of multi-agent systemsle/ignsuring the agreement with the FIPA
specifications for a complete intelligent multi-agesystem. It is important to specify that
JADE is built on-top of the JAVA language.

In order to start programming in JADE language westfirst import the JADE
classes that we will use into our code. An exangbléhese classes that we will use in our
code can be seen in the figure below.

import jadecoreAgent

import jadecoreAlD;

import jadecorebehaviours;

import jadelangacl ACLMessage

import jadelangaclMessageTemplate

import jadedomainDFService

import jadedomainFIPAException

import jadedomainFIPAAgentManagemerdFAgentDescription
import jadedomainFIPAAgentManagemergerviceDescription

Figure 37 : Importing JADE classes

Firstly, in order to create a JADE agent, it isuiegd to write a subclass of the class
“jade.core.Agent”. That's the reason why we impiortthe £' line the “jade.code.Agent”
class. In the % line, we import “jade.core.AID” class. The ID agefhID) is a list of
agents.Also, JADE provides the class “jade.corabelrs.*” that contains several
subclasses of Behaviour (e.g. OneShotBehaviourjcBghaviour etc.). Theagent actions are
normally specified through Behaviour classes. Aaptltlass that we must import is
“jade.lang.acl”.This package contains the support the FIPA Agent Communication
Language (ACL) including the ACLMessage class andhetper class for representing
templates of ACL messages.MessageTemplate is @rp@it matching incoming ACL
Messages. The last 4 lines from 6-9 are the sex¥areregistering with directory facilitator.

Below, we will give some JADE code examples fronr @ode that they are
commonly used in our program. All agents must adalar actions in the start-up procedure.
They must register in Yellow Pages (YP), they neesirch in YP and in the end of their
executions they must deregister from YP. The way twregister, deregister and search in
YP can be seen in the figures below.

DFAgentDescription dféd-new DFAgentDescriptio();
ServiceDescription sdnew ServiceDescriptiof);
sdsetTypd'InterfaceAgent);

sdsetNamé€'Agents');

dfd.addServicesd);
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try

DFServiceegiste(this, dfd);

}
catch(FIPAException f§
{

}

feprintStackTrac@;

Figure 38 : Register Interface agent in YP

protectedvoidakeDowrg){
/I Printout a dismissal message

try {
DFServicederegiste(this);

}

catch(FIPAException f§
feprintStackTrace;

}

/I Printout a dismissal message
Systenoutprintin(getAlD().getNamé)+" terminating.);

Figure 39 : Deregister from YP

private AID [] searchDFE String servicg{
DFAgentDescription templatenew DFAgentDescriptiof);
ServiceDescription sdnew ServiceDescriptiof);
sdsetTypéservice;
templateaddServicesd);
try {
DFAgentDescriptiofj result= DFServicesearcithis, templatg;
AID[] agentsnew AlD[resultlength;
Systenoutprintin(“numeber: *+resultlength;
for(inti=0; i < resultlength++i){
agentg]=resulfi].getNamé);
Systernoutprintin(i+") numeber: +resultlength+"Agents:
+agent§i].getName));
}

return agents

}

catch(FIPAException f§
feprintStackTrace;

}

returnnull ;

Figure 40 : Searching the YP for the number oftedsagents
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The figures above present some very important éspscagent communication.
Indeed, every agent should always look in the YPthe “existence” of another agent
required for communication or goal achievement.sThi the reason why we use the
DFAgentDescriptiorclass. This class serves as a template to spibafitype” of the agent
we are interesting in, searching the descriptiothefprovided service as well. One example
considering, a buyer agent would be to look in Yreusing a template of a “book-seller”
agent. This type is of course predefined in thdiegion and the seller agent must register
using this type. Once we have the different typescan always look in the YP and every
buyer agent will have the most up-to-date sellemagst.

9.5—- Explanation of the code

For the creation of agents we have to define ss@atending the “jade.core.Agent”
class and to implement the setup() method. Insidesétup method we call a cyclic behaviour
method. Below we give an example of JADE code ftbm Interface agent followed by a
brief explanation.

protectedvoidsetup§){

DFAgentDescription dfésnew DFAgentDescriptiof);
ServiceDescription sdnew ServiceDescriptiof);
sdsetTypé"Interface Agent);

sdsetNamé€'Agents');

dfd.addServicesd);

try {

}
catch(FIPAException f§

fe.printStackTrace;
}

/I Printout a welcome message
Systenoutprintin("Hallo!" +getAlD().getNamé§)+" is ready.;

DFServiceregiste(this, dfd);

addBehavioyinew CyclicBehaviouf){
publicvoid actior(){
// Update the list of Agents
MessageTemplate mhull;
DFAgentDescription templatenew DFAgentDescriptio();
ServiceDescription senew ServiceDescriptiof);
sdsetNamé€'Agents");
templateaddServicesd);
try {
DFAgentDescriptiof] result= DFServicesearciimyAgent templaté;
ITSAgents=new AlD[resultlength;
for(int i =0; i < resultlength++i){
ITSAgentfi]= resulfi].getNamé);
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30 }

31 int step=0;

32 ACLMessage msg myAgentreceivémt);

33 if (msd=null){

34 if (msggetPerformative== ACLMessageREQUEST{
35 Systenoutprintin(*-------- ");

36 UserID= msggetConter;

37 Systenoutprintin(ok™);

38 addBehavio@new AskNextStep));

39 }elsd

40 Systenoutprintin("No message from User"
41 }

42 }elsd

43 Systenoutprintin(*No any user inside homg"

44 IITEST

45 NextStep"'C:\\Users\\Manos\\Desktop\\XMLFiles
46 of ITS\\Instructions.xml!'

47 }

48 }

49 catch(FIPAException f§

50 feprintStackTracg;

51

52 /I Perform the request

53 }

54 )

55 }

Figure 41 : Setup method of the Interface agent

The agent’'s actions are normally specified througbhaviour Classes. The
setup(inethod only creates instances of these behavilinki)g them to the Agent object.

This code describes a sequence where the Intemtperd is waiting for a message to
start sending messages to another agent. The d¢ads with a private class which is
extended as a cyclic behaviour. By using the teyelic behaviour we mean that it will
execute in an infinite loop. In line 33 the Intedaagents wait to receive an ACL message.
The Interface agents wait for a signal from thesseto start sending messages. In line 34 we
check if the message value representing the recepti a message is different than zero.
When we receive a message we must check the mé&ssageents.

Firstly, we check if thgetPerformative@lass is equal to a REQUEST message (line
35) and if this is true then we have received thieect message and we start executing the
code inside the If. Inside the execution, we mdilegetcontent@lass equal to User Id (line
38) and we call a method entitled “AskNextStep”.isTmethod and the actions executed
inside this method, we can see in the figure below.

1 privateclasAskNextStepextendsCyclicBehaviouf
privateMessageTemplate mt
3 privateintstep=0;

N
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publicvoid actior(){
Systenoutprintin(’ ' );
Systenoutprintin(“Try Again");
Systenoutprintin("User enters the housg; "
step=0;
Systenoutprintin("UserlD: "+UserID);
RequestPerformgstep UserlD);

publicvoid RequestPerformént step String Learner|DX

MessageTemplate mhull;// The template to receive replied
switch(step{
case:
/[Activated
Systenoutprintin(--------------------m---- ")
Systenoutprintin("1) Send message asking next
instructiongy
/ISend the request to Doctor agent

ACLMessage requeshew ACLMessag@ACLMessagdNFORM);

DoctorAgentsearchDF'DoctorAgent);
for(int i =0; i < DoctorAgenfiength++i){

requesaddReceivédDoctorAgenti]);
}

requessetPerformativiACLMessageREQUEST);
requessetConversation(dinstruction_File);
requessetConter{tUserlID);
this.sendrequesy,
step=1;

casd.:
/I Receive the purchase order reply
Systenoutprintin("-------------------- "Y;
Systenoutprintin("2) Wait reply for NextStep);
ACLMessage replythis.receivémt);
if (reply '=null ){

/I Purchase order reply received

if (reply.getPerformativ== ACLMessagdNFORM){
I/l Purchase successful. We can terminate
Systenoutprintin("Next Step received from

DoctorAgeny;"
NextStepreply.getConten;

Systeroutprintin("Successfully purchased

from:+reply.getSendd).getName));

Systenoutprintin("NexiSteps== +NextStep;

Systemoutprintin("HHH - y:
step=2;

}

elsqd
Systernoutprintin("Attempt failed’);
break;

}

telsd
(%)
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56 Systenoutprintin("No answer from DoctorAgen);
57 break;
58 }
59 case’
60 /IReceive from Tutor
61 Systenoutprintln(*---------------------m---- "),
62 Systenoutprintin("3) Send message asking for XMLF)p"
63 //Send the request to Expert agent
64 requestnew ACLMessag@ACLMessagdNFORM);
65 ExpertAgentsearchDE ExpertAgent);
66 for(int i =0; i < ExpertAgeniength++i){
67 requesaddReceivdExpertAgenti]);
68 }
69 requessetPerformativiACLMessageREQUEST);
70 requessetConversation(dGet File');
71 requessetConter(FileName);
72 this.sendrequesy,
73 step=3;
74 case:
75 Systenoutprintln(*-------------------- ")
76 Systenoutprintin("4) Wait to sended XMLFilg);
77 reply=this.receivémt);
78 if (reply !=null){
79 /I Purchase order reply received
80 if (reply.getConversationig.equal$'Get_File REQ)Y
81 /I Purchase successful. We can terminate
82 Systenoutprintin("XMLFile received from
83 Expert Agen);"
84 XMLFile=reply.getConter(;
85 Systenoutprintin("Successfully purchased
86 from:+reply.getSendd).getName));
87 Systernoutprintin("XMLFile is located in:"
88  +XMLFile);
89 Systemout.printin("%% %% % %% %% % %% % %% %% %%
90 %%");
91 step=4,
92 doDeleté);
93 telsq
94 Systenoutprintin("Attempt failed?;
95 break;
96 }
97 telsq
98 Systenoutprintin(“No answer from Expert Agent”
99 break;
100 }
101 }
102
103  }

Figure 42 : Main body of Interface Agent sendingd agceiving messages
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This code describes all the steps that the Intertgent will do when he will be
activated. The code starts with a private clas® before, which is extended as a cyclic
behaviour. This is an infinitive loop for the actithat the Interface agent will do in his life.
He will send and receive messages all the timd| th@ user exits the home aria. In this
occasion the Interface agent will receive a messagéop the execution and become inactive
again.

In this method, we call another method entitled d®RestPerformer” with two
arguments. The first is the step argument whidygisal to zero and the second is the user Id
that we have just imported a value in the previmeshod. Inside this new method are all the
procedures that agent must accomplish step byastggend back an interactive feedback.

Inside the “RequestPerformer” method we have acewgbmmand which has many
cases. Every case shows the messages that themgsinsend or receive in the specific
occasion. Other agents send messages to the dataltake information or send messages to
other devices (in our system we don’t have the pgaent), to take data about the user's
condition and to act appropriately if it is necegsa

I will give some explanation about “case 0", wiim#ar way all cases, step by step
taking action. In “case 0" we create a request Alkssage for the Doctor Agent. We call
another method, the “searchDF’ method that wilkrgeanside YP for the Doctor Agent and
will send back the Doctor Agent ID. In line 24 we anake the variable “DoctorAgent” equal
to the return of the method that we call befofdore details about “searchDF” class you can
find in the figure 28. In line 25-27, we have apothat will send request messages to all
Doctor agents that we have already found befolangdor the next instruction. In the next
lines we add the arguments to our ACL request ngessend the request message and go to
step equal to two. Similar action we be executeaihduhe receive messages.

9.6 - Exchanged messages

The table below shows the exchanged messages witéflegent system between our
agents.

Each start ( * ) next to the step name represetiemso double starts represent two
inner loops. The term “active user” means the studéo will interact with the system and is
represented with brackets ({User}). Tleentent()and conversationID()are ACL message
parameters that the agents require in order toeplpmnderstand and process messages
between one another.

Step Sender MESGES
Destination
0-12 Agents Agents Content() Conversationld()
0 {User} Interface UserID “Next_Instruction”
1 Interface Doctor UserlD “Instruction_File”
2 Doctor User UserID “User_Model”
3 User Database UserID “User_Model”
4 Database User C:\...\\UserModel.xml User_Model REQ”

—
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5 User Doctor C:\...\\UserModel.xml | User_Model REQ"
Step Sender MESSES
Destination
0-12 Agents Agents Content() Conversationld()
6 Doctor Expert Next Step Next_Stey”
7 Expert Doctor Next Step Next Step REC
8 Doctor Interface C:\...\\instructions.xml “Instruction_File_ REQ”
9* Interface Expert Filename Get_File”
10* Expert Database Filename Gét_File”
11* Database Expert C:A\\\FileX.xml Gét_File RECQ”
12* Expert Interface C:\A\\_FileX.xml Get_File REC”
13** | Interface {User} Make tests
14** | {User} Interface Get the results
15** | Interface Expert TestiD+Array of results | “Evaluate Test”
16** | Expert Interface Results “Evaluate_Test REQ”
17** | Interface Learner LearnerID+Results “Update_Model”

Table 1 : Sequence of exchanged messages betwests ag

In the table above, the communication protocohef¢onversations has already been
established and | simply implement it. For exampistruction_File_REQ in step 8 means
that the Doctor responds to a request concerninigsaruction file made from the Interface
agentin step 1.

9.7- XML file handling

XML is an Extensible Markup Language, a set of suler encoding documents.
XML was designed to carry data, not to display d&tgery agent in our system will have a
text file (XML document) for carrying its data. this way we will be aware of how our data
will be stored and we can search and load it easilgemory.

An example of how an XML text file, calladstructions.xmlooks like is shown in
the figure below. In this XML file we have addeddt types of instructions that a Doctor
agent can ask the Intelligent system to do: aslkangital sign tests, examine them and taking
decision how to act. In every type of instructioe wive details about the name and the
address that agent must look for finding the spegifnl text file. The reason which we are
using instruction file is to be aware of the neteps that our system must perform and thus
provide a sense of direction.
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HC:\Users\Manos{[iu:ﬁqp ESES GUARANTEEUMLFiles of ISnstructionsam - Notepad ++
File Edit Search View Encoding Llanguage Settings Macro Run TedFX Plugine Window ? 3
JOHERGE 4Dk e | #h 3% BE|Z :.J\ MENMNGEavEGY
g 3

[ shope sttt | = Instuctions el

12 [Heinstructions>
13 [ <testsr
= <test>

<name>Heart problems</name>
<agentvhttp://192.168.0.100:7798/mpo/Expert</agent>

</test>
1w H <test>
<name>Dizbetest/nzme>
20 <agentshttp: //192.168.0.100:7798/mpc/Expert</agent>
21 </test>
i) " </testa>
23 H  <examinations>
2 <examiner
25 <name>Diabetes</nane> |2
<agentvhttp: //192 168.0.100:7798/mpc/Doctor</ agent> I
27 " </examine>
2 H <examine>
29 <name>Heart problems</name>
<agent>http: //192.168.0.100:7798/mpc/Doctar</agent>
31 " </examine>
</examination>

33 H  <decisions>
3 <decision>
<name> type 2 diabetes</nzme>
<agent>http://192.168.0.100:7798/mpc/Doctor</agent>
</decision>
3 B <decizion>
<name>increased risk of heart attack</name>
<agent>http://192.168.0.100:7798/mpc/Doctor</agent>
</decision>

</qguestions>

43 - %/instructions>

eXtensible Markup Language file length: 1107 lines: 44 Ln:43 Col:17 Sel:0 UNIX AN as UTF-8 NS

Figure 43 : Example of Instruction.xml, an XML file

In order to clarify how our agents search for thélXtext files and how they request
them, | will give a short explanation. Firstly, theerface Agent will ask the Doctor Agent
for the instruction text file (XML document). Thist goal for the Doctor is to decide on the
steps to do at a specific time. The Doctor agentis¢he name of the instruction file back to
the Interface. The Interface scans the instrucfiten and for each instruction it will
communicates with the required agent for the sjmexifil text files. In this case, thé'lest is

decided by the Expert agent. The Expert agentegplack to the Interface with the name of
the specific XML file that Interface agent askedr Every result given, the interface agent

will send it to the Doctor Agent to be checked.dfiypy Interface agent will send the results to

User agent for add them in User's Model. It wilb@lsend a message to update the User's

model in the Database. The Interface agent cordiafter that to the next instruction if there
is one.
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CHAPTER 10

Conclusion

My thesis consists of a two-phase part project. filts¢ phase of the project is the
research part, about the smart homes and theindémdies. In my thesis | start this research
part about Smart Homes and their technologies ile8Y@n my practical training. There | had
the chance to have a first contact with the ideSrofrt Homes and | had also a great source
of information and resources to accomplish thistfiask, such as the library of Glamorgan
University in Wales. | also continue my researcbkbia my home institution as a member of
project GUARANTEE.

The second phase of my project, | start workinginperiod staying in Montreal. In
four months period participating in SEPICS programUniversity of Montreal, | had the
chance to get familiar with Al and specific ITS kvledge. | feel very lucky to have been
able to participate in a research project and llawechance to work in a research laboratory
recognized worldwide as well as develop my knowéedygnew field of Computer Science
and enhance my computer skills both theoreticAIRPPOS) and practically (JAVA, JADE,
XML). This knowledge will help me in the developnmieri our multi-agent system for Smart
Homes.

Furthermore, SEPICS program was an excellent chémcestudying abroad and
exchange views with people involved in the field@mputer Science and specifically in
intelligence systems. Also, | had the chance tcaade my writing skills and knowledge of
English by giving two oral presentations for thePBES program members.

During my thesis, we faced several technical chgks in different parts of the
objectives | have pursued and it took me a largeusanof time to solve these unscheduled
difficulties. At the start of the project, thesdfidulties were mainly due to lack of knowledge
in this field of Smart Home, Smart home technolsgimtelligent Systems and due to the
specific terminologies that | had to be aware dbie | could start the implementation of
theoretical and practical models of the Multi-ageygtem. Of course | surpassed this problem
by studying, reading and getting familiar with tlisld as well as the very complicated and
exciting aspect of Al (Artificial Intelligence). Ab, | manage to surpass these difficulties
through the knowledge and the information | gatieéneViontreal.

In the practical part, | needed more time to swsEbkthe technical issues than in
theoretical part. The first challenge was to be ranaf which methodology to use when
designing the architecture of the Intelligent SgsteMore specifically, | had to become
conscious with the goals, the action and the ptdribe desired system so | could find the
best methodology that might give us a better remtasion of our system. A very helpful
source for better understanding this was the aisalylsthe BDI (Belief Desire Intention)
model, which is a set of concepts in cognitive psyagy for thinking about building Agents
that mimic the human thinking process. The secohdllenge was to start with the
implementation of the agents. | had to develop gaumvliedge of the Java language before
even programming in JADE. | took some time to paogiin Java so | had to study a few Java
tutorials to advance my knowledge and become capzflachieving future tasks. Also, | had
to run some Java examples for getting familiar witle IDE (Integrated Development
Environment) in Eclipse which | had never workedbigfore. | had to understand how to
debug, place breakpoints and execute step-by-stepgms. After, | become expert enough |
could continue with JADE. In order to be accustomth the JADE language, | had to read
a few programming tutorials in JADE for developimy programming skills and analyzing
some JADE examples. The most import example igtigethat | have already mentioned in a
previous section: the buyer and the seller example.
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The reasons that came the idea for this thesistiigaaim to provide the motivation
and background for social scientists to becomeluaebwith the emerging phenomenon of
Smart Homes. Also, it was to design a multi-agechigecture as well as an agent platform to
do the identification and the adaptive assistancelflerly and children inside their home and
react approximately if it's necessary. The firsfeakive was accomplished in the maximum
of our potentials. In the second objective we fawny difficulties to accomplish this task
because of the lack of experience that we had itifdgent systems. We make the start with
a theoretical model and we give a motivation foneotthesis students or companies to
become involved and developed our system for shuarmie assistance.

In Greece these technologies are still at a prmiitage. However, within the last
few years some Greek construction companies hasredred their interest for these new
technologies. One of them is Smart HOME HELLAS, athispecializes in automation
solutions for home and business buildings. Alsonynather new projects have started to be
developed in Greek Universities, with help of thending of Philips and other big
corporations. The future will show that this isyottie beginning.
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