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Abstract

The wide diversity of requirements from the differeuser groups of Smart Homes,
challenges the existing service creation schenezgjiig to the need to adopt a more
flexible approach enabling service providers tolotaitheir services and interfaces
according to their target user needs and prefesendemeTalk concentrates on the
modularity of open-source service creation comptsand advanced voice capabilities to
deliver a flexible generic platform for a user-frity Smart Home.
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1. Introduction

Smart home environments combine components, contemhanisms and intelligence to
enhance the feeling of comfort, safety and secuwtly their residents. Many
implementations explicitly focus on high-end usevhjle others focus on special age or
disability groups [Phillips (2001)]. However, thegiee of adoption of such platforms
remains low, mainly due to the fact that user ader®d smart homes as unnecessary
luxury of questionable added value, and stakehslder a niche market. Lately, new
technological and market drivers trigger a slow &teadily increasing interest of network
operators and service providers towards this magik&dlf (2003)]. Nevertheless, smart
home platforms and services are created with “omress” and not “users” in mind, often
ignoring service usability and human factors. le #tontext of HomeTalk project an
extensive user survey assessed the needs of pbtentart home users, including
technology enthusiasts, disabled and elderly. Thie wliversity of service requirements
from the different user groups challenged the ti@awial service creation schemes, leading
to the adoption of a highly flexible novel approadihis paper presents the user needs
analysis -focusing on the diversity of requiremendgscusses the limitations of traditional
approaches to service creation for smart homesgepte the advantages of the OSGI-based
approach [Marples (2001)] -enabling providers ttvee easily customizable user-centric
services addressing the needs and requirementwiodiearange of users- and showcases its
adaptability in different use contexts. The workgented in this paper is carried out in the
context of Project IST-2001-33507 “HomeTalk” whighpartly funded by the E.C. The
authors wish to acknowledge all HomeTalk partné$1( MERLONNI, WRAP, ANCO,
TID, TEMAGON, INACCESS NETWORKS) for their valuabt®ntributions during the
various activities presented in this paper. Furtinéormation about the project can be
found at www.hometalk.org.



2. User Requirements capture and analysis

2.1 Methodology Overview

The HOMETALK user requirements survey followed agéc methodological approach

based on ISO standard 13407 [ISO (1999)] suggestingterative process for “user-

centered” system design. An initial end-user arakedtolder analysis was performed to
identify the range of different users, stakeholdmnd their goals and the key user group
characteristics that potentially impose requirermeamid constraints upon the HOMETALK

design. Then, end user expectations on specifiturem and system services were
identified. This was achieved by a series of expddrviews and user questionnaires as
well as a desk study reviewing requirements fromeotprojects researching Connected
Home technologies. A discussion with system stakighne clarified aspects of their current
business model and their intentions for furthereligping their business. Based on the
above, a refined list of system requirements thethimsufficiently address the user and
stakeholder needs was drawn. Both qualitative arahtifative methods were used in the
survey which was conducted in Greece between Ségteamd November 2002.

2.2 Qualitative survey: Experts’ Interviews

A total of 8 semi-structured interviews with E&D pxts, including special education

teachers, sociologists specialised in elderly peapld kinesitherapy experts. After a brief
project description, the interviewees were stimadatio express high-level considerations
concerning the design of the system, making expliciion to the characteristics that will

make it accessible and usable by special user grauifist of considerations was drawn

and detailed discussion was further realised, arorclarify specific aspects and to collect
feedback on possible design recommendations. Tudtseof the interviews contributed to

structure the appropriate user questionnaires andetter understand the key limiting

drawbacks of current technological approaches.

2.3  Quantitative survey: Questionnaires
The questionnaire for the end users was formulatedhe basis of the potential use
scenarios. HomeTalk originally prepared 20 sergicenarios that were further developed
and combined in 4 life scenarios. These were eteduand refined after the experts
interviews and were presented to the end usersript $orm. The questionnaire collected
users’ evaluation of the services, based on a &-lesale ranging from “Very useful” to
“Not at all useful” in relation with demographic atacteristics. The questionnaire
addressed to Greek-speaking users contained aphitdrelated to the preferred spoken
commands to interact with ICT devices and servi@eESI, 2002]. Research scientist
provided answers and support where necessary. rire stases (mostly with dexterity
impaired users), users were assisted to fill-ingihestionnaires.
The sample consisted of 65 users, forming threepgo

Elderly users (over 65 years old -14 persons)

Disabled users (all ages - 34 persons)

E&D experts and carers (17 persons)
Standard statistical methods (frequency analysis cmrelation tests) were performed in
order to extract the main trends in the sampletanerify or reject initial assumptions.



2.4  Disabled users group: Demographics and key fimags

Disabled users were chosen amongst young peogehieve higher technology literacy
and interest for the project. The type of disal#itand the age distribution is shown in
table 1 (note that several subject suffered sevgnak of impairments).

Table 1: Impairment types and age distribution

Disabled Motion Dexterity Speech Vision 12-24 25-34 >35
users disability impairment  impairment  impairment years  years years
Male 13 6 3 0 19 9 6

Female 15 4 2 3 59% 28% 17%
Total 28 10 5 3

Key findings of the survey include: One out of #hiteas a previous experience with voice
recognition tools and is generally satisfied witki7i0% rated the quality as good, and 30%
as medium). Very few have experience with Text{p@&th tools. Few are acquainted with
specialised equipment providing better accesshititcomputers (24% special keyboards
or printers, 15% accessibility features of MS Wiwdp6% special pointing devices), while
38% do not use any accessibility equipment. Mamyu€6%) posses a personal computer
at home and 41% have an Internet connection at h@ne out of five maintains an
electronic agenda (either on a PDA or organisenic® is the preferred interface for
interaction with a home automation platform (59%iler a traditional pointing device
(like mouse) is preferred (38%) in comparison wathouch screen (21%). They wish to
communicate with detailed voice dialogues only wiliers necessary (44%) and some
always prefer short and quick dialogues (38%). Mgls-person households existed in the
sample (persons living alone were assisted byer etrleast 5 days/week). Disabled users
presented a high degree of technology literacyvaerck very willing to cooperate in the
evaluation of the HomeTalk platform. They have siyoequirements as to the accessibility
of the services and their robustness. Most appgalervices were safety and security
related (Detection (fire, smoke, water leakage)emancy function, control of actuators,
electronic devices remote control).

2.5  Elderly users group: Demographics and key finaligs

Subjects were chosen among active individuals dgivimmedium to high-income districts.
Even though more than 50 persons were personatifacted and asked to complete the
questionnaire; it was very difficult to motivateeth to participate in the survey. The
elderly users sample consisted of 14 users. Duketgestricted size the results are to be
interpreted only qualitatively. Some key findinggtte survey include:

Among the subjects, almost nobody lives alonentlagority live with their spouses or their
children’s families. They do not consider having aensorial difficulties: Even though
cases of visual and hearing impairments were gledentified, none of the subjects
answered positively to the respective questiordeyl are technology illiterate. Only 20%
have used a computer or a mobile phone more dftemance a week. The majority is not
even willing to make a call to a mobile phone tiisi not for emergency. Only few (35%)
trust or rather trust computers. They consider tisatg such a platform, will make them
feel more secure and comfortable (35%), but alseenbechnology dependent and lazier
(14%). They think that HomeTalk services will nebecome available to them or that will
be too expensive or too complicated for them to. Udest appealing services are
Emergency function, Electronic devices remote an®resence simulation and detection



(fire, smoke, water leakage)). They were very r@ntto introduce new technology in their
everyday lives. This applies to new wiring, interiiens in the central power supply board,
changes in the appliances and the general wayiafyli Service complexity must be kept
to the absolute minimum and system installation aodport is absolutely necessary.
Service support is necessary (through an operatipport centre, or medical centre).

2.6  Elderly & Disabled experts and carers group: Demographics and Key findings

The E&D experts and carers group consisted of bjests. Subjects were chosen among
people working or living with elderly (sociologistswurses), disabled (sociologists,
teachers, kinesitherapists, nurses and parentsjindgiastrong experience of everyday
problems faced by elderly or disabled, they willtbe first ones to get in touch with home
automation technologies supporting E&D. Some kaglifigs of the survey include:

They are computer literate and well acquainted wétv technology. They do not generally
have previous experience with voice recognition%82r speech synthesis tools (71%),
but those who have rated the tools as of mediunlitgu&ew are acquainted with
accessibility equipment (18% special keyboards rortgrs, 6% accessibility features of
Microsoft Windows). Voice is the preferred inteaor platform interaction (65%),
followed by a touch screen (23%). None preferrdaditisl voice dialogues, opting for short
and quick dialogues (76%). They want to be inforneedtheir mobile phones only for
serious incidents in the house, like a smoke (58f@ecurity alert (53%). Most appealing
application/services are Detection (fire, smoketewdeakage), Emergency function,
Control of actuators, Central entrance opening,\&hie appliances trouble-shooter.

2.7  End-user requirements assessment and design s&mns

The interviews with E&D experts and carers providagortant insight to the difficulties
that E&D groups face and how existing assistiveickss address them (successfully or
not). A key concern of the experts was the isohattbhat could be induced by the
introduction of such platforms. Experts claimedttbtarers often provide much more than
helping disabled to carry on everyday tasks. Ia s@nse, their help is more of social than
functional character and could not be substitutgdaby technological means. It was
therefore accepted that new ways of communicatngdccontribute to the substitution of
traditional physical contact. Disabled users amy well acquainted with new technologies,
considering the use of computer, and particular®y nternet, as an important means of
non-discrimination. Nevertheless, only few utiliparticular accessibility tools. Several
cases were identified where a reinvention of theetlwas performed in the effort to
provide accessibility to computers or electronivides. In the rare cases where disabled
users make use of specialised devices, they exqatessious concerns about compatibility,
customer care and service issues. They claimetdthbg always face significant problems
when they should have their specialised equipmeptired or replaced. They also
expressed serious concerns about the affordabflgych equipment.

The above user requirements were coupled with akgenstraints raised by all respective
actors in the home platforms value chain - netweduipment providers, application
providers, network access operators, content peosjcapplication developers, appliance
manufacturers, system integrators and service geosi Although this issue is not
discussed here, the overall platform design shoatdorm to these requirements in order
to build a system that can be efficiently exploitegprovide real added value to end-users.
Table 2 summarises the functional system requirémaased on the user and stakeholder
requirements assessment and proposes the desigiodgcthat are followed in the project.



Table 2: Requirements and design decisions

User / System requirements Design decision

Users are not willing to easily accgpiNo new wiring solutions should be preferred
interventions in their houses. where this is possible
Users are very wary about the overallow cost solutions should be preferred where
system cost. equivalent functionalities are offered
Users are wary about the complexity of th8ervices should be accessible and user-
services but they are willing to accefriendly and easy to use and maintain.
technology adapted to their needs.
Several coexisting home network platform&upport of bridging functions by the platform
Maximum peripherals connectivity requirgdand potentially by the RG. Multiple Network

[TEGER, 2002] Interfaces for communication & input.
Interoperability between differentStandardised meta-data (i.e. profiles) for
infrastructure components managing components and devices

O

Easy procedures for definition, registratiorvailability of administration tools (i.e. We
deregistration, modification of services based management.)

Many proprietary or non-standardise@pen Specifications for the delivery pf
devices exist in the market managed broadband services.
Possibility to select between short/quick arfSleveral operation modes according user
detailed/self-explainable voice interaction| preference.
Mobile access to home network, foHome services should be accessible through a
informative, control and security reasons | portal supporting multiple ways of interaction
User want to set preferences for services Integradf User Profiles

“Most useful” applications differ from ongSeveral application baskets according to |the
user group to another user group addressed.
End users prefer to have the system install@dick to install and detailed platform
by a technical team installation guide. User-friendly usage guide
Disabled users are computer literate application of Design-for-All principles tg
very willing to cooperate in evaluation anéssure accessibility. Consideration of assistive
testing. Eager to buy if they can save monégchnology interfaces and interoperability

from human support. with standard specialised devices
Disabled users are wary about maintengnbesign and interfaces based on standards.
issues and availability of spare parts Proprietary solutions should be avoided

The design requirements led to the adoption ofghlhiflexible approach for hardware
interconnection and service creation framework. Plegform architecture is depicted in
figure 1. The system is built around a ResiderBateway (RG), connected both to the
outdoor and indoor networks. Indoor network cossigtwhite appliances, control devices
and a series of I/O devices with their respectigpabilities. The RG integrates data
networking, control networking, voice (using IBM aXoice Technology for speech
recognition and synthesis) and multimodal intemacteatures and will host the Residential
Gateway Server (RGS), which will be a central contomponent of the HomeTalk
system serving as a backend for the user interfagelsiding VoiceXML engine). It will
receive the user requests from the User Interfacgponent, process them, evaluate them
in the context of the current HomeTalk serviceestatanslate them into the appropriate
form and will carry out the appropriate actionssgag the commands to the controlled
devices). In the opposite direction it will colleébe responses or asynchronous events from
the controlled devices, translate them into ther@mpate form and will perform
appropriate actions (passing the information toldher the commands to other devices).
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Figure 1: HomeTalk Platform Architecture

ultifunctional RG with modular broadband accessriisice, enable bundled service
deployment of voice, data, entertainment and feahwme automation services. They
enable seamless interworking of indoor PCs, prntaptops and PDAs with wireline and
wireless access networks and connection sharingeteice providers. They allow for
inexpensive deployment of new services with rencotefiguration or software update. All
interfaces to 1/0 devices are incorporated in tie, Eherefore allowing for centralised
control of the full range of user interfaces. Seegi can be customized according to the
user profile, taking into account Human needs (compation, education, acquisition,
security, entertainment), Human performance (spc@@rceptual, cognitive motor,
memorial) and a broad range of available interfgdkegboard, vocal, GUI).

3. Existing approaches and the Service Creation Fraework

Traditionally, the service provider designs a smvinterface with his own aesthetics/
functionalities and accessibility features. No ARdgist to build new interfaces or
interaction environments. The user should learn howse the particular service and
change his habits and usage principles accordifigig. new approach is based on easily
customizable building blocks with open source Afat allow to service providers to
adapt services according to their users’ needs.sémd@ce framework provides a context
for developers to write service code to executetlom Residential Gateway. In this
environment, services are swapped in and out, greandically updated, and must
communicate in a structured and dependable way wotitier services. The framework
should provide a rich and structured developmeaitfqam for component-based software
architectures and takes advantage of the abiliyotonload code from the network. The
primary goal of the service framework is to provateenvironment that: Supports dynamic
load or update of services without stopping theiremvnent, is usable in limited memory
devices, offers a concise and consistent compguegramming model for service
developers, manages dependencies between serdnds,s scalable. To take best
advantage of the framework, developers should demigapplication as a set of services,
each implementing a segment of the overall funefion These services and other
extension services can then be combined and dodedbi the gateway device.



The OSGI approach is very mature in terms of fumaiities and applicability. Given that
the evolution of home networks seems to be driverHbme PC networks and Home
automation networks [Wolf (2003)], it is apparehatt the solution backed by telecom
operators/manufactures, concentrates the highebapility of mid and long-term success.
OSGI framework was therefore adopted for servieation. Designed to compliment and
enhance virtually all residential networking stami$aand initiatives, such as Bluetooth™,
CAL, CEBus, Convergence, emNET, HAVI™, HomePNA™, m&Plug™, HomeRF™,
Jini™ technology, LonWorks, UPnP, 802.11B and VE®XSGI leverages the value of
existing wire line and wireless networks while poing flexibility toward cable,
WCDMA, xDSL and other high-speed access technofogide open source nature of
HomeTalk, is maintained by choosing OSCAR frameworklementation.

3.1 Userinterfaces

HomeTalk platform offers several interfaces to riaté with the system. The typical in-
house choice of controls includes voice (througbraphones spread around the house, the
voice recognition module of the PDA or through aelephone terminal connected to the
in-house network), Graphical interface (throughgbeeen of a desktop or laptop computer,
or the PDA), White appliances interface (througa tlontrol boards of all installed white
appliances), Actuators (through wearable wirelesgrol buttons). All the above interfaces
are assisted by cameras and projectors install¢gkeifouse that detect user activity and
accordingly “assist” the interfaces to provide arenaiser-friendly experience. Distant
interaction is limited to voice (through any fixed mobile telephone) and graphical
interface (through the screen of a computer, PDAMmbile phone connected to the
Internet). The above pool of interfaces offers &ue opportunity to customize system
interaction according to the particularities of theolved user (profile), the context of use
[Intille (2002)] (emergency, leisure, relaxatiomgnemunication need, education/training,
security, comfort etc) and the particular displagttis used in each session.

3.2 0OSGl-based Service Example: Home hospitalisatio
The main objective of the service is to enable fenmoonitoring of patient’s vital signals
providing medical alarm surveillance from hosppegmises and remote control of medical
devices at patient’'s home. The service consistwofinterfaces: one for the patient and his
carer at home and one for the medical staff ohthepital. In this typical example of OSGi-
based service, a Service Provider (in this casédispital) offers the home hospitalisation
service in a Service Aggregator portal. The lateyusd check whether the offered service
is compatible with the already existing hardward software configuration at the patient’s
premises. Supposing that the patient is provideti &iblood pressure meter (BPM), a
glucometer and a wearable emergency button (wtaohbe pressed in case of emergency).
The BPM is connected through the serial port ofRi& the glucometer through the home
Wireless LAN (IEEE 802.11), and the wireless emeegebutton through a Lonworks RF
receiver [Dobrev (2002)]. The Service Aggregatardt detect problems such as:
Unavailability of a serial port for the BPM.
Availability of free serial port to connect it blaick of driver to control it.
The RG is not provided with wireless interface stiive glucometer can’t be managed.
The RG cannot manage alarms (in the sense of spatirSMS to a mobile phone,
sending e-mails or making telephone calls to thdigared numbers).
When the patient or carer arrive at home and tryufoscribe to the home hospitalisation
service -through the Service Aggregator portal-ftlewing warnings are received:



A subscription based alarm management service éslate in order to have the

capability to send alarm messages to the hospital.

There is no free serial port to connect the BPM.

The glucometer cannot be managed by the RG duetiatk of appropriate driver.
The patient subscribes to the alarm managemeniceeand removes the device that is
connected to the serial port to plug the BPM. Afielving connectivity problems, the
patient fills some forms (to personalise the senand insert the necessary data for billing
purposes) and once the service has been confitimedequested software is downloaded
and installed in the RG and the service is autarablyistarted. The hospital and the patient
are connected to the OSGi platform using a broadlb@nnection (such as ADSL),
transparently using VPNs & IPSec for security nrattd he doctor is able to control the
patients devices at home using the remote contrdéwices service offered over the same
platform. Medical devices —such as the blood pressueter, are controlled in the same
way as lights or cameras in the house. The docfmodile only allows him to control
certain devices in the house. For instance, hedcadjust the lights or monitor the patient
through the images registered by the cameras. Tthcal staff interface provides access
to patient’s agenda, information, Vademecum andicaédnistory, and is also securely
available to the doctor visiting the patient at leorm case the system detects an abnormal
vital measurement, an alarm is sent to the hospitahg the OSGi based platform
capabilities to manage alarms. The patient interfaas an agenda with appointments, diets
and medication. All features available to the pdtiean be accessed by voice, through a
computer or PDA, or distantly, from the mobile pbaf the patient’s carer.

4. Conclusions

The availability of a flexible open-source servareation environment combined with
an extensive pool of available interfaces, offées dpportunity to service providers to
create the appropriate user interfaces that widkess the needs of their potential users
in the best possible way. Through this approaatvj@eproviders are not limited by the
restrictions raised by operators and can tailorir tteervices according to the
particularities of their target users.
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