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Abstract—The home is composed of many different devices, This paper describes Homer — a home system that is
services and technologies. These rarely communicate withhe designed to meet the needs of both telecare and home automa-
another, and require various different computer systems ad  ion Both applications share a common core of capabijities

applications to be able to interact with them all remotely. A th h th | . ialised devi d . .
challenge within telecare is being able to exploit the funéonality oug €y also require specialised devices and Servites |

of these devices within the home and offer a common means of €ach application. The study in [3] discovered that userslavou
control, monitoring and programming, either locally or remotely. like the ability to control the home (though they would not

Homer, a home system designed and developed at the Univessit wish this to seem like programming). As the target users
of Stirling, can communicate with any device within the home have very limited technical knowledge, a home system needs

and then expose the functionality to a range of different inerfaces to b d ¢ H th t | ds t
on different platforms and devices. This paper introduces tdmer, 0 be made easy 1o use. However, (he sysiem also needs (o

describing how it communicates with the devices within the Offer more sophisticated capabilities to specialists.(a.gare
home, a brief description of the system architecture, and fially —professional or a home system installer). Simple tasks must

describes its user interfaces for the home. Home requiremésiare  therefore be easy, while complex tasks must be possible.
introduced at the beginning of the paper, explored throughait,

and finally evaluated at the end. B. Related Work

|. INTRODUCTION This paper touches on many related fields: telecare, home
automation and smart homes, component architecturesypoli
A. Context based management and end-user programming. As a result,
The world population is gradually aging [1]. As a resultpnly a high-level overview of related work is feasible here.
there is increased pressure in most countries to provide adeTelecare Commercial telecare solutions are available from
quate support for older people. Although technology is onyompanies such as Cisco, General Electric, Initial, Intel,
part of the solution, telecare (remote support of home ca®mniQare, Philips and Tunstall. Current telecare systems a
has been enthusiastically promoted as a way of helping oldelatively unsophisticated, and generally require spiseid
people to continue living independently in their own homesnstallation expertise (especially if they have to be medifi
Telecare involves some kind of computer-based system in ®@enniQare is unusual in being a framework for third parties
home that monitors for undesirable situations such as, falte add telecare services. As telecare is a fairly recent de-
bed wetting or overflowing baths. The home provision igelopment, standards are still in their infancy. The Caudin
supplemented by a link to a call center for dealing with alertHealth Alliance (www.continuaalliance.org) and the Eweap
and calls for help. Telecommunications Institute (www.etsi.org) are workiog
However, telecare technologies are still relatively uradev wards telehealth and telecare standards, but interofigyabi
oped. Commercial systems often do not incorporate thetlatasiong different devices and systems is still a long way off.
research advances. More seriously, telecare systemswakyus Home Automation At device level, several standards have
relatively fixed in function. Where changes are possibleythevolved to support home automation. These include infrared
normally require specialised technical expertise and noft¢home appliance control), KNX (building management and do-
reprogramming. As a result, telecare systems can be hardhtestic applications) and X10 (mains appliance control)réMo
customise for individual circumstances, and can be hard itderesting are packages that aim to offer higher-levetrobn
adapt as these change over time [2]. over home devices. These include Control4 (a widely adopted
Home automation has a longer history going back sevefedimework), Cortexa (rule-based, but not flexible or simple
decades. However, most approaches are relatively unsopkisough), Girder (technical knowledge needed to define input
ticated. Indeed, homeontrol rather thanautomation would output event mappings), Home Automation Inc. (designed for
often be a better designation. Much of the commercial effdrtstallers rather than end users), and HomeSeer (partigula
in this area is concerned with capabilities such as beifigcused on control via remote devices). In general, these
able to stream audio and video around the home. Althoughproaches lack either the sophistication needed for éutidn
some home systems do offer programmability, this usualdutomation or the simplicity required by non-technicalrase
requires specialised technical expertise and is aimed mibre Component Frameworks Many component architectures
the hobbyist rather than ordinary householders. have been developed. In the context of home systems, rel-



evant approaches include Atlas (home sensor/actuator platrrent state of the connected devices within the home. Some
form), Jini (distributed network architecture), Open Seg¢ examples include viewing the surveillance camera feed for
Gateway initiative (service platform, www.osgi.org), See the front porch, checking if the front door is locked, or iketh
Component Architecture (implementation-independent -comesident has taken their medication. Secondly, it is udefbke
ponent interconnection, www.osoa.org), and Service @ikn able to control these devices, either locally by the regiden
Device Architecture (device inter-working, www.eclipsey/ remotely by friends/family/care professionals. Some egxlas
ohf/components/soda). Of these, approaches based orc&erviclude turning on and off individual lights, adjusting the
Oriented Architecture have proven particularly popular. heating, or setting a reminder to take medication. Finatly,

Policy-Based ManagementPolicies are automated rulesis very useful to automate particular tasks for the resident
for controlling systems, with many possible applicatioBs: Examples of such automation include turning on lights in
amples of the many approaches includeckNT (domain- an occupied room when it starts to get dark, reminding the
independent policies [2]), Drools (business rules, wwesg resident to take their medication, and sending a message to
org/drools), Police (emphasis on distributed policiesy ara caregiver if the resident misses their medication for a day
Ponder (distinctive features such as domains, conflictliend These rules could be set up at installation time by the ilestal
and refinement [4]). Although simple rules are supported loy care professional, and managed by the care professional
some commercial home automation packages, the richer fialtd/or the resident.

of policies applied in the home has not been widely explored Currently companies focus on the monitoring and control-
(AcHE [5] and [6] being a few examples). ling aspects of home systems, but for telecare the automatio
End-User Programming This allows both technical and aspects are vital. A home which is kitted out with technology
non technical people to express their desires in a logb enhance and prolong the resident’s stay should be there to
cal format. There are currently four main techniques beingffer help and ease their daily lives. This requires a degree
researched. Visual programming (e.g. [7], [8], [9]) whiclbf automation which should be customisable and contradlabl
is arranging pictorial representations in meaningful ways by the resident and/or care professionals involved. The few
represent logic; this requires a basic level of logical king  existing systems which offer automation are often prograchm
from the user, but is relatively simple for the system to parspy the installers and require technical knowledge to set up.
Natural language (e.g. [10], [11], [12], [13], [14]) usesural  t is crycial that the system is designed to be as simple as
language to express desired functionality; this requiitle | sssiple to live with, offering easy means to monitor, cohtr
logical thought from the user, but can be very challenginghq automate the home. If a home system is overly complex
for the system to parse. Tangible programming (e.9. [13he average resident is highly likely to avoid using it. Also
[16], [17], [18]) is combining physical representationsioom  sjince the average resident, friends, family or care prafeats
rules; this requires a level of logical thought from the us&g have very little programming experience, the systemstnu
and is a rather restrictive means of programming, but % gesigned so as not to require any technical background
relatively simple for the system to parse. Finally, prognaimg . nowledge. Existing systems generally offer a very higinsta
by demonstration (e.g. [14], [19]) is physically demonsi@ ard of user interface for monitoring and controlling feat
what you would like the system to do by manipulating regl 3 home. However programming features, if they exist, are
world objects; relatively simple for users, but can lead tgenerally designed for technically experienced individua
ambiguity when parsing as it is hard to know which current A summary of requirements for a home system is therefore:

_en\lnr((j)n(;nefntal cond|:|ontsh orduser a;:tl(t)_ns ‘:‘ri me?nt tofgﬁpport legacy devices, support new devices easily andhayna
included (for example, the demonstration takes place a Eggllly allow the user, friends, family and care professisria

6pm, whilst it is raining OUt$'de’ and the u;er walks throe_lghmonitor, control and automate the home and the devicesrwithi
door to turn on a lamp. Which of these actions and condmmﬂs Finally, all these tasks must be simple for any user

are relevant?).

C. Reguirements D. Overview

An extremely important feature of a home system is coping
with the very large range of different devices, technolegie This paper discusses Homer, an OSGi (www.osgi.org) home
and protocols currently on the market and in people’s homaystem developed by the authors, which aims to meet the
The system must be able to easily and dynamically support tleguirements discussed in section I-C. The design of Homer
addition of new devices as they become available. Currentigmponents is described in section Il, along with some
very few of the systems described above can handle new teekamples of currently implemented components and how
nologies, as they support only custom, in-house componer@smponents work with policies to automate the home. The
It therefore becomes very difficult for these companies &pkearchitecture is introduced in section Ill. User interfacesl
up with the new devices that come on the market. end-user programming techniques are discussed in sedfion |
There are three main features of any home system: mdtinally, the section V evaluates Homer with regard to the
itoring, control and automation. Monitoring features wallo requirements, explores future work and concludes what has
residents, friends, family and/or care professionals éswthe been discussed in this paper.



Il. HOMER COMPONENTS Email This supports exchange of email on behalf of other

‘Component’, within the context of this research, is th€0mponents. o _ _
term used to mean a device or user service within the home!nfrared Most audiovisual devices have infrared remote
Examples of devices include lights, medicine dispenseds afPntrols. With ageing, users may lose dexterity in theirdsan
televisions. Examples of user services include SMS, weattf® that traditional remote controls become difficult to use.
forecasts and Twitter. This section discusses the design 1¢f¢ Homer infrared controller extends the variety of home
Homer components, gives some examples and finally sho@Rpliances that can be controlled. For example, programs ca

how components can be automated through the use of policfe® récorded automatically and appliances can be used throug
a simple touch screen.

A. Design Momento A very important aspect of telecare is commu-
Homer components are lightweight, loosely-coupled modtication. Older people, on the whole, like to feel close to
ules that can be installed, modified and removed from Homi&eir friends and family: photos are a good way of doing
at run-time. This capability is intrinsic to OSGi. It is impant this. The Homer component for the i-mate Momento wireless
to develop a home system which can dynamically install atigital photo frame (www.momentolive.com) has its own dmai
uninstall devices within the home as they become availaide aaddress, allowing friends and family to email photos for
unavailable, without interfering or restarting the homsteyn. immediate display.
Within telecare, devices may be added and removed frequentl Nabaztag The Nabaztag ‘Internet rabbit’ (www.nabaztag.
as newer models of existing devices become available or #@m) has been adapted as a user-friendly interface device.
user develops new health problems that would benefit frofy$ a non-threatening interface to technology, this is ideal
new devices. Because devices, and the services that thery dchnophobic or technically inexperienced users. Theirabb
to the home, are volatile it is crucial that the system dods nigrovides an interface which supports speech recognitiBiDR
have dependencies on the components themselves, and ind@gdecognition, text-to-speech conversion, and audibdgial
that the components do not have dependencies on each otbegestural alerts.

A component represents a device or a user service. AdOregon Scientific Homer can monitor the home environ-
simple examples, a medication dispenser provides usage IMent using wireless devices produced by Oregon Scientific
formation, a thermostat can check the room temperature, diavw.oregonscientific.com). These are mostly used forrinfo
a lamp module offer actions such as turning a lamp on, dfiation such as room temperature and humidity level. This
or to some dim level. Homer categorises these aspects ofiprmation can be used to control the household envirotmen
component as triggers, conditions and actions. Tunstall For telecare, Homer supports a range of home de-

A trigger reports something that happens externally tdces produced by Tunstall (www.tunstall.com). This irdes
Homer, e.g. the front door is opened. A condition checks ti@sic devices such as flood detectors, gas detectors, moveme
state of a component, e.g. whether the front door is open. datectors and pressure mats, as well as more specialised
action allows the user to request a change external to Honggyices such as medicine dispensers and door entry systems.
e.g. to lock the front door. A component must state what Twitter Support for Twitter (twitter.com) helps to maintain
triggers, conditions and/or actions it can support. By d@n communication using short messages. These can be used for
it is offering a guarantee that it will post the relevant ¢grigs status updates and alerts.
and, on request, evaluate conditions and support actions.  SMS Similar to the email component, this supports sending

Components are not allowed to communicate directly wi#nd receiving SMS messages.
other components; shared functionality must be provided byVisonic These sensors (www.visonic.com) are mostly for
a Homer service. Components should be simplistic, withonitoring home activity, including door, window, motiond
no intelligence or complex logic of their own. This cleanlygas sensors.
separates the core devices and services from the logic andlViiMote The WiiMote (a hand-held controller, www.
applications that build on these. nintendo.com/wii) has been given a Homer component wrap-
ping. The WiiMote can be used for gestural input; for example
it can mimic nodding or shaking the head in response to

A range of devices have been integrated with Homer tpiestions. It also has buttons which can be used for control
demonstrate its functionality. Examples include the fellig:  functions. This is a good example of how a mass-market

Camera: The camera component allows for movemendevice, originally for a completely different purpose, da@
detection and photos/videos to be recorded on request thadapted for use in telecare or home automation.
can also be emailed or sent to a digital display within the X10 This widely used technology for controlling mains
home. This offers security features for residents, e.ghtetk appliances and lighting allows Homer to manage many devices
who is at the door or to check for a prowler outside the housgound the home.

The camera offers communication features to allow resgent .

to keep in touch with friends and family. It also offers peacé> Policy-Based Control

of-mind features, e.g. to allow informal carers to know that Homer policies allow different features and functionabify

the resident is up and about the house. the various components within the home to be interconnected

B. Component Examples



in logical ways. This results in a system which can be fully Hearing Problems

automated by interconnecting component functionality at a,
higher level. By handling this automation at a higher level

when music is playingand (the telephone ringsr the
doorbell rings)do reduce music volume by 90%

there is no direct dependency on the components and aHOW?:omfort Features:

for dynamically piecing together different features andses
that the components offer within the home. This dynamic and
loosely coupled approach is vital for a homecare systemevher
devices will come and go. ¢

A policy for Homer contains triggers and conditions in a
‘when’ clause, and actions in a ‘do’ clause (for more details *
see [20]). A primitive example is:

when the front door openslo turn on the hall lamp.
This is a policy which involves the Visonic and X10 compo-
nents. The Visonic component offers a trigger for when a door*®
is opened, here the front door. The X10 component offers an
action to turn on a lamp, here the hall lamp. By putting these *
two pieces of functionality together we can create a policy

when the living room is occupie@nd the living room
light level falls below 60% do turn on the lamp

when Mary is getting upor Mary is going to bedlo set
the bedroom temperature to a comfortable level

when movement is detected in a roodo set the room
temperature to a comfortable level

when the weather forecast predicts very cold weather
during the nightdo turn on the heating

when an SMS is received from Mary saying ‘warm the
house’do turn on the heating

when the TV in the living room is turned ofind the
time is after 9:30pndo turn on the electric blanket in

which will automatically turn on the hall lamp whenever the

front door opens.
A slightly more sophisticated example is:

the master bednd tell Mary ‘electric blanket has been
turned on’

Safety Features

when Mary is going to bedio set the bedroom temperature « when the fire alarm is activatednd no one is homealo

to 24°C.

This policy has to know how to evaluate the trigger in order .
to be able to evaluate the policy. The trigger is not from a

component, instead it is from another policy:

when Mary is at homeand Mary turns off the television
and the time is between 2130 and 2286 tell Homer Mary
is going to bed.

This policy similarly make use of other policies. This natio

of gathering multiple triggers to produce a meta-trigger

called sensor fusion. By extracting commonly used logio int

send an SMS alert to a neighbour
when movement is detected outsidend the time is
between 2300 and 06Q#hd the house is in sleep mode
do turn on the outside lightand turn on the outside
security camera
« when flooding is reported in the bathroodo turn off

the waterand send a recorded message by phone to a

neighbour
is
[1l. ARCHITECTURE

separate policies the user can write everyday policies at @aHomer acts as the middleware platform between users and

higher, more easily articulated level.
D. Sample Policies

The following illustrates how policies can support telecar

Sleeping Problems
« when Tom gets out of bed at nigland opens the front

door within 5 minuteslo activate his neighbour’s bedside,

alarm

« when John gets out of bed at nighkpb turn on the hall
and toilet lights

Memory Problems:

« when Brian is late in taking medicatiodo provide a
reminder

« when Brian does not take medication for a whole dhy
send an email alert to the surgedfyit is a weekday

« when the time is between 0500 and 12@6d Mary is
in bedand the diary has an event in an hodo activate
Mary’s alarm clock

« when the living room is unoccupied for 5 minuteto
turn off the television

Mobility Problems:

the devices and services in their home, offering all three
features (monitoring, controlling and automating). Fegur
shows the high level architecture of Homer, showing how
Homer sits between the components and the user. Various
aspects of the architecture are as follows:

Components The components within the home are con-
nected using their respective technologies, and given agfiom
wrapping to expose the features and functionality of the
component for Homer. The details and design of components
were discussed in section II.

Web Server The web server exposes the functionality
of Homer through HTTP, using a custom APl and JSON
(JavaScript Object Notation, www.json.org) for data inter
change. This allows external applications to be developed
which provide the user with the ability to monitor, control
and/or automate the home. Example applications have been
developed for the iPhone and iPad [20].

Homer Central Framework The internal Homer frame-
work is composed of three main parts: the policy server, the
database and the OSGi event broker for message exchange.
It is responsible for managing components, requests fram th

« when a person with a valid RFID tag arrives at frontveb server, handling the evaluation and execution of psici

doordo open the dooand alert the useand display the
visitor’s photo

and most importantly the communication among all these
entities. The home framework is discussed further in [20].



‘ Web Server |

Policy OSGi
Server Database Event
Broker

Homer

Components

Fig. 1. Homer Architecture

IV. USERINTERFACES

This section discusses how the residents and their care
professionals, friends and families can interface with the
home through Homer. It firstly looks at the technologies and
devices available for interacting with Homer, then dessib
a new technique for simplifying the home system called
‘perspectives’. Finally, Homer’s novel approach to endrus
programming of the home is described.

A. Devices

Homer has been designed to support any hardware or
platform by exposing the home through an HTTP API, using
JSON for data communication. A whole host of possible
user interfaces exist, including Google Android phonelap
iPhone/iPad/iPod Touch devices, web browsers, tele\dsion
PCs and tablet computers. To demonstrate this a web page
(using Google Web Toolkit) has been written, along with
an iPhone and iPad application (see figure 2 for the iPhone
application).

It is important that telecare systems offer a range of inter-
faces to help all the people involved (resident, friends)ifia
care professionals) to choose a mode of interaction which
feels most comfortable to them. By doing this it encourages
use of the home system, offering a higher degree of ease
than if they were forced to use only one particular mode. An
advantage of offering an open API is that any manufacturer
could create devices which offer Homer functionality. For
example, a remote control manufacturer could make a Homer
remote control for all the lights in the home. A system which
encourages third-party participation allows users of tmé
system to benefit greatly through a wider and larger range of
devices, components and services.

B. Perspectives

People conceptualise their environments in different ways
so it is important that a home system can cater for this.
Homer offers the ability for users to access devices, sesvic
and conditions from various ‘perspectives’; device typg.(e
television, mobile phone, fan), location (e.g. living room
kitchen, work), personal (e.g. me, Mary, the kids) and time
(e.g. sunset, every weekday, a birthday). There are pdigpec
crossovers, where items in one perspective can equally be
viewed from another perspective. As an example of crossover
“lamp — Mary’s bedside lamp” (type), “bedroom> Mary’s
bedside lamp” (location) and “Mary> my bedside lamp”.

By offering perspectives users are able to conceptualise
their home in a way that is familiar to them. Any household
member can immediately start using the home system from
their perspective without changing configurations or, more
importantly, the way they visualise the home.

This technique has been applied throughout the home sys-
tem, from monitoring and control to the programming of rules
for automation. As a simple example an iPhone application
was developed to demonstrate that all the devices and ssrvic
within the home could be accessed through their location or
their device type. Figure 2 shows the application displgyin
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uiOrange = 09:52 AM @ 97 % = device type and, in some cases, person or time. Using the
notion of perspectives it is therefore possible to browsese
from different perspectives.

Fan D. Disguised Programming

Fan oy Programming is a task that is often avoided by non-technical
Office, Wark gﬁ’ people. A technique used within Homer is the notion of
disguising the programming aspects of the home application
Kitchen Appliance To demonstrate this notion, a prototype iPad application fo
- the home is described. The main display is an interactive pla
ﬁ.ii Coffee Machine @ view of the home. The user may choose to navigate to their
= Kitchen, Home = television by touching the living room on the plan view, then
choosing the television. The television page offers maimtp
Lamp and control of the device, for example showing if the telieris
is currently on or off, and being able to change its channel,

) Bedside Lamp volume or power. On this same page there would be additional

[t

i Bedroom, Home

buttons saying things such as ‘turn off when...’, ‘turn on
~Hall Light 2 when..." or ‘lower the volume when...". These would then
¥ Downstairs Hall, Home - | act as templates for policies, where the user can simply fill
a) Lamp in the ‘when’ part of_ the policy to_ o_lescribe when the _event
L Office. Work @ should occur. On this same television page the user is able

to view what policies affect this particular television. €rh
possible triggers, conditions and actions are groupedhege
with policies listed for each. For example:

Turns on when:

Fig. 2. iPhone Application « Mary gets home from work.
o The DVD player is turned on.

Devices

devices and services by their type, with another tab allgwin V. CONCLUSIONS

the user to browse using locations instead. This section concludes the paper by evaluating the research

C. End-User Programming carried out and concluding what has been discussed.

End-user programming is an extremely challenging field, %s
introduced in section I-B. Because it is rare for non-techhi "~
individuals to be able to express their desires in an orgapnis The requirements in section I-C listed important aspects
logical and constrained manner, it is difficult to build syss needed for a home system that are now revisisted.
that support communication between such users and computet) Support New and Legacy Devices. Due to the existing
systems. All efforts must be made to simplify the languageide array of devices and technologies for the home, and
the user must work with to communicate with the systenthe high number of new devices continually arriving on the
yet remain constrained and unambiguous for the systemnmarket, it is crucial that a home system has an architecture
translate. which can support these devices. Homer exploits a service

Homer uses a hybrid of natural language and visual preemponent architecture, which allows the different device
gramming techniques. Natural language was chosen dueatwl software services to be treated as components, offering
its simple and easily understood nature for users. Visusgrvices to the system. Components within Homer have a plug-
programming was chosen due to its visually attractive styie style whereby they can be added, altered and removed at
and ease of interpretation by the system. An example of then-time.
success that can be achieved combining these techniques ldomer has been designed to support components written
found in CAMP [21], which uses a magnetic poetry metaphdwy third-party developers and companies. In the commercial
and allows users to visually piece together snippets ofrahtuworld this would encourage others to write Homer components
language to make simple rules for a video capture and accésstheir devices (similar to the highly successful Control
system. model, www.control4.com). Writing a component for Homer

The possible triggers, conditions and actions for devicés relatively simple, requiring little knowledge about Hem
and services within Homer can be composed to form policidself. The component must be written in Java, with the only
as described in 1I-C. Each term of a policy is a particulaequirement being to implement a HomerComponent class,
trigger, condition or action associated with a particulavide and the required methods to advertise the components tsigge
or service instance. Each term has an associated locatioonditions and actions.

Evaluation



Due to these design decisions Homer can easily supportt has been explained that Homer aims to meet the needs
new and legacy devices being added, edited and removedftoth telecare and home automation through core capa-
run-time, and being developed by third-party companies. bilities coupled with support for more specialised devices

2) Support Monitoring, Controlling and Automation: The and services. A flexible architecture has been introducad th
three main features of a home system are monitoring, centrallows components to describe key features of themseles. F
ling and automation. As descibed in the requirements sectiexample the triggers, conditions and actions supported by a
very few companies offer all three. Homer, however, fullgomponent make user control and configuration easy. New
supports all three features, and exposes these throughesin ggnd existing devices can readily be added or removed at run-
API for developers. This allows any third-party developer ttime, allowing the home system to evolve. Components are
write or create devices or applications which offer any dér ahlso dynamically integrated with policies as a means onigtt
of these features. users manage how the home should behave.

3) Suitablefor Non-Technical People: A home system must  The functionality of Homer is exposed through a platform-
be designed for all possible users, who are most likely gtingneutral interface that makes it possible to develop a widgea
be non-technical. This was taken into consideration thnou¢y of user interfaces. The application to telecare has been de-
the design and development stages of Homer, resulting seribed, with components appropriate to home care illtesira
a home system which has been designed for a user wittHomer has been designed to be simple for both technical
minimal technical knowledge. Through new methods such aad non-technical people to be able to use both locally
perspectives and disguised programming, Homer offersia trand remotely. By using novel techniques of perspectives and
unique set of interfaces for a home, specifically designed fdisguised end-user programming, Homer offers a significant
the non-technical user. benefits for both home care and home automation.
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