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Abstract

The range of pervasive computing technology avkel&dy use in healthcare continues
to evolve, allowing for an increasing variety of@less sensors, devices, and actuators
to be cost effectively deployed in smart, contextsge environments. One area that is
of compelling interest for the application of theghnology is independent living of
the elderly. An independent living environment retalsupport an individual's
healthcare needs and activities of daily living (APwhile extending social
interaction, environment control, and informatiéow to care giver and family
communities. This must be done without compromisingndividual’s medical care,
safety, privacy, or security and should allow asividual to maintain maximal
independence. Continuing variations in cognitimd physical capability must also be
considered. Current context-aware pervasive comg@mnvironments only partially
address these requirements.

This paper surveys current pervasive computingareseactivities in this area and
introduces research on an architecture for a psevasmputing infrastructure to
realise independent living environments. The iriftature will allow context-
sensitive adaptive interfaces to assist individuath tasks and provide alternate
modes of interaction with common devices such asmes, microwaves, and
televisions. It also considers the community pebdhat define what access rights,
degree of control, and interactions, caregivemsndts, and family have with the
environment in normal and extraordinary situatiortgese policies will influence the
context-aware behaviour of the independent livingirenment and can be used to
shape interface adaptation, trigger social or spegific interactions, guide daily tasks,
and support health-care or other sophisticatedoexeent-living applications.

The work reported in this paper has been funded in part by the
Co-operative Research Centre for Enterprise Distributed Systems
Technology (DSTC) through the Australian Federal Government's
CRC Programme (Department of Education, Science and Training).



Introduction

In many countries, such as Australia, the percentdglders in the population
continues to increase. This ageing population, witheasing longevity (Booth and
Tickle, 2003), will place increased demands ontheedre systems and require greater
assistance from health-care and family member camitres to live outside of full-

time care facilities.

From a social perspective maintaining an indepenidfestyle is important to the
quality of life of elders (Hirsch et al., 2000)dadecreasing independence can have a
profound impact on the quality of life of familyregivers (Consolvo et al., 2004).
From an economic viewpoint, maintaining indepenéeran help contain health-care
costs by reducing the health-care episodes regumtervention, hospitalization, or
ultimately placement in full-time care facilities.

It is desirable to use increasingly available psmeacomputing technology to support
the independent living of the elderly. Pervasivenpating describes environments
where ubiquitous computing devices “vanish intolthekground” (Weiser, 1991)
assisting individuals with their activities and ¢ganot forcing a focus on the use of
the technology itself. Many pervasive componenthsas location sensors, motion
sensors, cameras, home-automation and securignsystre already being deployed in
homes. Newer generation mobile phones and compdémwges with wireless
networking capabilities are expanding the usageasa®s, processing power and
communications capabilities of these componentxi&ss that make use of the
context information reported by these componenish s location, identity, activity,
temperature, and heart rate, may be designed wdprondividualised assistance to the
elderly in home environments. It is important ttregse services work in concert to
support the individual and their care communityaimunobtrusive and natural fashion.

In this paper, we describe the current state oathen providing IT-technology based
support for independent living. We also show hawhssupport can be further
increased by an integrated context-aware envirohfoeindependent living (CAE-
IL) which (i) can process and utilise contextudbmmation created by sensors and
appliances, (ii) ensures the required level otiggcand privacy, (iii) utilises user
profiles and preferences when making any decisaosit the help required by the
elderly, (iv) provides multimodal interfaces to #ervices and selects appropriate
mode of interfaces depending on the need of therlg|cand (v) allows remote and
flexible adaptations of caregivers roles and resjimlities.

The structure of the paper is as follows. Sectisur®eys current research in the area
of smart home environments and applications foepashdent living while Section 3
presents the requirements for a CAE-IL and a nehit@acture that meets these
requirements. Section 4 concludes the paper.

Independent Living Research

Many research projects have focused on developagific assistive technologies for
the elderly or developing a better understandindhefissues associated with use of
technology by elders. For discussion purposes,whiéype grouped in this paper
around four broad categories: application of sensmsupport independent living,
remote accident and health monitoring, activitglaily living (ADL) support, and



social interaction support. In addition to discassof the existing solutions, we also
describe further issues which need to be addreéssagpport independent living.

Examples of sensor environment research include €hal., (2002) where an infrared
(IR) sensor system was developed to monitor patieoicturnal mobility in an
assisted-care facility to support future healtlecgplications. The sensor offered
coarse-grained location information and duringahitesting at a hospital showed
good agreement with information manually recordgdirsing staff. Helal et al.,
(2003) describe an ultrasonic based location sesystem designed as part of an
independent-living research home that promises maeise location information but
would require an individual to wear two transmiitineacons. In Sixsmith and
Johnson, (2004) thermal-imaging sensors were usétation and motion sensors for
use in an automatic fall detection system. In fagusip studies to evaluate the
desirability of the system, it was noted that & latunderstanding of how the
technology worked influenced acceptance of theesysEor sensor environments,
consideration has to be given to the privacy isssigsh as how precisely and to whom
location information can be reported or how muctrgeinformation a thermal (or
video) image might contain. Also important, are sbeial implications of certain
technology designs, such as the use of locatiosirggpendants or badges that would
have to be worn at all times. Hirsch et al., (20@€9cribe a reluctance of elders to use
technologies that have an assistive stigma assdomith them.

Several projects investigate health and accidemiitoring in an effort to take system
capabilities beyond the first generation, persoegpponse systems described by
Doughty et al., (1996) that were often a manuatlyvated emergency call button
worn on a pendant by the individual. CSIRO’s Haapiithout Walls (Wilson 2000)
initiative undertook to monitor blood pressure, heate, and fall sensing. A low-
power wireless monitoring device worn by the indial transmitted heart rate and fall
sensor data, and included a panic button. (The OFIERSIMON research stream
extends the sensor and communication capabilhi@snew wireless monitoring
device.) Jimison et al., (2004) investigated tlesileility of monitoring the computer
interactions of elders to gauge cognitive healttis particular work focused on using
computer games, but in principle is extensibletteocomputer or device (e.g.,
television remote control, microwave) interactioimsDas and Cook (2004) an episode
discovery algorithm is run over collected enviromta¢ sensor data to identify longer
term trends that may be indicative of deviatiomsrfiroutine related to health care
conditions that may require intervention. The sssa# these types of systems is
dependent on the ability to accurately interpresee events in context to obtain
appropriate assistance for an individual in norama emergency circumstances while
not triggering false alarms that result in unneagsdisruption and intrusion into an
elder’s life. This better positions the systemdoceptance as it is seen as a safety net
that does not prematurely compromise independence.

Research on assisting with ADLs focus on mimisinglder’s day to day dependence
on family and professional caregivers. Examplekige a computer-controlled
microwave oven (Russo et al., 2004) that is equippieh a radio frequency identity
(RFID) reader that can assist with cooking foodskpged in containers with RFID
tags. It works in conjunction with the other seeddn the smart home environment
described previously (Helal et al., 2003) and tteus track the location of individuals
throughout the house and prompt them on a nead®owdisplay when a meal is



ready, or a cooking step, such as stirring, isirequElders with various impairments
(e.g. poor vision and hearing, memory difficultiesdk part in a usability study with
the majority stating it would be desirable to haueh a system in their homes. Pollack
et al., (2003) developed a mobile robot that hadraboard planning system to aid in
prompting elders about daily activities such asngednd taking medicine. The
planning system used inputs from the robot’s sengpdetermine when certain events
had likely occurred. Additionally, as the robot vespiipped with highly accurate
position sensors, it could help elders navigatmfome location to another. The robot
has been field tested at a retirement communityl. APplications such as these are
highly dependent on the context information (eogation) available to them and can
benefit greatly from being fully integrated inteethome environment where they can
utilise context information provided by the othengonents (sensors and higher-level
services) to affect their operation.

The manner in which ADL services interact with etdeeeds to be flexible and take
advantage of multiple methods of communicationtryPet al., (2004) discuss the
implementation of a telecare system that suppout§modal user interaction via
audio, video, input device, or by observation ofimnmental sensors. Morris et al.,
(2003) note that common, familiar surfaces suctefigerator doors and tabletops
could be exploited as interfaces.

The final research category to be considered tsahsupport for elders’ social
interactions and family community. Mynatt et a20Q1) describe a digital family
portrait, by which a picture of a remote family m@anis situated in a dynamic video
frame that provides qualitative icons represenéimgmote person’s daily life. This can
be used by family members to check on an eldeigérece. Portraits of others may
also be placed in the elder’'s home to provide away awareness and connection. An
alternative system, the CareNet display (Consotal.e2004) surrounds a digital
portrait with icons that expand to provide detail@rmation relevant to the elder’s
care. It is designed to increase communication éetwnembers of the caregiver
community, who can have varying degrees of resjpditgj and allow for better
coordination of care related activities. In bothiw#se projects, appropriate sensor
technology was not available to automatically updle displays. They were updated
manually after interviews with test subjects. Sbsigport and other applications that
involve communities (e.g. family, friends, and hibadare professionals) must take
into account the specific, dynamic, roles of comityumembers, privacy
considerations in sharing information, and the gneices of individuals concerning
the operation of the system. To be effective tHeg sequire environments with
adequate sensor instrumentation.

Integrated, Flexible Environment for Independent Living

The representative research initiatives describede highlight some of the key
research areas for successful use of pervasiveuworggechnology in independent-
living environments. However, these research coraptsindependently do not create
a viable independent-living environment. It is resagy to address the issues identified
in the previous section and integrate all of theyponents into a flexible, extensible
environment. This environment must accommodategeraf sensors, services, and
fully consider caregiver community interaction. \Afe beginning research on such a
CAE-IL architecture, as illustrated in Figure lintludes processing of context
information from a variety of sensors, applian@s] services. It supports mediating



access to actuators (e.g. oven controls) by am @dether system components.) It
features explicit privacy and security managemeéser and community preferences
and profiles aid services in making context-sevesitiperating decisions, such as when
to make an emergency call for help. Interface aatapt can be configured to
dynamically support alternative multimodal methodlsteraction for applications
and household devices (e.g. ovens, televisiong)g®)o The architecture supports
adding new applications as plug-ins, so as newpi@d@ent-living services are added
they immediately take advantage of existing faesitsuch as interface adaptation.
Management of system configuration, caregiver sgind responsibilities occurs
through adaptive interfaces appropriate for hezdtie and family community
members who are not technology specialists. Tlelit@&cture should provide elders
with a cohesive environment to support their incheleat living.

Care Community Conflg#&aﬂon ADL Applications
Role Management Control Applications

Security & Privacy . —
Policies Social Applications

) User Managing
Profiles & Preferences Home Appliances

Interface
Adaptations

' |

Context-aware Infrastructure

ﬂ\ Sensors and Actuatli% \

Location Light Other o Room Other
Sensors Sensors Sensors ven Light Actuators

Health Monitoring

Figure 1. Context-awar e Environment for Independent Living Architecture Overview

Conclusion

In this paper we have examined the potential fovamve computing technologies to
be applied to the domain of independent livinghef €lderly. We have surveyed
current research efforts and identified indepentieinig environment requirements
and areas for continuing research. We then desttiteeneed for an integrated,
flexible context-aware environment for independammg (CAE-IL) and introduced
new research on a CAE-IL architecture.

CAE-IL systems will help realise government andusidy ageing in place policies and
initiatives. Future industry standardisation wodltitve down cost, and provide
opportunities to economically offer CAE-IL compaéhome appliances, devices, and
support services. It is hoped that the future dseioh CAE-IL systems will indeed
provide for an improved and extended quality & fdr elders and their families,

while realising a genuine cost savings over instihalised care.
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