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Abstract

Objective A symptom often associated with early stage dementia is the
misunderstanding of context. This may be inability to match activities of daily
living to time of day and can manifest by wandering behaviour, at dusk or during
nighttime. This behaviour is certainly inconvenient to the carer, but can be
dangerous should the person trip, misuse a domestic appliance (e.g. cooker) or
leave the dwelling. Technology has been used to assist people with dementia.
Commercial systems deploy sensors that can raise an alarm and allow a remote
carer to intervene via an intercom, for example. In this work we seek to extend the
technology to provide reassurance and guidance to the client. In this case the client
can be the person with dementia, but the beneficiary may also be their carer.

Main Content A person may engage with wandering behaviour, possibly because
they forget their intended goal. This is of course exacerbated by early stage
dementia. Sensors such as movement detectors can trigger actuators to provide
lighting guidance, for example. Reasoning systems use rules and utilize context to
decide whether the recorded behaviour is intended and legitimate or unintended
and potentially dangerous. The rules can be preset and supported by collected data.
The decision on when and how to intervene in a particular situation is complex. In
this case the reasoning system may need to utilize context to provide a reasonable
result, and hence compensate for the misunderstanding by the individual.

Results In this study, which has been undertaken in the Nocturnal project, we
discuss the use of software agents, which monitor ‘restlessness’ and ‘wandering’
to determine the rules for subsequent intervention. The intervention should be
initially advisory, e.g. using lighting to guide a wandering person back to the
bedroom during the hours of darkness. However there should be an in-built safety
procedure, which alerts a carer, should the person ignore advice and potentially put
himself or herself in a harmful situation. The guidance technology supports the
carer, and seeks to assist the cared for person, in a beneficial manner.

Conclusion The technology to implement sensing and guidance is available. In
order to utilize this technology for assistance with early stage dementia requires
the development of supporting software (agents) and rules of engagement. In any
case the necessity of back up assistance, a human carer, is still a requirement.
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Introduction

The prevalence of dementia is increasing, and this effect is exacerbated
by an increasing proportion of people in the population over the age of
65. Knowledge for early diagnosis is increasing, with simple on-line
cognitive tests becoming available [1] Treatment, including diet and
drug, may be used to control and manage the condition more effectively.
Technology also has a role to play to assist the person with dementia and
their support network.

Research into the needs of people with dementia has produced

solutions to support activities of daily living (ADL) using information
and communication technologies (ICT). Projects include the ENABLE
and COGKNOW projects. ENABLE assessed (Enabling Technologies
for People with Dementia) the effect of assistive devices to support
memory, to provide pleasure and comfort, and to facilitate
communication. Issues with regard to their quality of life, and the burden
on their carers were addressed [2]. COGKNOW developed a system to
support people with remembering, maintaining social contacts,
performing daily activities and feeling safe [3]. These projects focused
on the needs of people with dementia, but primarily during the hours of
daytime.
Nocturnal addresses the needs of people with dementia at night time, an
equally important time [4]. People with dementia have irregular sleep
patterns, often suffering from insomnia [5], and are more likely to
‘wander’ causing distress to themselves and their carers [6]. At night,
most of the ADL activity should in the bedroom and bathroom. ICT and
assistive technology has an important role in supporting the carer of a
person with dementia during night time. This can be by providing an
intervention that alleviates the burden enabling them to achieve better
sleep, or by assisting the carer in supporting the person with dementia by
automating some tasks.

The person with dementia may have a much more pronounced and
immediate need for help and support as they awake in an unknown, dark
environment. While not an emergency, the sensors and actuators are
capable of quickly creating an intervention that moderates the anxiety of
the person with dementia. During night the actuators can manage the
lighting to provide illumination and lighted guidance to the bathroom
and back. In addition to light, sound can play a more important role. In
particular, the use of music as a therapeutic intervention has been shown
to reduce anxiety [7]. Better lighting can also play an important role in
reducing the risk of falls.



A Rowntree Foundation report [8] made recommendations for home
management of older people. These recommendations were to ensure
that, where appropriate, relevant technology should be used, for example,
guidance around noise, light, safety, silent call system, as well as to
ensure that systems are in place for night staff to have all the equipment
and facilities required to provide good night time care.

1. The Nocturnal system

The Nocturnal system is focusing on the detection of restlessness, bed
occupancy and wandering and therapeutic interventions. The system
technological infrastructure is based on X10 technology, which provides
deployment at an affordable price. The hardware components are
available from companies such as Tunstall®. Pressure mats can be used
for sensing bed occupancy, PIR sensors for detecting wandering and
actuators to control the lighting comprise the hardware. The sensing and
actuation platform is controlled by tablet PC (see Figure 1).
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Figure 1. Nocturnal components comprising tablet PC, sensors and actuators.
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The Nocturnal decision making process relies on the interaction of
intelligent agents, summarized in Figure 2. Agents have been
programmed for detecting bed occupancy, restlessness, and wandering
under the control of a coordinating agent. The therapeutic and
intervention agent can address the situation by turning on lights for
guidance or music for calming, but it also has communication facilities
to corers for an escalating situation.

The system tries to understand the environment through the data
from the sensors. This data can be partially processed and acted upon
through a local Decision Support System (DSS). The information is also
uploaded to a server, where more complex Intelligent Data Analysis can
be conducted. The result of that analysis can trigger actions of the
system, such as contacting healthcare professionals, carers and the house
occupants (including the person with dementia). Healthcare
professionals and researchers can interrogate the database for more
complex data retrieval [9], [10].
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Fig. 2 Monitoring Agents associated with NOCTURNAL

Tracking the client within their home is one of the most important
goals. Receiving data from any of the sensory equipment helps to pin



point the location of a client, which in turn will enable the system to
serve the client better. One PIR is located in a corner of each room,
positioned to ensure that each PIR will not detect the client’s movements
in any other room. Pressure strips, approximately 1m long by 5cm wide,
are used as a bed sensor. Door contact sensors are located in the kitchen
area to measure the opening and closing of the fridge, food cupboard and
front and back doors. Voltage sensor adaptors can also be connected to
plug-in appliances and are used to measure frequency of usage.
Appliances currently being monitored are the kettle and microwave. All
sensory equipment is attached to a Remote Call box, which collects the
data (appliance identification, time and duration of use) in Comma
Separated Variable format, for upload to a secure server. Whenever an
emergency is triggered, the Call box puts out or receives a call from the
healthcare team at FOLD Telecare®, who provide current home
healthcare to elderly people in Northern Ireland.

The aim of the completed network will be to have a sensor enriched
environment, which will aid the client by introducing ambient control
mechanisms  throughout the house (e.g., wusing the XI10
communication/automation protocol to control lighting). Whatever the
client decides to do at night will be aided in a number of ways. The
system supports the current setup, where the healthcare team (from
FOLD) remotely monitor the status of sheltered dwellings and can
respond to an emergency request or alerts (e.g., fall pendant alarm
pressed) by telephone.

Additional features focus around providing greater guidance.
Sensing will help to automatically control the lights in a number of
beneficial ways, subject to conditions. Firstly it will ensure any areas
the client wanders into lights up. Not only will the new room light up but
it will also maintain an illuminated pathway back to the safety of where
the client ought to be. More complicated lighting guidance algorithms
will be developed to also encourage clients to follow a logical path when
needed, for example lighting the way to the bathroom to ensure that the
client is less likely to wander off to another location instead.

Whilst the system will react with real time solutions based on real
time sensor input and short term recorded pattern deviations, it is
possible that a tailored healthcare plan from professionals can be
developed as a consequence of the sensory information gathered over
much longer periods.

3 http://www.foldgroup.co.uk/



2. User acceptance

Nocturnal provides assistive technology, which aims at improving the
quality of life of people with dementia, whilst at the same time
preserving privacy. This could pose a threat to personal dignity as data
on activities of daily living, e.g. duration of sleep, wandering and
toileting van be sensed and evaluated with respect to what is ‘normal’.
An ‘abnormal’ activity will require the system to respond by alerting a
carer, or possibly by the direct use of technology (lighting or audio
prompt). A report to the Information Commissioner [11] provides the
following commentary: “We live in a surveillance society. It is pointless
to talk about surveillance society in the future tense. In all the rich
countries of the world everyday life is suffused with surveillance
encounters, not merely from dawn to dusk but 24/7.”

When asked about ‘quality of life’ issues, older people’s first
preference is for “comfortable and secure homes” [12]. Whilst accepting
the potential for intrusion, the ethical dilemma is to weigh up the pros
and cons of such an intervention. A 2009 report from the Alzheimer’s
Society, addressing healthcare in hospitals, stated: “Keeping people with
dementia at home for longer, is normally the preferred mode for the
person with dementia and their carer. Poor hospital care also had a
negative impact on the people's dementia and physical health. The
majority of people with dementia leave hospital worse than when they
arrive with a third having to enter a care home as they are unable to
return home.” It also argued the economic perspective. “At least £80
million a year and probably hundreds of millions could be saved if
people with dementia are enabled to leave hospital one week earlier.
Hospitals must commit to reducing the length of stay if we are to stop
people with dementia deteriorating in hospital and lessen the chance of
people being discharged to a care home”

However there is also a danger that by increasing the amount of
technology that we could contribute to social isolation; by reducing the
need for interaction with carer, and health care professionals. Nocturnal
assistive technology and telecare can orientate the person that it is day
time or night time, switch on the lights automatically if the person gets
up at night, alert a carer or monitoring centre that the person needs
assistance. This can potentially free carers to spend time with the person
and it may enable a carer to get a good night rest, knowing that if the
person gets up at night they will be alerted. Here technology can
hopefully benefit the individual. However the Trent Dementia Services
Development Centre [13] stated: “If assistive technology does not meet



the individual needs and preferences of the person it may be ineffective
or may even cause additional confusion or distress. For example,
assistive technology and telecare may not be the answer if the person
switches off or unplugs the equipment, the person is confused or
distressed by any alarm sounds or recorded messages, or if there are
insufficient carers or care workers to respond to an alert.”

Assistive technology on its own cannot provide human contact and
personal care. Many older people experience loneliness and social
isolation. Ideally technology should be provided as an addition to
contact, not as a replacement. Potential for bad can be reduced by
involving people with dementia, carers and healthcare professionals in
the design process.

3. Conclusions

The Nocturnal system provides support for people with dementia at
night. Previous developments in the area focused on isolated factors or
dimensions of the problem, using only one sensor (e.g., pressure pad),
considering only one area of the house (e.g., bed) or condition to be
monitored (e.g. restlessness). Nocturnal aims to provide a more holistic
approach with a combination of sensors and devices covering a whole
house and several important situations of concern. The sensing
component is based on off-the-shelf solutions [14]. The ‘understanding’
component is crucial to beneficial use, and linked to concepts of data
analysis, data visualization, data mining and Aml [15]. One other
important element of the system is the guidance offered in the way of
warnings and alarms to the call centre but also in the form of reassurance
and help through multimodal interaction (audio-visual reminders, advice,
orientation, etc.) that helps the house occupant to stay safe at home. The
development of the system is based on an intelligent multi-agent system,
which associates agents with monitoring and intervention tasks.

Recent developments in the assistive technology industry have made
available technology that can be used to deploy new applications closely
related to the needs of people’s daily lives. Policy makers in the
healthcare system have been also gradually moving the focus of
healthcare from the traditional hospital focus to the home. At the same
time, our society have become accepting of technology (mobile phones,
GPS technology in the car, computers and Internet at home) that can be
used to assist our daily lives. These factors paved the way for the use of
technology that can provide assistance at home to increase independence.



This is particularly meaningful for older people, especially if they are
affected by chronic conditions, such as dementia.
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