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Abstract. Elderly care is facing the challenge of the disequilibrium
between the increased number of old people and the low number of
personnel in the elderly care. The emerging pervasive technology has
revolutionised the way of assistance in elderly care. Current solutions
usually focus too much on technology, and fail to address the usability
issues. In this paper, we offer a comprehensive system for both elderly
care providers and elders. The system enables coordinators to manage
care-givers and elders in an efficient way to improve service quality. For
instance, care-givers can be scheduled in a real-time manner with mo-
bile phones. We also deploy several sensors in their homes to monitor
daily routines to ensure their safety. Alerts will be sent and accessible by
coordinators immediately once detected, then elderly care services can
be provided accordingly. We test our system in a real home for over 2
months. Finally, we offer a statistical study about the collected data and
the reported alerts.

1 Introduction

People are now stepping into population ageing society. The number of people
over 60 years old is over 0.6 billion world-wide. As reported in the State of Ageing
and Health in America 2007, by 2030, there will be 71 million American older
adults for roughly 20% of the US population. Even in developing countries like
China, they are also suffering from the population ageing problem. Important
overall problems regarding the elderly care are raising, causing by the imbalance
between the increased demand of healthcare and difficulties to recruit and retain
personnel in the elderly care [7].

With the rapid development of pervasive technology, the way of assistance
in elderly care has been revolutionised. A plenty of elderly care systems have
been developed to assist elderly people to live independently [2,5,8]. However,
current systems are often facing various problems, such as the usability issues,
and convincing solutions are still immature [5]. What’s more, the studies put
too strong focus on the technology, rather than the user perspective [2,4]. For
instance, elderly people are asked to wear several sensors in some current sys-
tems, which is uncomfortable in daily life. On the other hand, the ignorance of
the privacy issue also fails everyone to benefit from current solutions [4].
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Fig. 1. Overall system architecture (left) and three components of the smart home
part (right)

Different from current solutions which require no/less care-giver intervene al-
though it is proved caregivers play an essential role in assisting elderly care [6],
in our AQUEDUC [1,3] project, we provide a comprehensive solution for elderly
care companies to serve the elders more efficiently and more delicately. Specifi-
cally, for caregivers, they can be scheduled based on their states, and report their
tasks with mobile phones in a real-time manner. For elders, we apply pervasive
technology to monitor their daily routines (i.e. when to get up, eat, toilet, etc.)
to ensure safety. In summary, the main contributions of this paper are three-fold.

1. We develop a comprehensive system which can benefit both the elder care
providers (care-givers, coordinators) and elders. A natural graphical user
interface (GUI) is also developed to allow elders and care-givers to commu-
nicate with coordinators friendly and conveniently.

2. To ensure the safety of elders, several pervasive sensors are deployed in their
homes to monitor daily routines. Alerts can be sent to coordinators imme-
diately, then elderly care services can be provided accordingly.

3. We test our system in a real home for over 2 months. We further perform a
statistical study about the collected data and detected alerts.

2 Overall System Design

2.1 System Architecture

The goal of the AQUEDUC project is to build a system to manage coordina-
tors, care-givers, and elderly people in a better and more efficient way. Fig. 1
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(left) shows the system architecture. The system is composed by three main
service parties: coordinators, care-givers and elderly people. The communica-
tion between them goes through the AQUEDUC server. For the care-giver, with
the AQUEDUC mobile application, he can consult and operate his intervention
agenda. For instance, the care-giver can declare and modify his agenda with the
application. The details about the elder can be also known. For the elder, he
consult his agenda, send requests to the coordinator, and even edit his inter-
ventions by postponing or cancelling some of them. For the coordinator, he has
both desktop and mobile version of the application. He can create new interven-
tions, edit the existing plans, answer the elders’ requests, and provide necessary
services to the elders according to the alerts generated by the smart home part
which is installed in the elders’ homes. How the system works will be detailed
in the following use cases.

Anna is a coordinator in an elderly care service company. Bob is a care-giver
and John and Mary are two elders. One day, as planned, Bob has an appointment
and will go to John’s home to clean the floor for him. He consult the information
about John (age, home address, etc.) from the AQUEDUC server with his mobile
phone. Meanwhile, his state is reported on service. Due to the heavy traffic, Bob
sends 30-minute delay message to the server with his mobile phone. John will be
informed by a message that his next intervention has been postponed. This delay
will also appear to Anna in her control board. After arriving at John’s home,
Bob has to scan an RFID tag at John’s home with his mobile phone, and before
departure, he also has to scan again to record the time information about his
intervention which will be sent to the gateway automatically. Meanwhile Anna
knows that Bob’s state will be free and available to be scheduled.

Another day, Bob prepares to go to Mary’s home and cook meal for her as
scheduled. Before leaving, he is told that the appointment has been cancelled
because Mary made a Cancel request for this intervention from her GUI and this
request was validated by Anna.

For both use cases, the information about the next intervention which would
be displayed in the GUI will be updated automatically after the care service.

In addition, we also develop a smart home part which is installed in the elders’
homes. It can monitor the elders’ daily routines, and detect predefined alerts by
applying pervasive technology to ensure the safety of elders. The details will be
introduced in the next section.

2.2 The Smart Home Part

The smart home part is developed to ensure the safety of the elders with the
pervasive technology. It needs less intervene of care-givers and can monitor the
elderly people’s daily routines. Behaviours which deviate from their daily rou-
tines will be reported as alerts to the coordinators through the gateway. And
then necessary measures would be taken (e.g. emergency treatments or let the
care-giver check with the elders afterwards).

As illustrated in Fig. 1 (right), this part has three components: the context
manager, the deployed sensors, and the gateway. The working process is: 1)
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the data collected by the deployed sensors is firstly transferred to the context
manager; 2) the responsibility of the context manager is to infer high context
from the data got in 1); 3) the alerts if detected are then pushed and stored into
the AQUEDUC server for the access of the coordinator.

3 System Evaluation

3.1 Predefined Alerts and Sensing Logic

In the AQUEDUC project, we have defined nine alerts after interviewing several
experienced staffs. They are believed to be very essential in the daily life of elders,
and the detailed information can be found in Table 1. The first three alerts are
about the elderly people’s sleeping patterns, while the remaining alerts are about
their eating patterns. Note that the figures are configurable parameters and vary
among different elders. If these alerts are detected frequently, it is very probably
that the elderly people behave abnormally (e.g. suffering from some diseases).

Table 1. Detailed information about nine alerts and their respected sensing logic

ID Description Sensing logic

1 Get up before 9:30 am Use the presence sensor to detect
2 Get up after 9:30 am Use the presence sensor to detect
3 Go to the toilet at night for more than 4 times Use the presence sensor to detect
4 Fridge is not opened during 24 hours There is no light in the fridge
5 Fridge is opened for over 2 hours There is light in the fridge
6 Temperature inside the fridge is above 15◦C Temperature value is above 15◦C
7 Fridge is not opened during breakfast time There is no light in the fridge
8 Fridge is not opened during lunch time There is no light in the fridge
9 Fridge is not opened during dinner time There is no light in the fridge

With the raw sensing data, we can not know whether the alert is taking place
directly. We adopt sensing logic based on simple rule reasoning to infer high level
context (i.e. alerts). For example, the presence sensors which are installed in the
front of doors can detect when the elderly people enter and leave the respected
room (we assume the elders live alone). The time when the elderly people first
leave the bedroom in a day is the get up time. Alert 2 is also reported as we want
to know the specific get up time if they get up later because some elderly people
may pass away in their sleep. Alert 6 would be reported if the temperature value
in the fridge is above 15◦C, which is an indicator of the food condition in the
fridge. Sensing logics of alerts are listed in the third column of Table 1.

3.2 In-the-Field Testing

We tested our system in an elderly lady’s home from May to June in 2012, and
collected rich data.
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Fig. 2. Images of motion sensor (left) and temperature sensor (middle); Layout of the
apartment and sensor install positions (right)

Sensor Deployment. As discussed previously, three types of sensor are used
to detect the alerts, the presence sensor, the light sensor and the temperature
sensor. To detect alerts, we have deployed 6 sensors in total in the elderly lady’s
home, five Adhoco motion sensors, and one Adhoco temperature sensor (can be
seen in Fig. 2). One of the motion sensors is installed inside the fridge to record
its lighting condition, while the others are used to be as presence sensors. Fig. 2
(right) shows the layout of the testing apartment and sensor positions.

For all sensors deployed in our system, they have the same data format and
sampling rate. Their format of a single log is: 〈Sensor Tag, Value, Timestamp〉.
For the sampling rate, it has two different states. If the monitoring environment
stays unchanged, the sampling rate is one per hour; otherwise, it will have an
extra sample when the environment changes (i.e. the light/temperature changes,
a person appears/disappears under the presence sensor).

Statistical Study. Here, we give a statistical study of the data collected by
our system, and also the detected alerts as well.
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Fig. 3. Statistics information about the collected data (left) and detected alerts (right)

Our experiment began on 10th May, 2012, and ended on 12th July, 2012. The
system was turned off from 14th to 21st May. Fig. 3 (left) displays the data
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size information (measured by the number of sensor samples). We have totally
collected over 22,835 samples. The presence sensor deployed in the toilet (s4)
has the smallest number of samples, which coincides with the fact that elders
spend the least time in the toilet. The elderly lady moves frequently between
bedroom and living room, which leads to sensor s1 has the largest number of
samples. The temperature sensor (s5) has relatively more samples than the light
sensor in the fridge (s6), meaning the temperature in the fridge is more unstable
and changes more commonly.

Fig. 3 (right) shows the statistics of the reported nine alerts for the studied
elderly lady. There are totally 244 alerts have been detected during the experi-
mental time. No Alert 4 is detected, which indicates the elderly lady had a very
normal toileting pattern during night. Also no Alert 6 is reported as well, mean-
ing the food is always in good conditions. The most reported alert is the Alert
5, that is, the elderly lady often forgot to close the door of the fridge.

4 Conclusion

In this paper, we present an elderly care system which can benefit both the
elderly care providers and the elders. For instance, it enables coordinators to
schedule care-givers real time. Also the service hour of care-givers can be recorded
and transferred to the AQUEDUC server automatically.

For ensuring the safety of elders, we further build a smart home part in the
elders’ homes to monitor their daily routines. We evaluate it in a real home for
over two months. This part can detect nine alerts, which are believed to be quite
important for elders. We further make a statistical study on the collected data
and detected alerts. Finally, we have collected over 22,835 sensor readings and
detected 244 alerts.
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