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a b s t r a c t

Our modern societies are confronted to a new growing problem: the global ageing of population. In order
to find ways to encourage elderly people to live longer in their own home, ensuring the necessary vigi-
lance and security at the lowest cost, some tele-assistance systems are already available commercially.
This paper presents an embedded prototype able to detect automatically the falls of elderly people while
monitoring their motor activities. The classification algorithm using an artificial neural network, the com-
munication and location capabilities of this system are specifically highlighted. In the last part, some
experimental results and social issues stemming from Gerontologic Institute Ingema are discussed.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Our modern societies are facing a new growing problem: the
global ageing of population. Within few years, almost half of the
population is expected to be over 50 years old (Commission of
theEC, 2006). This situation brings many associated problems, such
as the caring and the improvement of the quality of life of elderly
people. Indeed, elderly people do need assistance in their day-to-
day life, and providing them with this assistance is not an easy
task. Today, different options to take care of old people exist.

Old people can live with the rest of their family, which gives
them the support they need in their activities of daily living
(ADL) (Judge, Ounpuu, & Davis, 1996). This situation is often dif-
ficult to bear, both for the family (due to the constant attention
old people may need) and for the elderly (Hanson, Teltley, &
Clarke, 1999).

Old people can stay at home and receive support from pro-
fessional carers, allowing them to maintain a high quality of life
and satisfaction. But this solution may be expensive to the so-
cial services, and it does not ensure full time vigilance of the
elderly.

Old people can be admitted in a nursing home, which is most
often not well accepted by the elderly themselves. Furthermore,
places in specialized centres are becoming limited and can be very
expensive.

The general social politic in our societies is to find ways to
encourage elderly people living longer at their own home,
ensuring the necessary vigilance and security at the lowest cost.
Automatic devices to monitor and assist elderly in their activi-
ties of daily living (ADL) seem to be a good solution to reach
this objective. The European supported CRAFT project HEBE
goes that way.

1.1. Description of the HEBE project

The main objective of the Hebe project is to provide a new assis-
tive device dedicated to elderly people for helping them to live
longer in better health at home, including more autonomy and
safe. The system performs different functions giving support to
the elderly in their activities of daily living:
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U Automatic fall detection: the system is able to automatically
detect a fall event, and send an alarm to a call centre with
all the necessary information relative to the user and fall.
Then, the call centre contact immediately after the elderly
person and send the appropriate emergency assistance.

U Activity monitoring: the day-to-day motor activity of the
elderly is monitored in order to find out any abnormal daily
activity so that staying in bed longer than usual or at home
as well. Thus, an emergency call will be transmitted to the
patient for getting assistance if needed.

U User localization: the device has to provide a user real-time
localization (via GPS service) to the call centre when needed
(when a fall occurs, or the user is getting lost and asks for
assistance for instance).

1.2. Technology to the rescue

Many recent research activities about devices dedicated to help
elderly people living longer at home, in better health (giving them
more autonomy and safe) are led. These works are most of the
time, technological answers to a specific issue or pathology of
the person (Martin & Rankin, 2002). The main issues of these tech-
nologies are: activity monitoring, fall detection and user localiza-
tion. We propose to highlight how HEBE addresses the challenge
in the next paragraphs.

1.2.1. Automatic fall detection
Fall detection devices are already in use in several nursing

homes. Most of technical solutions are based on acceleration sen-
sors. The main difficulty of this issue is the classification and fall
detection algorithm. Solutions currently available are most of the
time limited to indoor use. The HEBE device has been designed
to automatically detect a fall event and send an alarm to a call cen-
tre with all the necessary information relative to the user and fall
in both indoor and outdoor environments. The call centre can con-
tact the elderly person and send the appropriate emergency
assistance.

1.2.2. Activity monitoring
This field of the technological help aims at giving to the carers

the best information about daily activities of the patient. Systems
currently available to monitor activities often need a set of house
sensors meaning an important cost of equipment (‘‘ADLife” and
‘‘Quiet care” from Tunstall� for example). The HEBE project allows
with a single device to monitor the day-to-day motor activity of
the elderly while analysing and detecting any abnormal daily
activity.

1.2.3. User localization
Some telehealth systems are already available on the market.

The main target of these devices is the Alzheimer’s disease (Aloize
system from IGL for example). The most usual one is the telehealth
service that requires the user to press a button for triggering an
emergency call. In the case of a fall causing loss of consciousness,
such a system is unable to warn the call centre. The HEBE device
avoids this issue by carrying out a user real-time localization (via
GPS service) transmitted to the call centre when needed (when a
fall occurs, or when the user is lost and asks for assistance for
example).

The system developed in the Hebe project makes the difference
by integrating a set of unseen functions: complete activity moni-
toring, outdoor user localization via GPS, indoor and outdoor uses
via global wireless communication networks (GSM/GPRS). No com-
mercial product currently offers such services yet. Such a complete
system brings benefit to the user by allowing improvement of their

quality of life without limiting their activity (non intrusive and dis-
crete system, indoor and outdoor use, etc.).

2. The HEBE project

Focusing on the technological side of the project, the integration
of all these functions to a small, light, user-friendly portable sys-
tem is a very challenging task. The architecture of the HEBE device
includes:

U A mobile module worn by the user, which performs activity
monitoring, user localization and automatic fall detection. The
mobile module also integrates a ‘‘Panic Button”, which allows
the user to cancel an automatic alarm (if the situation does not
require assistance), or to send a user generated alarm in case of
necessity. The major technologies implemented are bi-axial
MEMS accelerometers for activity monitoring, GPS receiver for
localization, and GSM/GPRS communication for data sending.

U A call centre, including TCP/IP Server, receives the informa-
tion from the mobile module (via GSM and GPRS), analyses
and saves it. The call centre also identifies the emergency sit-
uation and manages emergency procedures.

Furthermore, bi-directional voice communication is imple-
mented between the call centre and the user through the mobile
module. This function provides to the carers working in the call
centre a point-to-point communication with the user in case of
emergency, in order to coordinate and optimize the emergency
means. Fig. 1 describes the communication architecture.

2.1. Functional overview

Fig. 2 shows in a schematic way the different functions the sys-
tem designed in the HEBE project will perform:

U 1: user localization and trajectory monitoring,
U 2: activity monitoring,
U 3: automatic fall detection,
U 4: medical assistance and survey,
U 5: emergency assistance and support.

Data for functions 1, 2 and 3 are acquired by the mobile module, and
transmitted to the call centre, which also performs functions 4 and 5.

3. Activity monitoring

Normal ageing is characterized by functional changes in sensory,
neurological and musculoskeletal systems (Fried et al., 2001). These
changes affect motor tasks including postural balance and gait that
are the main predictors of the risk of falling. Moreover, understand-
ing the user’s preferences and having an overall view of falling issues
is essential to develop a product that meets the user’s needs.

3.1. Fall analysis

The etiology of falls is multifactorial and the demographics is like-
wise somewhat complex. Falls are a very frequent pathology of the
elderly and most of the time they have bad consequences. Nowadays
this phenomenon is known as one of the great geriatric syndromes
due to its frequency, the consequences involved and the possibilities
of preventing them (Ramos, Simoes, & Albert, 2001).

Falls are the first cause of accidental deaths in people over 65
years old. It means nearly the 70% of the accidental deaths in peo-
ple over 75 (Fuller, 2000).
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