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Abstract: A robust method of fall and motionless detection is
presented. The approach is able to detect falls and motionless
periods (standing, sitting, and lying) using only one belt-worn
kinematic sensor. The fall detection algorithm analyses the phase
changes of vertical acceleration in relation to gravity and impact
force using kinematic variables. A phase angle value was used as
a threshold to distinguish between falls and normal motion
activity. There are two advantages with this approach in
comparison with existing approaches: (1) it is computationally
efficient and theoretic (2) it is based on a single threshold value
which was determined from a kinematic analysis for the falling
processes. To evaluate the system, ten subjects were studied each
of which performed different types of falls and motionless
activities during a period of monitoring activity. These included:
normal walking, standing, sitting, lying, a front bend of 90
degrees, tilt over 70 degrees and four kinds of falls (forward,
backward, tilt left and right). The results show that 100% of
heavy falling, 97% of all falls and 100% of motionless activity
were correctly detected in a laboratory environment and the
beginning and ends of these events were determined.
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L INTRODUCTION

Chronic diseases, such as heart disease, stroke, cancer,
diabetes, renal failure and chronic pain are the leading cause of
death and disability [1]. In addition, they represent an
economic burden for the government and its health and social
care provision. Today heart disease and stroke are the top 2
causes of death [2]. In addition, chronic pain is a common and
frequently disabling problem in older adults [3].

Walking is an important way to perform physical
exercise for people with chronic conditions or elderly people.
Nevertheless, those who suffer from a chronic disease are at a
high risk of experiencing falls during normal walking activities
[4]. More specifically, people with CHF (chronic heart
failure), stroke and CP (chronic pain) may suffer a form of
abnormal heart rate or abnormal balance and gait disorders.
These symptoms lead to the increased risk of falling during
completion of daily activities. In addition, 32% of people over
75, have experienced a fall at least once a year with 24%
encountering serious injuries [5][6]. Moreover, persons
experiencing frequent falls may experience a change in self-
confidence and motivation, affecting their ability to self-
manage their own condition [5]. In instances of falls, reliable
and immediate detection of the fall itself is important to ensure
that the person may receive assistance as necessary.
Approximately 3% of all persons who experience a fall will
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remain on the ground for more than 20 minutes prior to
receiving assistance [7].

To reduce the impact of falling it is important to
distinguish between falling and daily activities. The provision
of real-time alarm message delivery will be beneficial for
people with chronic conditions and those wishing to live
independently. This research aims to develop a walking
monitoring system for patients suffering from chronic diseases
(CHF, stroke and CP) who are empowered by home based self-
management. The ability to categorize activities of daily living
(ADL) from sensor data is an important goal. In this study we
embark upon this goal by developing a robust algorithm to
distinguish falls and periods of inactivity from other activities.
Initially we study a group of healthy volunteers using a belt
worn sensor.

II. RELATED WORK

Automatically monitoring abnormal ambulatory
activities of people with chronic conditions and the elderly
using small and lightweight sensors is an important issue for
self-management applications [8]. In the case of older people
living independently, there is a particular need for monitoring
their daily activities, along with instances of a fall and/or
motionless (standing, sitting and lying down, etc.). The early
detection of abnormal walking and gait patterns coupled with
the delivery of real-time alarm messages can help to obtain
timely assistance and promote self confidence in undertaking
these important activities.

Accurate fall detection with real-time alarm delivery has
been the main challenge for walking based monitoring systems.
Many studies have been undertaken which have addressed fall
detection using different technologies. These technologies can
be broadly classified into three main categories: @ video
recording and image analysis via one or several cameras based
on the identification of some image features [9]; @acoustic
frequency analysis via the analysis of audio signals [10]; ®
data analysis based on the features extracted from the wearable
sensors. For the video-based activity monitoring system, the
main disadvantages are the need to install cameras in each
room of the house and in fixed locations. Such surveillance
may be viewed as being too intrusive and given their fixed
nature are not suitable once the person leaves their own home
environment. Methods based on audio signal analysis have
been reported to offer lower accuracy for fall detection and
may be viewed as a subordinate approach in comparison with
the other methods [11]. The wearable sensor approach is one of
the most attractive methods. It is low-cost and can be worn
with ease allowing a subject to be monitored both within and















events. The phase threshold that could be used to correctly and
quickly identify all different types of falls, with 100% accuracy
was obtained for the heavy falling (dangerous-fall). There is
one failure for the slowly and lightly falling (sitting down on
the ground).

In this phase, the motionless activities such as standing,
sitting, and lying were distinguished as the same activity i.e.
motionless. Our future work will address the processing and
classification of the standing, sitting and lying activities. This
will require further signal processing from the signals provided
by the MTx, feature identification and extraction and
classification of activities. Activities of daily living may then
be inferred, possibly with the assistance of other home based
Sensors.

Most of the current wearable sensor based fall detection
systems that used one or more sensors attached on different
body segments (e.g. chest, thigh, head behind the ear, waist),
adopted two or more thresholds to monitor and distinguish falls
[14][15]. Usually, these systems obtained their thresholds by
calculating some peak values such as peaks for upper or lower
acceleration along with angular acceleration and angular
velocity peak values. Nevertheless, if the same person performs
the same activity only in different situations (such as different
speed, fall down from different height, falling into different
circumstances e.g. hard ground and soft mat), the system will
obtain different peak values for the acceleration or angular
acceleration. So a peak value may be 100% accurate for the
falling to the ground situation, but not guaranteed for the
falling to a sofa situation, for example. In fact, realistic falls
that may occur in various situations for elderly population in
real daily life.

In conclusion, a fall detection system has been proposed
and verified with 100% accuracy obtained from 10 subjects
with 50 realistic measured events in a laboratory environment
using healthy volunteers. The simulated falling and daily
activities were recorded by a small tri-axial MTx sensor and a
lightweight Xbus Master. It is low-cost and easy setting using
only one belt-worn sensor. To increase accuracy and
sophistication of fall detection, we used a threshold algorithm
that is based on the analysis of the falling process using
kinematic and mathematical knowledge. We will collect more
data from elder people’s daily activities for a longer period
such as one week to evaluate this system and algorithms
outside user’s home in next step, however we should not ask
the elderly volunteers to do fall intended, since the fall situation
is dangerous to human body. Our algorithm is more theoretic
than the data training strategy.
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