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Abstract: One of the main problems facing the public health is the injury that happens due to older persons falling, as
these injuries can be fatal for them. Fast and proper medical interventions are crucial to reduce the serious
consequences on their health. In this paper, a system is designed to continuously monitor vital signs and motion of
older persons, and automatically detects incidents of abnormal vital signs as well as the fall of unattended older
persons, and, accordingly, sends an alarm message to the concerned caregivers, to provide the needed help in the
shortest delay possible. The proposed system is composed of three major modules; firstly the sensing module (SM),
which continuously measures the acceleration of the monitored person, as well as vital signs of the monitored persons,
such as the temperature and the heart pulse rate. Secondly, the decision making module (DMM) which is a processing
element that receives the sensing signals from the sensors used in SM, analyzes them, then makes a decision if an
abnormality or a fall is detected or not. Finally, if the DMM detects a fall, it sends this decision signal to the alarm
module (AM), which sends SMS messages to the concerned caregivers, whose cell phone numbers, are pre-configured

in the AM.
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I. INTRODUCTION

Referring to a United Nation’s press release on the world
population in 2013 [1], the current world population of
7.2 billion is projected to increase by almost one billion
people within the next 12 years, reaching 8.1 billion in
2025 and 9.6 bhillion in 2050. Life expectancy has
increased for the world as a whole from 47 years in 1950-
1955 up to 69 years in 2005-2010. Furthermore, life
expectancy is expected to continue rising to reach 70 years
in 2045-2050 and 78 years in 2095-2100. Therefore, a
phenomenon of population ageing is occurring throughout
the whole world. For example, in 2013, the proportion of
older persons in the developed countries had exceeded that
of children (23% versus 16%). In 2050, it is expected that
the older persons’ percentage is to be double that of
children (32% versus 16%) in developed countries. While
in least developed countries it is expected to have 19%
older persons versus 22% of children.

The UN World Health Organization gave high attention to
the welfare of the older persons and they pointed that one
of the prominent risks that may face older people is the
accidental falls. “The frequency of fall increases with age,
where approximately 30-50% of people living in long-
term care institutions fall each year, and 40% of them
experienced recurrent fall. The rate of hospital admission
due to falls for people at the age of 60 and older in
countries like Canada and United Kingdom range from 1.6
to 3.0 per 10,000 population.” [2]. It was found that falls
and their consequent injuries are a major public health
problem that needs proper medical attention. Moreover, it
was found that fatal falls rates increase exponentially with
age for both sexes, with highest rates for ages of 85 and
over [2].

A problem that may arise due to the population ageing and
its related problem of accidental falls is the increasing
need of availability of caregivers and nurses to fully attend
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the older people so that they can instantaneously give the
needed help in case of occurrence of falls. This
requirement is crucial to reduce the effect of the falls. But
on the other hand a caregiver can only handle one or a
very few number of older people, so a huge number of
caregivers are needed as the number of older people
increases. Such huge number of caregivers cannot be
achieved in reality. Thus, an assisting fall detection
system, that can automatically detect if an older person
falls and gives an alarm to the caregiver, is needed to
complement the job of the caregivers.

The significance of introducing an automatic fall detection
system has been implicitly stated in the Qatar National
Vision 2030 Report, under the Human Development pillar:
“To improve the health of Qatar’s population, Qatar
aspires to develop an integrated system for health care,
managed according to world-class standards, that will
meet the needs of existing and future generations to
provide an increasingly healthy and lengthy life for all of
its citizens.” [3].

Existing fall detection systems are still having several
challenges such as limited range of operation being
restricted to indoor environment, need of expensive
infrastructure for reliable detection, and obtrusiveness of
the detection system as the individual has to wear special
setting of sensors [4].

Il. RELATED WORK

Accidental falls are seriously harmful events for the older
persons and more than 33% of people aged 65 years and
above experience one fall every year [4]. As a
consequence of falls, an individual may be harmed both
physiologically and psychologically. This can be in the
form of an injury of various types, a limited activity, and
an uneasiness of living independently and fear of falling
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[4]. Thus, reducing the risk of a person’s harm from fall
comes at the top of the safety goals for developed and
developing countries. Here comes the importance of
designing and implementing an automatic Fall Detection
System that detects the fall of unattended older persons
and sends an alarm message to the concerned caregivers,
to provide the needed help in the shortest delay possible.
Fall detection systems can be classified into three main
approaches [4]: (1) Computer vision and image processing
based approach, in which the movement of the person is
monitored in real time through a video capturing system
and some algorithms are applied to recognize the posture
of the person [5][6][7]1[8]; (2) Acoustic based approach, in
which a fall is detected by analysing the frequency
components caused by the vibrations associated with the
fall [9][10][11]; (3) Worn sensor based approach, in which
kinematic sensors such as accelerometers are worn by the
individual to distinguish between a fall and a normal
activity of daily life [4][12][13][14][15][16].

In each of the above mentioned approaches, different types
of sensing modules, decision making modules, and alarm
modules are used. These modules may differ with respect
to (1) their suitability of usage indoor and/or outdoor; (2)
their complexity of deployment and maintenance; (3) their
need for a special infra structures; (4) and finally their
cost.

As for the types of sensing modules, single or multiple
cameras can be used for computer vision based approach,
microphones and/or vibration sensors can be used for
acoustic based approach, and accelerometers and/or
gyroscopes can be used for worn sensor based approach.
As for decision making modules, a dedicated PC is needed
for both computer vision based approach and acoustic
based approach, where the PC is needed for the analysis of
images to recognize the patient’s posture and for the
analysis of the acoustic sensors signals to detect a fall. On
the other hand, worn sensor based can make use of either a
remote PC or an on-board microcontroller to analyse the
signals produced by the accelerometers and/or gyroscopes.
As for the alarm modules, all approaches can use a
telecommunication device such as a 3G device to send
SMS messages and video streams to the concerned
caregivers, when a fall is detected.

In the literature, most of the FDS systems are based on the
worn sensor based approach, as it has an edge with respect
to the other approaches that can be summarized as follows:
e Can be easily used in normal living environments.

e Can be used in both indoor and outdoor.

e Has arelatively low cost.

e Does not need special infrastructures for deployment.
However, its main challenge is the battery life to be used
in this type of standalone system and its obtrusive nature
as it requires the older person to wear special setting of
sensors.

On the other hand, the computer vision based approach
has the advantage of being unobtrusive and can be used in
determining the position of the falling victim in a precise
manner. So, the challenge is to combine the different
approaches to make use of their exclusive advantages to
obtain an accurate and reliable FDS system.
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In this paper, a wearable remote fall detection system
(FDS) is presented, characterized by its light weight and
small size. This system is augmented with a module for
monitoring vital signs, such as body temperature and heart
pulse rate. Moreover, this system is intelligent enough to
detect both fall incidents and abnormal conditions, based
on vital signs, and provide alarms in case of detecting falls
and/or abnormalities, constituting a Remote Abnormality
and Fall Detection System (RAFDS).

I1I.OVERVIEW OF THE PROPOSED SYSTEM

In this paper, we will present a real time RAFDS system to
reduce the harmful consequence of falling of older persons
through an early detection of the fall accident and an
instantaneous alarming system, to notify the caregivers
about the incident in real time. The proposed RAFDS
system will be primarily designed to be used indoors and
we will present a study of how to extend it to be used to
monitor vital signs, such as heart pulse rate and body
temperature.

Fall Detection for Older Persons

Older
pers:

Decision
Making
Module

n Sensing Alarm Module

Arduino GSM

Accelgrometer

Digital
Therqmometer

»

! To
Caregiver

The RAFDS system will be composed of the following
modules, as shown in figure 1:

a) Sensing module (SM) which continuously
measures the acceleration, heart pulse rate and temperature
of the monitored person. To build this module, the
following types of sensors are needed: a tri-axis
accelerometer to continuously measure the acceleration of
the monitored subject in three dimensions, a temperature
sensor to continuously measure body temperature and
heart pulse rate sensor to continuously capture the heart
pulse rate of the person. A GPS module can be also used,
if needed, to capture the person’s outdoors position.

b) Decision making module (DMM) which receives
the sensing signals from the different sensors, analyze
them, then make a decision if a fall or abnormal vital sign
is detected or not. It is composed of a processing element
which can be in the form of a microcontroller like Arduino
or PIC, or a digital signal processor (DSP) like
TMS320F28335-based DSPs, which can be used in both
indoors and outdoors. The DMM can be connected to the
SM either locally through direct connections, or remotely
through a wireless communication, such as ZigBee-based
communication.

Fig.1 Components of the RAFDS
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c) Alarm module (AM) which receives a decision
signal from the DMM that a fall or an abnormal vital sign
is detected, and the AM, in its turn, sends an SMS
message to the concerned caregivers, whose cell phone
numbers are pre-configured in the AM. The AM is
composed of either a GSM module or even a 3G module if
a video stream needs to be established.

In this paper, we will present the design and
implementation of the RAFDS SM, DMM and AM
modules, and finally show experimental results of the
proposed system.
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IV.DESIGN OF THE RAFDS

The RAFDS system consists of three Modules: sensing
module, decision making module and alarm module. As
for the sensing module, it consists of three sensors:
accelerometer sensor (MMA7455) [17], Digital
Thermometer sensor (Ds1620) [18] and heart-rate pulse
sensor (HRPS) [19] to detect any sudden change
happened of heart rate. These sensors continuously
measure the data from the sensors on periodic bases. As
for the decision-making module, the Arduino UNO
microcontroller used to capture and process the data
measured by the sensors. As for the alarm module, there
are two kinds of alarms. There is an alarm for the elderly
person and alarm for the caregiver. As for the alarm for
the elderly person, a speaker and a button are used to
cancel any false detection, either from the accelerometer
when false fall detection is detected or from the heart
rate pulse sensor if the user is doing a physical activity.
As for the alarm for the caregiver, the GSM shield
sendsan SMS message to the caregiver, whenever there
is a sudden change happened to the elderly person to
help him. Based on the functional requirements and the
practical design constraints, we decided about the
hardware components and the software design that will
control the whole system.

GSM initialization

/\

[ Temperature detaction } [ Heart-Rate detection J [ Fall datection J

Check conditions
Set Alarm

J { Send SMS 1o caregiver J

A@

Fig. 2 High Level Architecture Flow chart
Temperature Abnormality Detection:
The microcontroller will read the data from the
temperature sensor and then compare it to the threshold
value.

[ press button
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The normal body temperature should be 37°C.

However, normal body temperature depends on from
which part of the body the temperature measurement is
taken. So, to make things easier we assumed that the
normal body temperature is in the range of 37°C + 1°C,
i.e. between 36°C and 38°C. The data read by the sensor
will be compared to this threshold; if it goes out of this
range then the system will send an SMS to the caregiver
with the temperature measured.

A Heart Rate Anomaly Detection:

The heart rate is the number of times the heart beats per
minute (BPM). A normal heart rate depends on the
individual’s age, body size, fitness level, heart conditions,
emotions and specially the type of the current physical
condition. It is proven that some accurate calculations are
used to compute the heart rate of the body depending on
the age
Maximum heart rate= 206.9 - (0.67 x Age) [20]

According to the Centers for Disease Control and
Prevention, for moderate-intensity physical activity, the
target heart rate of the resting person is 50 percent to 70
percent of his maximum heart rate. If the person is doing
some physical activities, its target rate is 70 percent to 85
percent of his maximum heart rate.

[ Hean eate sensor (H) inputs to microcontrolier l
L 1
[ max HR=206.9 (nge 0.67) J

max=| ma\iHRxUT min=max HR x 0.5

Local airm for the user

Timer < 60 sec
&& bulton is NOT pressed?

o Ha

bullonis pressed ?
l max=max HRx0.7  min=maxHR % 0.5 ] I Confirmation of the abnormal
heart rate delection

1
Cancellation of the abnormal
hearirale detection

An abnomal hearl 1ate is detected ]

send GSM message 1o Calegivers. l

/_'j

Fig.3Heart Rate Anomaly Detection

As an example of a 50-year-old person, its maximum heart
rate is 206.9 —(0.67 x 50) = 173.4 BPM. The target heart
rate in rest is from 170 x 0.50 = 85 BPM to 170 x 0.70 =
119 BPM, and from 170 x 0.70= 119 BPM to 170 x 0.85 =
144 BPM when doing a physical activity.

As shown in figure 3, the system is designed to first define
the normal region of the heart rate of the resting person by
calculating the maximum and minimum values. Then, the
actual heart rate of the person will be compared to the
predefined region. If it is out of the limits of the safe
region, an abnormal heart rate will be detected for the
resting person. Then an alarm will be launched to the user

DOI 10.17148/IJARCCE.2015.4702 7



IJARCCE

itself to inform him about the decision .If he doesn’t press
on the cancel button within a predefined time, the
abnormal heart rate detection will be confirmed, and the
system will send a message to caregivers informing them
about the problem. However, if the user is doing a
physical activity, he should press on the button within a
predefined time to inform the system about that. In this
case, the system will define the normal region of the heart
rate of the Non-resting person by calculating the
maximum and minimum value. Then, the actual heart rate
of the person will be again compared to the predefined
region. If it is out of the limits of the safe region, an
abnormal heart rate will be detected for the Non-resting
person and a message will be sent to care givers. The
system uses a for loop to define a limited time where the
user can press on the button; right after the abnormal heart
rate detection of the resting person, the button will be
activated for only 60 seconds in order to let the time for
the user to press it. After the 60 seconds, the button will no
more function. As a result, the detection will be confirmed
and the system will move to the alarm module.
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B. Fall Detection:

Intialise accelerometer

Reading of accelerometer inputs to microcontroler

=

local alarm for the user

Timer < GO sec
Yes L&
outton is NOT pressed?

butlun is
p!essed 2

i
Contirmation of the fall
detection

Afallis detected

send GSM message lo caregivers

End )

Fig.4 Fall Detection

Cancellation of the fall
detection

The fall detection system, shown in figure 4, starts by the
accelerometer that keeps sensing the acceleration of the
user and inputting the value to the microcontroller. Then,
the microcontroller decides if a fall occurs based on some
thresholds. The fall is detected by detecting the state of
weightlessness that occurs while the body is in a free fall.
This state can be detected using accelerometers, as will be
discussed in the implementation section.

In case of falling, the button will be used to guarantee the
accuracy and the confirmation of the fall before sending a
message to caregivers and announce the fall detection. If
the decision-making module detects a fall, an alarm will
be launched to the user itself to inform him about the
decision. If the user has truly fallen and the decision of the
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microcontroller is correct, he probably will be fainting and
unconscious and ignoring the alarm. If the detection of the
microcontroller is false, the alarm announces the false
detection to the user, who is able to cancel it by pressing
the button within a predefined time, and prevent the
system from moving to the alarm module and send a
message to caregivers informing them about the fall.

When the user alarm starts, the button will be activated for
only 60 seconds in order to let the time for the user to
press it. After the 60 seconds, the button will no more
function. As a result, the fall detection will be confirmed
and the system will move to the alarm module and send a
message to caregivers to inform them about the fall.

V. IMPLEMENTATION OF THE RAFDS

The system continuously reads the output of the sensors on
periodic bases. The microcontroller compares these data
with the conditions of each sensor to decide if there is any
abnormal change or not. If any abnormal change is
detected an alarm launched so that the elderly person can
stop it by pressing the button if it was a false alarm
otherwise a SMS message sent to the caregiver to provide
help to the elderly person as shown on figure 5.

A. Arduino UNO microcontroller

The microcontroller used in the system is the Arduino
UNO board which is a microcontroller board based on
theATmega328. It can be simply powered with external
DC battery. It has 14 digital input/output pins as well as 6
analog input pins that can be used to interface with
different types of external components. Also, it has a low
price compared to its speed.

B. Arduino GSM Shield

The Arduino GSM shield was chosen as the GSM modem,
to send/receive SMS messages between the older system
and the caregivers. It just needs a SIM card to be
connected to the local mobile network. The shield uses
only three pins of the Arduino board, in addition to the 5
volts (5V) and ground (GND) pins. GSM RX (pin 2) is
connected to pin 2 in Arduino board, GSM TX (pin 3) is
connected to pin 3 in Arduino board and Modem Reset
(pin 7) to pin 7 in board.

C. MMAT7445 three-axis accelerometer

The MMA7445 three-axis accelerometer wasused for
measuring the acceleration of the body. It can be easily
interfaced with Arduino UNO board. Its registers can be
programmed to work in different modes, with different
selectable levels of sensitivity (2 g, 49 or 8g). Moreover, it
needs low voltage between 2.4V to 3.6V. The
accelerometer was used to detect weightlessness by
programming it to work in the “level detection” mode, in
which an interrupt is generated when the acceleration in all
directions (x, y and z) falls below a certain threshold (say
0.25g). Once the interrupt is generated, it is handled by the
microcontroller to notify a detection of a fall. MMA7455
accelerometer has eight DIP pins. Only six pins are used in
this sensor. It requires voltage power (5V) and Ground
connection (GND). The CLK pin in MMA7455 is
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connected to A5 in Arduino board and DATA in
MMA7455 is connected to A4 in board. In the code, the
INT1 and INT2 pins were initialized to be connected to
A0 and ALl respectively. The MMAT7455 is interfaced to
the Arduino through the Serial Peripheral Interface (SPI)
bus.

Vol. 4, Issue 7, July 2015

D. Ds1620 Temperature sensor

Ds1620 is a digital temperature sensor that measures
temperatures from -55°C to +125°C using a band gap-
based temperature sensor. The data can be read or written
using three wire serial interface; DQ, CLK, RST. The user
can reset it because it has thermostatic settings. It requires
a power voltage2.7V as minimum voltage and 5.5V as
maximum voltage. It doesn’t require any external
components such as capacitors or resistors, so that it can
easily connected to Arduino UNO microcontroller. The
temperature sensor Ds1620 has 8 DIP pins. It requires
power voltage (5V) and Ground connection (GND). The
first three pins are the output pins that will be used to read
the temperature. These pins (DQ, CLK, and RST) should
be connected to digital pins. DQ is connected to pin 6,
CLK is connected to pin 5 and RST is connected to pin 4.

ONDEO

Fig.6 Wiring of Full Syste

E. Heart Rate Pulse Sensor

Heart rate pulse sensor for Arduino was used. It is directly
connected to the Arduino UNO board without using any
external connections or components. It provides a reliable
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heart rate pulse readings faster than any other pulse sensor.
Pulse sensor requires low power voltage either 3V or 5V.

F. Speaker

The speaker used accepts the TTL levels and can be driven
using PWM with different frequencies and duty cycles.
The speaker is fed by an analog Pulse Width Modulation
(PWM) signal, generated by the Arduino microcontroller.

G. Button

SPST (Single Pole Single Throw) is the simplest type of
on-off switches. It has two terminals; they can be
connected together or disconnected from each other. The
push button is connected to the ground by a 10 k Ohm
resistor and to the VCC. The upper pin of the button that
faces the resistor is connected to pin 8 of the Arduino.

H. Integrated System

All the components will be combined together to act as a
full system, as shown in figure 5 and 6. Three sensors are
used; accelerometer to detect fall, temperature sensor to
measure the temperature and heart rate pulse sensor to
measure the heart beats and time between beats. A GSM
shield to connect the device with a local network for
sending messages to the caregiver. A Button that will be
used by user to delete the false alarm and a speaker to
inform the user that asudden change happened.

VI.LEXPERIMENTAL RESULTS

The following table shows the sensitivity of the system in
detecting fall and anomalies in both heart rate and
temperature. The fall detection sensitivity was 90% at
0.25g threshold. It was observed that the sensitivity may
increase by the decrease of the threshold below 0.25g, but
the number of false positive increases considerably. The
sensitivity of abnormal heart rate detection was 86.67%
due to the in accuracy of the heart pulse rate sensor. The
sensitivity of the abnormal temperature detection was 80%
due to the inappropriateness of the Ds1620 to measure the
body temperature. A special setting was designed and
implemented to keep the sensor in continuous contact with
the person body, but the ambient temperature was a
considerable source of disturbance.

TABLE | EXPERIMENTAL RESULTS

Test of 30 True False Sensitivity =
trials Positive | Negative | TP/(TP+FN)
(TP) (EN)
Fall 27 3 90%
detection
Abnormal 26 4 86.67%
heart rate
Abnormal 24 6 80%
temperature
VII. CONCLUSION

The presented system is designed to reduce the danger that
faces unattended elder people due to falls, and abnormal
vital signs such as heart pulse rate and temperature. The
system is capable of automatically detecting the fall and
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the abnormal signs through a set of sensors, such as [14] C.Huang, C. Chiang, G. Chen, S. Hsu, W. Chu, and C. Chan, “Fall

accelerometer, heart pulse detector and digital
thermometer, followed by a microcontroller that analyzes
the data captured by the sensors, to decide the existence of
a fall or abnormality in vital signs. If a fall or abnormality
in vital signs is detected, an alarming SMS message will
be sent through a GSM modem to the concerned
caregivers. The system prototype showed acceptable
results with respect to sensitivity to the occurrence of fall
and abnormality in vital signs.
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