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Abstract

Fall is one of the serious health issues among elderly population in Malaysia. In the event of a fall, a strong impact may be inflicted
on the elderly causing severe injuries or even death. Another research by the National Institutes of Health found that 67% of elderly
who fall and fail to seek help within 72 hours are unlikely to survive. Current Personal Emergency Respond System (PERS) often
employs the use of a manual emergency button. However this approach may not be useful if the fall victim become unconscious or
even not be able to move to reach the emergency button. In addition, such as this approach also requires more time and inadequate to
notify and seek for immediate help. This paper attempts to design and implement a smart fall detection system for real time
notification known as e-SAFE. This system will automatically detect a fall and notifies the incident instantly to internal and external
correspondence. The e-SAFE equipped with a wearable accelerometer sensor, microcontroller, ZigBee transceiver module and
Global System for Mobile communications (GSM) device. The in-house correspondence will be notifies though the ZigBee technol ogy,
meanwhile the external correspondence will be notified through GSM. Once a fall has been detected by e-SAFE system, a Short
Message Service (SMS) and an E-mail will be sent to predefined contacts which is stored in the system. This system will provide a
path toward independent living for the elderly while keeping them save.

Index Terms. Emergency Respond, Wearable Accelerometer Sensor, ZigBee, GSM, SMS, E-mail.
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1. INTRODUCTION

A study by private hospitals have shown that thelper of
elderly falling down increased by 27% from 20072608 [1]
and 66.7% of the cases happened at home [2]. levibet of a
fall, a strong impact may be inflicted on the eldarausing
severe injuries or even death. Another researchthsy
National Institutes of Health found that 67% ofezlgt who
fall and fail to seek for help within 72 hours amlikely to
survive. On the other hand, the fall victim is neaix times
more likely to survive if help can be attained witlone hour
[3]. Thus, this studies shows that the immediatergency
respond is crucial in order to increase survivae raf fall
cases greatly.

Current Personal Emergency Respond System (PER&) of

employs the use of a manual emergency button. Hemins
approach may not be useful if the fall victim beeom

unconscious or even not be able to move to reaeh th

emergency button. In addition, such as this approaso
requires more time and inadequate to notify anck dee
immediate help.

Therefore an automatic fall detection and notifmatsystem
(e-SAFE) is proposed in order to instantly notifyetfall
incident to immediate family members or caretakerttsat
they can response quickly to provide immediate helghe
victim. This is more appropriate solution espegidlh the
elderly people who are living alone at home.

The system consists of both hardware and softwahe
microcontroller will accept an output from a 3-axis
accelerometer which is used to detect a fall. Wadall is
detected, a triggering signal will be transmittedthe base
control to notify the incident to predefined coritsac

Transmission and reception of the triggering signsl
performed by X-bee PRO. The main reason of empipyn
bee PRO technology is due to its low power consigngnd
the ability of transmitting range up to 90 meter iidoor
environment [4].

The base control that receives this triggering aigwill

proceed to send the alert notification to the piiedd contact
through SMS and email immediately. Although thisteyn
cannot prevent falls from happening, it will redube chance
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of the fallen victims being left untreated for artemded
period of time by instantly informing others ababe fall
incident.

2. CHARACTERISTIC OF FALLS

Falls in indoor environment can be classified ithicee types:
fall from standing, fall from walking and fall frorsitting.
Each type of fall has its own characteristic whiefil be
further explained as below.

2.1 Fallsfrom Standing

This fall will be occurred within 1 to 2 secondsid classified
as a fall which is happened from initially standitagsudden
fall. The person normally falls in one direction hifé falling

down, the head undergoes free falling. The perstremd up
lying on the floor. Final position of the person avfells is
within his/her standing point to the radius of hes/ height.

2.2 Fallsfrom Walking

This fall usually will be happened within 1 to Xseds. It is
classified as a fall when the person is initiallglking with
certain acceleration and then involved in sudddh Téhe
person normally will falls in the direction of watly. Similar
to fall from standing, the person’s will end upngion the
floor. The position of the person who falls will beithin
his/her standing point to the radius of his/heghei

2.3 Fallsfrom Sitting

This fall is best described as someone who inytisiliting on a
chair and then involved in sudden fall. It usualill take

around 1 to 3 seconds and is considered dangemaube
this person’s head might hit with the chair befdréits the
ground. Consequently, the person ends up lyindnerilbor or
nearby to the chair.

3. RELATED WORKS
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Fig-1: Hierarchy of fall detection approaches.

Fig. 1 shows the hierarchy of fall detection apph@s. One of

the common characteristic of all these systems thedr
general structure of the overall system which lstilated in
Fig 2.

Data Acquisition Data Processing

Notification System (either
wired or wireless
communication)

Fall Detection

Fig-2: General structure of fall detection and notifioati
system.

Data acquisition is performed by a single sensaa simpler
system or multiple sensors or cameras in a morepleom
system. Its function is to collect signal and vici#sta to be
processed. There are several methods is used éctdée
falls. Some of it is acceleration threshold, imggecessing,
database-based etc.

3.1 Camera-Based Approach

Camera-based approach utilizes one or multipledfpesition
cameras to detect the posture and motion of theopeto
determine a fall. Camera-based approach is abldetect
multiple events simultaneously and is the most igtta
forward way to detect a fall. There are severabmdigms is

developed on camera-based approach such as 2D body

orientation change analysis, inactivity detection 8D head
motion analysis [5] & [6].

Fig -3: Camera-based approach.

2D body orientation change analysis is based orptimeiple
that the shape of a falling person will change frstanding to
lying down. On the other hand, 3D head motion asisly
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tracks the position of the head to determine a. fall

Nonetheless, there are many problems associatbccaibera-
based approach such as selecting an optimum riesolof

video, changes in room lighting condition causinifallties

in image processing and daily activities and moweref

human that might be confused with a fall [7].

Zambanini et al [8] proposed a fall detection systeith low
cost and with low-resolution cameras. Their goabisnvent
low cost fall detection system with high accurakgttcan be
affordable by everyone to use. The authors haveeprohat
the fall detection system can achieve better acgufall by
using low spatial resolution and low frame rate eeam.

3D Reconstruction of Human

Input Videos Person Detection l
Fall Feature
Detection Extraction

Fig-4: Description of fall detection by Zambanini (Figure
courtesy of [8]).

Shaou-Gang Miaouet al [10] proposed small fall ctate
system using Omni-camera to capture 360° imagepaison.
The chances of blind spot can be eliminated by gushis
approach. Other parameters that took into condiderare
the weight and the height of fall victim. Hartmaenal [11]
also developed a similar system based on the ptenof body
movement.

3.2 Ambient Device Approach

Ambient device approach is installing multiple sassin the
indoor environment to collect data of the user [1Xually for
ambient approach, a pressure sensor will be usddtezt the
presence and the fall of the user.

Zigel et al [13] has developed a fall detectiontesysthrough
vibration sensors. The system is equipped withrfiebration
sensor and also microphone. It uses the concepsigofal
processing to detect fall. This type fall detectigystem is
more suitable to be implemented in washroom andaj®i
room in which camera based approaches is not $eitalise.
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Fig-5: The setup for the field trial of the SIMBAD proypée.

The dotted lines illustrate the sensor’'s approxamald of
view (Figure courtesy of [14]). Sixsmithet al [1déveloped a
SIMBAD (Smart Inactivity Monitor using Array-Based
Detectors) by using a wall-mounted IRISYS (InfradRe
Integrated Systems) sensor to detect a fall. Itloaate and
track a thermal target which is moving within thange,
provide the information such as size, location, aeldcity of
the person.

3.3 Wearable Device Approach

The wearable device approach is an embedded sdasime
that can be worn on the user’s body for detectivegyfosture
or motion of the user and using a suitable algorith identify
a fall [16].

Bourke et al. [17] developed a custom vest with edded
sensors to detect fall. They also designed a thlédfased tri-
axial accelerometer fall detection algorithm whican
achieved accuracy of more than 90%. However, dutiirgy
test, there were false positives and false negatid@yway,
this approach looks promising due to its high rdedr
accuracy.

Almeida et al [18] developed a walking stick thatable to
detect fall by integrating a gyroscope in the stiGce the
stick has fallen, it assumes that a fall has oecurHowever,
the drawback of using such device is that usetdasing the
walking stick all the time and it might not be effiee to
detect fall.

Jeon et.al [19] developed a Personal Emergency dresp
System (PERS) that uses a 3-axis accelerometestéztdfall
and generates the alarm on the Personal Digitalstass
(PDA). Once a fall has been detected, an alarm fhall
generated. If the user does not respond to themaltre
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system will then classify the situation as an emeay and
notify the incident to the emergency center.

Fig-6: Walking stick prototype with gyro and Atmel EB63
evaluation board (Figure courtesy of [18]).

Halo Monitoring Company invented a fall detectioystem
what is called as “panic button”. The device is @stwatch
with a button where user has to press the buttarage of an
emergency. The main problem is that it does notehine
automatic notification feature which is very crucia the
victim become unconscious.

5. DESCRIPTION OF e-SAFE SYSTEM

There are many fall detection systems is alreadylable in
the market as per discussed earlier. Howeveréwlohcks of
the available systems lead us to propose a nosg&trsycalled
ZigBee-Based Smart Fall Detection and Notificat®ystem
with Wearable Sensor (e-SAFE).

The e-SAFE system is embedded with a sensor toesens
different types of motion. Thus, e-SAFE sensingickewvill
use a tri-axis accelerometer which is called as ABB6. It is

a small, thin, low power, 3-axis accelerometer wsignal
conditioned voltage outputs. It also able to obtaineleration
values from 3 different axes (X, Y and Z). ADXL335
measures acceleration with a minimum full-scalegeaaf +3
g. It suits with project needs as it can measuesdynamic
acceleration resulting from motion, shock, or vitma [21].
As one of the products in e-Textile LilyPad, itdesigned to
be sewn or stitched on garment easily. Fig 10 shibe$mage
of ADXL 335.

Fig-10: Image of ADXL 335 and embedded Lilypad
ADXL335

Once the power of e-SAFE is switched on, the acoeleter
will start do the sensing and 3 analog outputs pfvXand Z
axes will feed to the e- SAFE microcontroller. Thecess
flow is as shown in the Fig.11.

Start

Power ON

Accelerometer sense

send to
microcontroller

Fig-11: The operation of accelerometer

As shown in Fig 12, once the e-SAFE system has been
activated, the microcontroller will start to sertke incoming
analogue input from the accelerometer. The micryobar

will change the analogue input to digital inputngsthe built

in ADC. Then, the microcontroller will analyze theceived
data by using developed algorithm to detect thé daént.
Once a fall even is detected, it will send a sigara string to
XBee.

Instead using other available wireless transmisslenices,
the e-SAFE system employs ZigBee technology for the
purpose of data transmission. This is due to iisble data
transmission among devices, relatively low costy jmower
consumption, suitable for indoor applications ants i
compatibility to work with almost all microcontrelis.
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Sense Sense
incoming Data
From
Accelerometer

NO

Microcontroller
send signal?

Change analog

Data to digital
NO
Transmit Data
Analyze data
Fig-13: The operation XBEE in transmitting the signal
YES Sense

Send to Xbee NO

Receive signal
From Xbee?
Fig-12: The operation of microcontroller

When e-SAFE system is switched ON, XBee will keep
sensing the incoming signal from the microcontrol@nce a
signal is received from the microcontroller, XBe#l tvansmit
the data to the receiver. Fig. 13 depicts the floiwnXBee
transmitting node to make a decision to transnet datal to
XBee receiver. On the other hand, The XBee receivilir
continuous sense data from the transmitting nodepass the
receive data to base controller as depict in Fg.Qnce the
base station received the triggering signal, theill trigger

the GSM to send out an alert message.

Transfer Data
to Base

Fig-14: The operation XBEE in receiving the signal

The GSM will wait for the instruction from base ¢adler to
send out the alert message. It will send out art alessage
once it is triggered by base controller. Fig.15 ickspthe
operation of GSM modem in sending out the alerification
to predefined contacts in the e-SAFE system. Thet a
notification will be received though SMS and E-mail

The e-SAFE system also equipped with GSM modem as
mentioned earlier. The GSM is a wireless modem seatds
and receives data through radio waves instead @ikeal
telephone line. The operating frequency of the GSMO0O0
MHz or 1800 MHz bands.
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Fig-15: The operation GSM in sending out the alert message

6. Thee-SAFE SYSTEM DIMENSION

The e-SAFE product dimension is as shown in Fig. It
dimension is 12cm x 3cm x 7cm (length x width xdind)

which is fitting the profile of lightweight, smalind easy to
carry around.

Based on analyze that we have conducted, the begitom for
the device to be attached in our body is the wdisis is to
because waist has the lowest extreme body movergeeh
though the analysis obtained that the chest isagiieed low
possibility of false alarm, but it is extremely wmafortable to
place it over there.

Fig-16: The e-SAFE product dimension

7. THE BASE STATION OF e-SAFE SYSTEM

The base station of e-SAFE system is created ugiagal
Basic 2010. This windows application gives the ifddity to
the user to enter their particulars such as thenasee, phone
number and email address. The GUI which is develdpe
easy to use and can store up to 3 users at oneefalf has

detected, the developed GUI will act accordinglysémd the
instruction to GSM for send out the alert messdgg. 17
shows the main window of GUI for e-SAFE system.
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Fig-17: The main window of GUI application

N
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Contact Number 0179110484
Contact Number
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Email eos_samanthal¥s¥@hotmail com
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Fig-18: The User information windows

Fig. 18 shows the user’s information window thatated to
store the particulars of the recipients who witleiwe the alert
message. The system can store up to 3 predefimgdats. All
this contacts will receive the alert message whwean fall
incident happens. This information will be savedha system
and can retrieve easily whenever needed.

CONCLUSIONS

ZigBee Based Smart Fall detection notification sgsknown
as e-SAFE is a low-cost, reliable and accurate datection
system that equipped with wearable accelerometasosge
microcontroller, ZigBee transceiver module and @lob
System for Mobile communications (GSM) device.l#foahas
integrated with the GUI to receive the detectiomnfr
controller and send out the alert notification teedgefined
contacts. The e-SAFE provides a path toward inddgen
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living for the elderly while keeping them save. Wdugh this
system cannot prevent falls from happening, it vatiuce the
chance of the fallen victims being left untreatemt fin
extended period of time by instantly informing atheébout
the fall incident. In addition to this, the funatigity of e-
SAFE also can be further improved by adding extgdifres to
make complete health monitoring system. It can ux¢hér
enhanced to monitor heartbeat, blood pressure, body
temperature and etc. A comprehensive and compleaithh
monitoring system is can be developed by addingsethe
features in e-SAFE system.
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