A g

& "37
o e
Ly

- b
— =
=z S
>

A =

ONIMP%

Faculty of Computer Science and Information Technology

A WEARABLE DEVICE TO DETECT FALL

ROXSHEN NASRUN GAI

Bachelor of Computer Science with Honours (Network Computing)

2020



A WEARABLE DEVICE TO DETECT FALL

ROXSHEN NASRUN GAl

This project is submitted in partial fulfillment of the
requirements for the degree of
Bachelor of Computer Science with Honours

(Network Computing)

Faculty of Computer Science and Information Technology
UNIVERSITI MALAYSIA SARAWAK

2020



PERANTI YANG BOLEH DIPAKAI UNTUK MENGESAN JATUH

ROXSHEN NASRUN GAl

Projek ini merupakan salah satu keperluan untuk
ljazah Sarjana Muda Sains Komputer
Dengan Kepujian

(Pengkomputeran Rangkaian)

Faculty of Computer Science and Information Technology
UNIVERSITI MALAYSIA SARAWAK

2020



UNIVERSITI MALAYSIA SARAWAK

TITLE

THESIS STATUS ENDORSEMENT FORM
A WEARABLE DEVICE TO DETECT FALL

ACADEMIC SESSION: 2019/2020
ROXSHEN NASRUN GAI

(CAPITAL LETTERS)

hereby agree that this Thesis* shall be kept at the Centre for Academic Information Services, Universiti
Malaysia Sarawak, subject to the following terms and conditions:

1.

The Thesis is solely owned by Universiti Malaysia Sarawak

2. The Centre for Academic Information Services is given full rights to produce copies for
educational purposes only
3. The Centre for Academic Information Services is given full rights to do digitization in order to
develop local content database
4. The Centre for Academic Information Services is given full rights to produce copies of this Thesis
as part of its exchange item program between Higher Leamning Institutions [ or for the purpose of
interlibrary loan between HLI ]
5. ** Please tick (V)
CONFIDENTIAL  (Contains classified information bounded by the OFFICIAL
SECRETS ACT 1972)
RESTRICTED (Contains restricted information as dictated by the body or organization
where the research was conducted)
v UNRESTRICTED
Validated by
(AUTHOR’S SIGNATURE) (SUPERVISﬁR’ IGNATURE)
um«nwm
Permanent Address Facy
Lot 76, Taman Telupid Villa, "“"“"w
Peti Surat 227, 89320, Telupid.
Sabah.
Date: 8 August 2020 Date: l 0 % I ‘: U
g
Note Thesis refers to PhD, Master, and Bachelor Degree

»

For Confidential or Restricted matenials, please attach relevant documents from relevant organizations / authoritics




DECLARATION

| hereby declare that this project is my original work. | have not copied from any other
student’s work or any other sources except where due to reference or acknowledgement is not

made explicitly in the text, nor has any part had been written for me by another person.

(ROXSHEN NASRUN GAI) (14 July 2020)



Acknowledgement

I would like to thank everyone who has contributed for the completion of my Final Year
Project 1. All glory to God for giving me wisdom and strength in doing this research. First of
all, 1 would like to express my sincere gratitude to my beloved supervisor, Dr. Sarah Flora
Samson Juan for providing invaluable guidance, comments and suggestions in this research
about a Wearable Device to Detect Fall. Her guidance really helped me to have a clearer
understanding in doing my research. She also has helped me a lot in finding the suitable
components that used in this research. Thanks to her also for always giving me words of
encouragement and keep me on track in doing this Final Year Project. Not forgetting my
examiner, Dr. Lau Sei Ping, he also helped me on improving the implementation of this
research by giving comments and advices on how to improve it. Next, thanks to my family
who continuously supporting me and encouraging me to do my very best in completing this
project. I am also grateful to my siblings for supporting me especially in doing the
experiment, thank you for willing to become one of the users to test the device that
implemented for this research. | would like to thanks my friends who always stick together
and struggle together with me in doing this project. Lastly, thank you once again to all of the

people that help me in completing this Final Year Project.



CONTENTS

I TS Ao T 10 2SSOSR I
] A 1= o] L ORI i
N ] £ - Uod SRS WY
CHAPTER L oo b e bbbttt bbb b neene e 1
INTRODUGCTION ...ttt te e se et et e testesaeereereeneenseneas 1
00 A 1 0 oo [ od A o o PR TSTRP 1
1.2 Problem StAateMENT..........cov o 2
IR T O o T=Tot (1Y SR OTS 3
1.4 METNOTOIOGIES ...t bbb bbb 3
1.5 S0P et 4
1.6 SignificanCe Of PrOJECT.........c.coviii e 4
1.7 ProjeCt SCHEAUIE ..ot 5
1.8 EXPECTEA OULCOME ... .cuiiiiiiiiiiieeee sttt bbbttt 5
S g T F @ U 1T - PSSRSO 5
CHAPTER 2 ..ottt b e bt bt s e s et e bbb e be e beeneeneeneeneens 7
BACKGROUND......coiiiiitt ittt ettt sttt se e st et e nbenbeabesbeereaneeneenee s 7
pZ00 A | 1 4 oo 18 Tox « o] o SO PRUPRSPRPRS 7
2.2 Background of Fall Detection SYStEM..........ccoiiiiiiiiie i 7
2.3 Vision Based MEthOd............c.coiiiiiiiieccece et 9
2.3.1 MEWMA-Based for Fall DeteCtion............cccccoeiieiiiieiiececc e 10
2.3.2 SVM-Based for Classification of Fall.............ccccoeviiiiiieiicecee e, 11

2.4 Kinematic/Motion Based Method...........cccviieiiieiiieciece e 11
2.4.1 Threshold-Based Method (TBM) ......ccoiiiiiiiiiieiesie e 12

2.5 AcoUSEIC Based METNOU..........couviiiiciie e 14
2.6 Comparison between Three Methods..........cccooiiiiiiiici 15

2.7 Existing System Based on Kinematic Method .............ccoooiiiiiiiiiiincieee 16



2.7.1 Fall Detection on Humans Using Threshold Method Based On Smartphone
ACCEIEIOMELEr DALA .....c.viiiiiieiic ittt e et e e be e saeeaaeeanne s 16

2.7.2 Fall Detection Based on Accelerometer and Gyroscope using Back Propagation . 16

2.8 WEAraDIE DEVICES........oiiiiiiiieieie ettt bbbt 17
2.9 Classification Of FallS ..o 18
2.10 SUIMIMATY ..ottt b e nr e 19
(O o 1N I G OSSR 20
1V [=3 4 g0 (0] (oo Y 2SSOSR 20
200 A 1 11 oo [T o] o USSR 20
3.2 Research MethodOlOgy ........coueieieiiieii e 20
3.4 Framework To Develop a Wearable Device to Detect Fall..............ccccooevviieinenne. 23
3.5 DAtA COHBCHION. ...ttt b e bbb 24
3.6 ANALYSIS AN DESIGN......cuiiiiiiiiiiieiee e 24
3.6.1 HArdWare DESIGN ........coueiiiieieieite ettt bbb 24
3.6.2 Code DEVEIOPIMENL ........ceeiiieiicee et re e 25
3.6.3 PIacement Of DEVICE ......ccveieiiieieiiesie sttt 26
3.7 IMPIEMENTATION ...ttt 27
3.8 EXPeriments and RESUITLS ..o 28
3.9 Chapter SUMMAKY .......ooiiiiiiieiee et b bbb 29
CHAPTER 4 ..o ettt ettt se bt ne et st ne e 30
IMPIEMENTALION.....c.oiiiicccee et et esae e re e e e reenne e 30
St 1 Y oo [T o] o SR 30
4.2 Fall Detection CoNfIQUIAtION .........ccooiiiiiiiiiiieee e 30
4.2.1 Connection of Fall DeteCtion DEVICE..........coviereiieieiieeeeiee e 31
4.2.2 Connection of MPU6050 Sensor to the Wemos ESP WROOM-02 D1 Mini WiFi
1Yo LU SRS 32
4.2.3 Connection of Buzzer to the Wemos ESP WROOM-02 D1 Mini WiFi Module....... 34
4.3 Preparation Of Data..........c.cooiiiiiiiiieiie et 35
4.3.1 Different types Of fall ........c.oooiiiiiiii e 35
4.3.2 Preliminary EXPErimMENTS ........oiiiiiiiiiieee e 36

4.4 Implementation of the Wearable Devices to Detect Fall.............c.cccoooiiiiiinincnnn, 38



4.4.1 Code Development in Arduino IDE ... 40

4.4.2 Code Development for database...........ccooeieiiiiiiiii e 50
CHAPTER 5 et bbbttt bbbttt 58
EXPEriments @nd RESUILS .......c.coviiiiiiiieie ettt et enneas 58

T8 A 1 01 oo [ Tox 4 T o TR 58
5.2 Performance of Wearable Detect Fall DeViCe.........c.ccevviieiiniiiie e 58
5.2.1 TeSt ON fall ACHION.........cciiiiiiieee e 58
5.2.2 Test on Activity Daily Life (ADL) ...ccviieiieicieceee e 60

5.3 RESUILS @Nd ANGIYSIS. ... .cciiiiiiiiieite ittt 63
5.3.1 Experiment with different types of fall ..., 63
5.3.2 Experiment with Activity Daily Living (ADL).......ccceveiieeiiiieceese e 64

5.4 ANalysis and DISCUSSION ........eccuiiieiieiieiieiteesiesee e ste e eeste e sreeae e teesae s e sreeneennes 64
5.5 Chapter SUMIMAIY ......ccoiiiiiiiic bbbttt 66
(O 1 e Il TS 67
Conclusion and FULUIE WOTK........ccoiiiiiiiiiieee et 67
(CT0 I 1 oo [0 Tox A o] o IR UR SR 67
6.2 ODJECTIVE ACNTEVEMENTS ...ttt 67
GI o] o 1115 ] o 1SR 68
B.4 FUTUIE WOTK ...ttt ettt te e s e are e teenteeneenreeneennes 69
REFERENGCES ...ttt bbbttt st be e ne e s eneeneas 70
Y ] 0 1=T o [ AN OSSR SSPSURRT 72
APPENIX B bbb 74

APPENIX € .ottt bbb bbbt 83



LIST OF FIGURES
Figure 1.1 Research Methodology Phases...........ccccvviiiiieiieeie e 3

Figure 2.1 An overview of Fall Detection System (Pannurat, Thiemjarus, &

NantajeeWwarawat, 2014) ........ccoueiviiieiieie e seesre et rennes 8
Figure 2.2 Methods to Design Fall Detection SyStem...........ccccvevveiviiieiiere s 9
Figure 2.3 Five main stages in Vision Method...........cccoccevvveiiiiiiiieicccceec e 9
Figure 2.4 Extraction of feature (Fouzi, Nabil, Ying, & Amrane, 2017)..................... 10
Figure 2.3 Sensors that used in Kinematic Based Method.............c.ccceveiieiieiiiiennnn, 11
Figure 2.4 Fall Event (Shi, Sun, Xia, Chen, & Jianxiao, 2016) ...........ccccccevvveresnennnn 12
Figure 2.5 Running Activities (Shi, Sun, Xia, Chen, & Jianxiao, 2016) .................... 12
Figure 2.6 Walking (Shi, Sun, Xia, Chen, & Jianxiao, 2016) ............ccccceevververresnernns 13
Figure 2.7 Jumping (Shi, Sun, Xia, Chen, & Jianxiao, 2016) ............ccccceevververresnernnns 13
Figure 2.8 Main Component used in Acoustic Based Method..............cccccceeveiiiienen, 14
Figure 2.9 Acoustic circular microphone array configuration (Li, 2012) .................... 14
Figure 2.10 Placement of Wearable DeVICES ..........ccccovvevieiieiieiesie e 17
Figure 2.11 Different Types of Fall..........cccooveiioiiiii e 18
Figure 3.1 Five phases in developing Fall Detection System ..........cccccccevveieeieiieenn, 20
Figure 3.2 Framework to Develop Wearable Device to Detect Fall ............................ 23
Figure 3.3 Design of Fall Detection SYSteM ........ccccveiieiiiiiieece e 24
Figure 3.4 Placement of Device in human body (Vetsandonphong, 2016).................. 26
Figure 3.5 Flowchart of the Fall Detection SyStem...........cccccvvvivieiiiiiic e, 27
Figure 4.1 Fall Detection DEVICE..........cccviiiiiieiie et 30
Figure 4.2 Wearable Device to detect fall ............c.cccveiiiiiiiii e, 31

Figure 4.3 Connection of Fall Detection deViCeS ..........ccevvevieiiiieiieeiee e 31



Figure 4.4 Connection of Wemos Board and MPUBG050 Sensor............coovvvvveeennn. 32

Figure 4.5 ESP8266 Library for the WiFi Module Board...........c..ccccovviniiiininicnnnn, 33
Figure 4.6 Connection of WiFi Module and BUzzer ...........cccooeveiiiiiiiiiniece 34
Figure 4.7 Forward Fall ... 35
Figure 4.8 Backward Fall ... 35
Figure 4.9 Side Fall ..o 35
Figure 4.10 Connection of Device t0 WEeDSITE ..........cccoviiiiiiiiieee 39
Figure 4.11 Connection t0 WI-Fl.........ccoiiiiiiiiiiie e 41
FIQUIE 412 PHP FHle .o 50
Figure 4.13 Database of MPUG050 Sensor ReadING.........cuevrvererencienieniseseeieeens 53
Figure 4.14 MPUGB050 Sensor REAAING.........coereieriiiiiiieieeee e 56
Figure 5.1 Acceleration when Fall is Detected ...........ccoovvviiiiieienciecceeeeeees 58
Figure 5.2 Orientation when Fall is Detected...........ccocvoviiiiiiiienenc e 59
Figure 5.3 Acceleration of SIttiNg.........ccccoiiiiiicie e 60
Figure 5.4 Orientation Of SIING ........ccoiieiiiiccec e 60
Figure 5.5 Acceleration of WalKing ..........c.coeiieiiiiciiecc e 61
Figure 5.6 Orientation of WalKing ...........cccoveiiiiiiiciic e 61
Figure 5.7 Acceleration of RUNNING .........cocooiiiiiiic e 62
Figure 5.8 Orientation of RUNNING ........ccoooiiiiiiceccce e 62

ii



LIST OF TABLE

Table 2.1 Comparison between Three Methods..............ccooiviiiiiiiiiinnnn. 15
Table 3.1 Detail lists of COMPONENLS.......cvveriiiiiiiiiiii i 22
Table 3.2 Budget for every components...........c.evveeiiieiiieiienineeiieannsn. 22
Table 3.3 threshold values for three types of fall......................oooiiai. 24
Table 4.1 Connection each pin of Wemos Board and Mpu6050 Sensor......... 33
Table 4.2 Connection each pin of Wemos Board and Buzzer...................... 34
Table 4.3 Forward Fall ....... ..., 36
Table 4.5 Side Fall..... ..o 37
Table 4.6 Average Reading of different types of fall........................oeeee. 38
Table 4.7 Function to Connect to WI-Fi.............ooooiiiii 40
Table 4.8 Function to Connect to Mpu6050 Sensor............ccoevvviiniennnn... 42
Table 4.9 Function to Stabilize the Reading of Mpu6050 Sensor.................. 46
Table 4.10 Function to Post Mpu6050 Sensor Reading to Website............... 48
Table 4.11 Function to Detect Fall...............oooiiiiii 49
Table 4.12 Function in InsertDB.php File ... 52
Table 4.13 Function in Read db.php File..................oooiii o4
Table 4.14 Function in ViewReading.php File .................cooiiiiiiiiiiin 55
Table 5.1 Results of Different Fall Types ..........cooviiiiiiiiiiiiiiiiiinnn, 63
Table 5.2 Results of Different Activity Daily Life (ADL).................ooeeeae. 64

Table 5.3 Total Results from the experiment for different Fall Types and ADL 65

Table 6.1 Objective Achievements.............ooviiiiiiiiiiiiii e 67

iii



Abstract

A wearable device to detect fall is a fall detection system that can be wear by users. It is an
Internet-Of-Things (IOT) that implement based on Arduino IDE. There are various method
that can be use to develop this device such as Vision based method, Kinematic/Motion based
method and Acoustic based Method. In this study, it use Kinematic/Motion based method
which applied Accelerometer and Gyroscope Sensor as one of the main components to detect
fall. Experiments were conducted by recording the values obtained from the Accelerometer
and Gyroscope sensors. The readings for each fall were taken five times and then analysed to
find the exact threshold of different types of fall. The results of the experiments were
determined based on Receiver Operating Characteristic (ROC) method which was used to
test fall action such as forward fall, backward fall, side fall and activities of daily life (ADL)

such as sitting walking and running.

Key words: Fall Detection System, Wearable Device, Kinematic/Motion Based Method,
ROC Method.

iv



CHAPTER 1

INTRODUCTION

1.1 Introduction

Nowadays, the Internet of Things (10T) is improving and developing rapidly throughout
the times due to the demands of the society. Fall Detection Device is one of the
applications that based on Internet of Things (I0T) which becomes more important as
time goes by. According to the World Health Organization (WHO, 2018), it states that
falls are the second leading cause of accidental or unintentional injury deaths worldwide.
This shows that fall detection device is crucial in order to reduce the risk of deaths that
caused by fall. This device can be the assistive technology which used by not only the
elders, but also patients or any users that suffer the problem of falling often. In addition,
it can act as monitoring and alerting system once it detects any fall action.

In order to detect the fall, the device must be able to detect the position and movement of
the body. This can be done by detecting the changes of motion and also the acceleration
in the device. Next, it will be recorded into a system and analyses whether it is really a
fall action or not. Once it confirm, it automatically sent an emergency notification that
contain the location of user. With the help of this reliable device, the process of
monitoring of the users become easier because it is impossible to supervise them for 24
hours without the help of this device. Furthermore, it is wearable so that users can bring
it anywhere they go and make sure that it do not cause discomfort to the user. Therefore,
this research focuses on how to develop a wearable device to detect fall which able to
alert people whom they want to alert once needed.



1.2 Problem statement

Every country in the world sure required a healthy citizen as they will be the one who
contribute their efforts in developing nations. By doing so, the use of technology is
one of the methods that can help people nowadays in monitoring their health. People
can use it to monitor their blood pressure, blood glucose level and heart condition. In
addition, technology can be used to detect fall because falling down is one of the
common problem that required attention as it lead to unfortunate consequences. Fall
detection device is use to detect fall type such as the falling forward movement, falling
aside, falling backward, sitting, sleeping, squatting, upstairs, downstairs and praying
(Jefiza, Pramunanto, Boedinoegroho, &Purnomo, 2017). It is important to know the
movement and position of fall for the right use of methods and principles for the
device. As there are many type of fall, it is challenging to ensure that the reading of
the device is accurate. Sensors and algorithms of the device must be able to identify
the accuracy of the fall. This is to prevent the wrong alert once it detects the fall action

as the device function is monitoring and alerting.

There are methods that can be applied for the device such as Wearable Based System
and Non-Wearable Based System. It is proven that the used of Non-Wearable Based is
more powerful in detecting fall because the method is more to vision based where
cameras is used and located strategically. But, it is high cost to develop it and also
cause inconvenient and lack privacy of users because the system located inside the
user’s home. Therefore, it is more effective using a Wearable Based System because it
requires low power consumption, small in size which is portable and low cost compare
to the Non-Wearable Based System. For Wearable Based System, it considers the
body movement, posture and acceleration for fall detection. In order to develop this
wearable fall detection device, there are several components that needed for the
features of fall detection and alerting. In this project, the research is focus on the

wearable device to detect fall. The research questions are as follows:

I. How to classify types of fall?
ii. How to build a wearable device to detect fall?

iii. How to measure the performance of fall detector?

2



1.3 Objectives
Three objectives of this project are as follows:

I.To investigate methods that used to accurately detect fall.
1i.To implement the fall detection algorithm in a wearable fall detection device.
iii.To conduct experiments on the fall detection device by comparing threshold values

of different fall types.

1.4 Methodologies

Phase 1: Phase 2: Phase 3: Phase 4: Phase 5:
Literature Data Analysis Implementation Experiments and
Review Collection and Design Results

Figure 1.1 Research Methodology Phases

From the Figure 1.1, it shows the research phase that required in this project. In Phase
1, it explains and presents in detail about the background of the wearable device to
detect fall where all of the information can be found from any project research that
almost similar to this project. This means that, it can be summarizes in term of its
features and methods that can be use in this project. In Phase 2, we will collect some
information and interpret the types of fall that is suitable so that the detection of fall
can be recorded accurately. This project will focus on the wearable based system
method where it is more effective and convenient for users to use. In Phase 3, this is
where we need to gather information and do the analysis on what hardware or
component that suitable to be use in order to achieve the objective of this project.
After that, we need to decide on the appropriate design that applying all hardware that
has been selected. In Phase 4, the implementation will be done where all hardware will
be assembled accordingly. Lastly, in Phase 5, an experiment will be conducted to
study the performance of the device by recording the reading of accelerometer and
gyroscope sensor. This sensor is use to detect the fall as the reading will show the
body changes acceleration and body rotation speed. In this experiment, there will be
specific threshold for identifying the fall action where it consider fall once the reading

exceed the threshold.



1.5 Scope

This research is limited to the fall detection device that is wearable. This device
will be designed and developed based on Arduino IDE. Fall action is detected by
using accelerometer and gyroscope sensors. The reading of this sensor is taken and
interpreted in order to identify types of fall. This fall detector device connected to
Wi-Fi and experimented inside a room.

1.6 Significance of Project

Outcome of this project which is the fall detection system could help senior citizen
that having risk in falling often and those who need medical attention such as
people who suffered from broken hips in the past. The study of fall detection could
also bring some understanding towards the development of analysis from
experiments on how to detect the fall action for a wearable device by using
accelerometer and gyroscope sensor. Furthermore, the project able to provide
knowledge about classification on different types of fall which classify based on
the results of the experiments. This will bring advantages to the society and
researcher, which is to improve fall detection system in the field of medical or in

healthcare industries.



1.7 Project Schedule
Refer to Appendix A.

1.8 Expected Outcome

The expected outcome of this project is a fall detection device that is built based on
Arduino. This project will produce analyses on experiments that conducted to study
about the fall actions when users use the device.

1.9 Thesis Outline

The remaining Chapters of the thesis are explained in brief:

Chapter 2: Background Study

In Chapter 2, it explains a detailed background for the study of fall detection device,
all methods that used for fall detection device, comparison methods, existing system
based on selected method for this study, placement of devices in term of wearable

devices and classification of falls.

Chapter 3: Methodology

In this chapter, all methods involved will be described. It is important to be clear about
the methodology of the research. The methodology that will be described in this
chapter will explain the implementation of methods to achieve all objectives.

Chapter 4: Implementation

This chapter will contain the implementation steps that have been carried out to
develop the device. Besides, the device developed according to the method that used
in this research. The device tested on different types of fall in a preliminary

experiment to investigate threshold for different types of fall.



Chapter 5: Experiments and results

For this chapter, it shows the performance of the device for different type of falls.
Then, an experiment is conducted to investigate the reliability of the fall detection
device. This experiment is conducted by using threshold from the preliminary in
Chapter 4.

Chapter 6: Conclusion and Future Work

This chapter will summarize the collection of information that obtained from the
experiment. In this study, the objectives of the experiment on the wearable device to
detect fall had been achieved.



CHAPTER 2

BACKGROUND

2.1 Introduction

This chapter will explain the background study and the literature review of the project.
The purpose for background study and literature review is to identify problems in
existing system to improve the system. Besides, it also helps to discover the best

method to achieve the goal of the project based on the research.

2.2 Background of Fall Detection System

According to (Heisler, 2019), a fall detection system have saves the life of a hiker who
had fallen down a cliff. It begins when Prudenciano and Paige Paruso were hiking in
Hartshorne Woods Park before that incident happened. Unfortunately, both of them
got lost and fell from a cliff where Paruso luckily managed to land safely but
Prudenciano fell into a river and crack his back as he landed on a rock. In this
situation, he just screaming to get help because his injuries cause him cannot move his
body. Thankfully, he was wearing an Apple Watch which having the fall detection
system that able to detect fall actions and automatically call 911 for help.

Other than that, this fall detection system also has helped a 67-year old man who falls
seriously in the bathroom which caused him unconscious. But, with the help of this
system, he was able to be saved as the personnel emergency contact is automatically
contacted and they able to arrived immediately 30 minutes later. Therefore, this fall
detection system is very useful to decrease the risk of people getting harm due to fall.
Fall not only caused physical injury, but also caused psychological damage which can
lead to death when there are no immediate medical actions. It is important to have an

immediate response on fall action which can rescue people’s life.
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Figure 2.1 An overview of Fall Detection System (Pannurat, Thiemjarus, &
Nantajeewarawat, 2014)

Figure 2.1 show a general view of a fall detection system. Fall Detection System is an
assistive device whose main objective is to alert when a fall event has occurred (Igual,
Medrano, & Plaza, 2013). The figure also shows the flow of the fall detection device
starts from the device detecting fall action and sent the measurement data to the fall
detection system. Once the system detects a fall, there will be an alert sound produced
and at the same time, an alert message is sent to family members and caregivers via
message. The alert sounds can also alert people surrounding area in order to get help.
Some fall detection system can also send alert messages that include fall actions and

their locations.

According to research by (Yu, 2008), the detection methods are categorized based on
device types into wearable, vision and ambient devices which their characteristics of
fall are divided into three class such as fall from sleeping, fall from sitting and fall
from walking or standing. Similar research by (Perry, Kellog, Vaidya, Jong-Hoon, Ali,
& Sharif, 2009), provided a brief survey on methods for real-time fall detection,
categorizing them into methods that measure only acceleration, use combination of
sensors and do not measure acceleration where observed that every fall had a negative
peak in the acceleration data; moreover, the acceleration change from positive to

negative values and its speed were important for fall detection.
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There are many researches about fall detection system which uses different method to
predict different type of fall. Every method had its advantages and disadvantages.

Figure 2.2 shows three methods that commonly used to design the system.

Vision Based Method

Methods in Fall Kinematic/Motion

Detection Device \ Based Method

Acoustic Based Method

Figure 2.2 Methods to Design Fall Detection System

2.3 Vision Based Method

Data acquisition

1l

Image segmentation

1

Feature extraction

1l

Fall detection

1l

Fall classification

Figure 2.3 Five main stages in Vision Method



This method is based on the silhouette shape of humans. This means that data can be
collected from camera to detect potential fall. From the Figure 2.3, the first stage is
data acquisition where it getting video sequences or frames from cameras. For image
segmentation, data or image is collected from the body silhouette of humans by
removing the background. For feature extraction, it depends on the size of the
silhouette and its position. As the size of the silhouette changes when distance of body
to camera changes, five areas of human body which is from the five lines of
silhouette’s centre of gravity so that accurate size and position can be obtained. From
the Figure 2.4, it shows how the feature is extracted. The first is vertical line and the
other two line is 45° on each side of the first line. The remaining segments are 100° on
each side of two line. According to (Fouzi, Nabil, Ying, & Amrane, 2017), it used a
MEWMA-based for fall detection and used SVM-based the classification of fall.

. Faatures -
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- L]
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Frames of a video
sequence

Figure 2.4 Extraction of feature (Fouzi, Nabil, Ying, & Amrane, 2017)

2.3.1 MEWMA-Based for Fall Detection

Multivariate Exponentially Weighted Moving Average (MEWMA) is a technique of
monitoring scheme that detect fall effectively because it really sensitive to any small
shifts or changes. MEWMA statistic is a time-weighted average of all previous
observations. MEWMA chart is used for monitoring the mean of a multivariate
normally distributed process (Haq & B.C. Khoo, 2018).
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2.3.2 SVM-Based for Classification of Fall

Support Vector Machine (SVM) can be applied to classify fall types. The principle of
the SVM is to transform the feature’s space into a higher dimensional space using a
kernel function where transformation allows the obtaining of data approximately
linear, and then defining the optimal separating hyper plane in the transformed space
to classify different samples (Fouzi, Nabil, Ying, & Amrane, 2017). SVM is a linear
and nonlinear classifier. Three kernels functions can be used for classification process

such as linear, polynomial and radial basis.

2.4 Kinematic/Motion Based method

Kinetic Based
Method

/

Accelerometer Gyroscope

Figure 2.3 Sensors that used in Kinematic Based Method

Kinematic Based Method detects fall actions by sensing motion or movement of
human. Accelerometer and Gyroscope commonly used for fall detection because of
the affordable cost to implement it and it is a wearable sensor that can be placed on
human body. These sensors can obtain kinematic data from the movement of human.
Accelerometer is a motion sensor that can measure the acceleration (change in
speed/velocity divide time) forces that are static or with movements such as free fall
(Goodrich, 2013). Next, Gyroscope is a sensor that can measure the orientation and
angular velocity of an object that is the change of the rotational angle of the object per
unit of time (Elprocus, 2013). This means that, it can sense the posture of the body
when fall. According to research by (Igual, Medrano, & Plaza, 2013), techniques that
use for fall detection are Threshold-Based Method (TBM) and Machine Learning
Method (MLM).
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