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ABSTRAK 

 

 

 

Sistem Panggilan Jururawat adalah pertahanan garis pertama untuk pesakit yang berada 

di bawah unit rawatan perubatan. Walau bagaimanapun, masalah yang ada dengan 

sistem panggilan jururawat tradisional adalah sistem kabel dan sistem pengesanan 

kejatuhan tradisional kebanyakannya pasif. Sekiranya pesakit jatuh dan tidak sedarkan 

diri, dia tidak akan dapat meminta bantuan. Oleh itu, sebuah sistem telah dibangunkan 

untuk menangani masalah ini dengan menggunakan Wi-Fi sebagai protokol tanpa wayar 

untuk peranti Butang Panggilan Jururawat untuk berkomunikasi dengan server Stesen 

Jururawat. Tambahan pula, sebuah tri-paksi pecutan telah ditambahkan di dalam butang 

Panggilan Jururawat untuk mengesan kejatuhan yang berdasarkan atas nilai ambang. 

Jika nilai yang dikesan melebihi nilai ambang, isyarat kejatuhan akan dihantar ke Stesen 

Jururawat dan dipaparkan pada Paparan LED Dot Matrix. Peranti Paparan LED Dot 

Matrix ini akan memaparkan ID pesakit dan status (sama ada jatuh atau panggilan). Di 

samping itu, pangkalan data telah dicipta untuk menyimpan sejarah dan status terkini. 

Data-data ini boleh dilihat di laman web di Komputer Perawat Jururawat. Tambahan 

pula, julat sistem ini berdasarkan kekuatan isyarat Wi-Fi. Ini telah diuji di dalaman dan 

di luaran dengan menggunakan hotspot mudah alih. Hasilnya menunjukkan bahawa 

isyarat luaran lebih kuat daripada dalaman kerana hotspot mudah alih bergantung 

kepada rangkaian selular dan ambang batas yang dicadangkan ialah 16.  
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ABSTRACT 

 

 

 

Nurse Call System is the first line of defense for patients who are under medical care 

unit. However, the existing problems with the traditional nurse call systems are the 

systems are hard-wired and the traditional fall detection systems are mostly passive. If a 

patient fell to unconscious mind, he or she will not able to call for help. Therefore, a 

system is developed to tackle these problems by using Wi-Fi as the wireless protocol for 

the Nurse Call Button devices to communicate with the Nurse Station servers. Moreover, 

an accelerometer is embedded inside of the Nurse Call button to detect falls based on the 

threshold value. If the value detected exceeds the threshold, the fall signal will be sent to 

Nurse Station and displayed on the LED Dot Matrix Display. This LED Dot Matrix 

Display device displays the respective patient ID and the status (either fall or call). In 

addition, a database is created to store the history and the updated status. These can be 

viewed on the webpage in Nurse Station Computers. The range of the system is based on 

the strength of Wi-Fi signal. This system has been tested indoors and outdoors using a 

mobile hotspot. The result shows that the outdoor signal is stronger than indoor due to 

mobile hotspot relies on cellular network and the ideal falling threshold is 16.  

 

  



 

viii 

 

 

DEDICATION 

 

 

To My Parents 

Thank you for showering me with your continuous love and devotion. It will always be 

remembered and kept in my heart.   

To My Supervisor and Lecturer 

Thank you for all the knowledge and support. Your patience, support and words of 

encouragement gave me enormous strength throughout the whole project. 

To My Senior 

Kong Hui Fen, 

Thank you for offering guidance and directions when I am at lost. 

To All Friends 

Thank you for your advices, supports and motivations. 

  



 

ix 

ACKNOWLEDGEMENTS 

 

 

Firstly, I would like to express my deepest gratitude to Sir Shamsul Fakhar Bin 

Abd Gani, my supervisor for his patience and guidance throughout the project. 

 

Secondly, I would also like extend my gratitude to Prof. Madya Mohd. Rahimi 

bin Yusoff, Dean of Faculty of Electrical and Electronics Engineering Technology for the 

continuous encouragement. In addition, I am also grateful to Encik Aiman Zakwan bin 

Jidin, my co-supervisor for his advices and guidance for this project. 

 

Next, I would like to take this opportunity to express the profound gratitude from 

my heart to my beloved parents and siblings for their continuous support both spiritually 

and materially. 

 

Last but not least, I would like to thank my friends, for they have been assisting 

me in my project as well as lending me their equipment and materials. Moreover, I also 

appreciate the kind words and their selfless act which granted me a stronger will in 

completing the project.  

 

  



 

x 

TABLE OF CONTENTS 

PAGE 

TABLE OF CONTENTS x 

LIST OF TABLES                                                                                             xv 

LIST OF FIGURES xvi 

LIST OF APPENDICES xxi 

LIST OF SYMBOLS xxii 

LIST OF ABBREVIATIONS xxiii 

1.1 Introduction 1 

1.2 Background 1 

1.2.1 Nurse Call System 1 

1.2.2 Fall detection 2 

1.3 Problem Statement 3 

1.4 Project Objective 4 

1.5 Project Scope 4 

2.1 Introduction 5 

2.2 Nurse Call System 5 



 

xi 

2.3 Comparison between different nurse call systems 5 

2.3.1 Low cost and robust nurse calling system 5 

2.3.2 US Patent of highly reliable system and method for delivery of life-

critical alarms 7 

2.3.3 Wired nurse calling system 8 

2.3.4 Smartphone nurse call system 10 

2.4 Wireless Protocols 11 

2.4.1 Working Principle of wireless protocols 12 

2.4.1.1       Bluetooth 12 

2.4.1.2       Ultra-wideband (UWB) 12 

2.4.1.3       ZigBee 12 

2.4.1.4       Wireless Fidelity (Wi-Fi) 13 

2.4.1.5       Comparison between wireless protocols 14 

2.4.2 Comparative study between ZigBee and Wi-Fi 15 

2.5 Fall detection 16 

2.5.1 First generation system 17 

2.5.2 Second generation system 17 

2.5.2.1        Fall detection using ground sensor network 18 

2.5.2.2        Fall detection using tri-axial accelerometer with                      

Neural network 20 

2.5.3 Third generation system 23 



 

xii 

2.5.4 Comparison between three generations of fall detection system 25 

2.6 Arduino ATmega328 Microcontroller 25 

2.6.1 Arduino Uno Rev3 27 

2.6.2 Arduino Nano 29 

2.6.3 Arduino Pro Mini 30 

2.7 Database Management System 31 

2.7.1 Related work 32 

3.1 Introduction 35 

3.2 Project workflow 35 

3.3 Requirement analysis 36 

3.4 System Design 37 

3.4.1 Component Selection 38 

3.4.1.1        Wireless protocol selection  38 

3.4.2 Hardware Selection 38 

3.4.2.1       Arduino Uno Rev3 microcontroller  38 

3.4.2.2        Cytron ESP8266 Wi-Fi Shield  39 

3.4.2.3        MPU 6050 tri-axial accelerometer & Gyro Module 40 

3.4.2.4       4-in-1 MAX7219 Dot Matrix Module  40 

3.4.3 Software selection 41 



 

xiii 

3.4.4 Arduino IDE 41 

3.4.4.1        MySQL database system  42 

3.4.4.2        XAMPP server  42 

3.5 System Implementation 43 

3.5.1 Hardware connection to Arduino Uno Rev3 43 

3.5.2 Software structure 44 

3.6 System Integration 46 

3.6.1 Patient Unit System Integration 46 

3.6.2 Nurse Station Display System Integration 47 

3.7 System Operation 47 

4.1 Introduction 50 

4.2 Results 50 

4.2.1 Hardware Result 50 

4.2.1.1        Nurse call button and fall detector  52 

4.2.1.2        Demonstration for transmitting call signal  53 

4.2.1.3        Demonstration for transmitting a cancel signal  55 

4.2.1.4        Demonstration for transmitting fall signal  56 

4.2.2 Software Result 57 

4.2.2.1        Database  57 



 

xiv 

4.2.2.2       Structure of Nurse Call System database  58 

4.2.3 Webpage 59 

4.3 System connected to Wi-Fi 61 

4.4 Cost of the System 62 

4.5 Analysis of Nurse Call System 63 

4.5.1 Wi-Fi connection 63 

4.5.2 Indoor Wi-Fi signal analysis 64 

4.5.3 Outdoor Wi-Fi signal analysis 65 

4.5.4 Comparison 67 

4.5.5 Falling threshold 67 

5.1 Introduction 70 

5.2 Findings and outcomes 70 

5.3 Drawbacks of the project 71 

5.4 Future Enhancements 72 



 

xv 

LIST OF TABLES 

TABLE  TITLE PAGE 

 

Table 2.1  Comparison of Bluetooth, UWB, ZigBee and Wi-Fi Protocols 

(Pothuganti and Chitneni, 2014). 14 

Table 2.2  Comparison between specifications of ZigBee and Wi-Fi. Extracted 

from Baviskar et al. (2015). 15 

Table 2.3  The comparison of three generation fall detection systems. 25 

Table 2.4  The technical specifications of Arduino Uno Rev3. 28 

Table 2.5  Comparison among Microsoft Access, MySQL and Oracle. Extracted 

from solid IT (2018). 31 

Table 4.1  The association between urgent and status parameters. 51 

Table 4.2 The cost of the project. 62 

Table 4.3  The result of Wi-Fi connectivity at indoor. 65 

Table 4.4  The result of Wi-Fi connectivity at outdoor. 66 

Table 4.5  The result of Free Fall Threshold Value ranging from 14 to 19. 68 

 

  



 

xvi 

LIST OF FIGURES 

FIGURE  TITLE PAGE 

 

Figure 2.1  The prototype of the low cost and robust nursing care device (Gupta 

and Kumar, 2016). 6 

Figure 2.2  The block diagram of the system (Soomro. et al., 2017). 8 

Figure 2.3  The block diagram of the Patient control unit (Sharma and Gautam, 

2015). 9 

Figure 2.4  The designed transmitter and receiver circuits (Sharma and Gautam, 

2015). 10 

Figure 2.5  Smartphone nurse call system (Chuang et al., 2015). 11 

Figure 2.6  The topologies available in ZigBee technology (Jha and Gupta, 

2015). 13 

Figure 2.7  First generation community alarm fall detector. 17 

Figure 2.8  The smart tile which is equipped with accelerometer with four force 

sensors (Daher et al., 2016). 19 

Figure 2.9  The floor plan of the tiles composing the sensing floors (Daher et al., 

2016). 19 

Figure 2.10  Data processing to categorise the data into Falling/Non-falling 

fragment (Daher et al., 2016). 20 

Figure 2.11  The procedure of the research (Jefiza et al., 2017). 21 

Figure 2.12  Design of the fall detector device (Jefiza et al., 2017). 21 

Figure 2.13  The axes of accelerometer and gyroscope (Jefiza et al., 2017). 23 



 

xvii 

Figure 2.14  The un-identifiable 3-dimensional image of a patient walking (Potter 

et al., 2017). 24 

Figure 2.15  The hydraulic bed sensor that is placed underneath the mattress (Potter 

et al., 2017). 24 

Figure 2.16  Pin configuration of ATMega-328 IC (Sudhan et al., 2015). 26 

Figure 2.17  ATMega-328 IC (Sudhan et al., 2015). 26 

Figure 2.18  Labelled software part of Arduino IDE (Badamasi, 2014). 27 

Figure 2.19  Labelled hardware parts of Arduino board (UNO) (Badamasi, 

2014). 28 

Figure 2.20  Arduino Nano Pin Layout (Deshmukh, 2016). 29 

Figure 2.21  The technical specifications of Arduino Nano. 29 

Figure 2.22  Arduino Pro Mini with all parts labelled. 30 

Figure 2.23  The technical specifications of Arduino Pro Mini. 30 

Figure 2.24  Project flow chart of web-based real time haze monitoring system (Ya 

et al., 2016). 33 

Figure 2.25  The web interface of the real-time data from haze monitoring data (Ya 

et al., 2016). 33 

Figure 2.26 The interface of webpage for student record management system 

(Walia and Gill, 2014). 34 

Figure 3.1  The modified stages in waterfall model. 35 

Figure 3.2  Flowchart of the Nurse Call System. 36 

Figure 3.3  The complete nurse call system with automated fall detection setup. 37 



 

xviii 

Figure 3.4  Block diagram for the use of Arduino Uno in Nurse call system using 

Wi-Fi protocol. 38 

Figure 3.5  Arduino Uno board. 39 

Figure 3.6  The Cytron ESP8266 Wi-Fi module. 39 

Figure 3.7  The SW-520D tilt sensor module. 40 

Figure 3.8  The 4 in 1 MAX7219 Dot Matrix Module. 40 

Figure 3.9  The logo of the Arduino IDE. 41 

Figure 3.10  The logo of MySQL. 42 

Figure 3.11  The logo of XAMPP. 42 

Figure 3.12  Cytron ESP8266 Wi-Fi shield is attached to Arduino Uno Rev3. 43 

Figure 3.13  Connection of tri-axial accelerometer to Arduino Uno. 44 

Figure 3.14 Connection of a MAX7219 LED Dot Matrix display to Arduino 

Uno. 44 

Figure 3.15  The table structure for nurse call system database. 45 

Figure 3.16  The expected web display of the nurse call system. 45 

Figure 3.17  The assembly of the nurse call button with a tri-axial accelerometer 

connected to Wi-Fi shield on an Arduino Uno. 46 

Figure 3.18  The assembly of tilt sensor connected to Wi-Fi shield on an Arduino 

Uno. 47 

Figure 3.19  The flowchart of call signal in nurse call button. 48 

Figure 3.20  Flowchart of fall detector. 48 

Figure 3.21  The flowchart of the LED Dot Matrix display system. 49 



 

xix 

 Figure 3.22  Flowchart for the database and web page display. 49 

Figure 4.1  The complete connection of the Nurse call buttons with Fall detector 

using TinkerCad. 52 

Figure 4.2  The complete connection of Nurse Call Buttons with Fall detector on 

strip boards. 52 

Figure 4.3  The casing for Nurse Call Button. 53 

Figure 4.4  The call LED is lit up when the call button has been pressed. 53 

Figure 4.5  The display on MAX 7219 LED Dot Matrix when a Call signal is 

received from Patient ID 100. 54 

Figure 4.6  The call data of Patient ID 100 is updated on Real Time database at 

nurse station. 54 

Figure 4.7  The Cancel LED is lit up when the Cancel button has been pressed. 55 

Figure 4.8  The LED Dot Matrix displays nothing when there is no call or fall 

signal received from Patient. 55 

Figure 4.9  The display on MAX 7219 LED Dot Matrix when a Fall signal is 

received from Patient ID 100. 56 

Figure 4.10  The fall data of Patient ID 100 is updated on Real Time database at 

nurse station. 56 

Figure 4.11  The plastic casing for Nurse Call Button. 57 

Figure 4.12  The existing Patient_ID which are inserted manually so that it can be 

updated. 58 

Figure 4.13  The structure of nurse_call_system which shows the real time data of 

nurse call system. 58 



 

xx 

Figure 4.14  The structure of nurse_call_history which shows the records of nurse 

call system. 59 

Figure 4.15  The queries obtained from send.php. 59 

Figure 4.16  Sending data using URL. 59 

Figure 4.17  Getting data using URL. 60 

Figure 4.18  The web display of nurse_call_system which shows the real time data 

from the Nurse Call System. 60 

Figure 4.19  The web display of nurse_call_history which shows the records from 

the Nurse Call System. 60 

Figure 4.20  The layout of ESP8266 Cytron Wi-Fi shield. 61 

Figure 4.21  The IP configurations of the nurse station server computer when 

connected to Wi-Fi. 62 

Figure 4.22  The corridor inside of Factory 1, FTK. 64 

Figure 4.23  The corridor between FTK building and Factory 2. 66 

Figure 4.24  The falling motion. 68 

Figure 5.1 Four units of AA batteries and one unit of 9V battery. 72 

 

  



 

xxi 

LIST OF APPENDICES 

APPENDIX TITLE PAGE 

Appendix 1  Gantt Chart 76 

Appendix 2  Coding for Nurse Call Button 77 

Appendix 3  Coding for Nurse Station Display 82 

Appendix 4  Coding for dbconnect.php 87 

Appendix 5  Coding for index.php 88 

Appendix 6  Coding for history.php 90 

Appendix 7  Coding for send.php 92 

Appendix 8  Coding for get.php 93 

Appendix 9  Coding for new1.css 94 

Appendix 10  Coding for new2.css 95 

 

  



 

xxii 

LIST OF SYMBOLS 

b 
- byte 

GHz 
- Gigahertz  

k 
- kilo 

m 
- metre 

MHz 
- Megahertz 

mm 
- millimetre 

s 
- second 

𝝅 
- pi value 

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  



 

xxiii 

LIST OF ABBREVIATIONS 

AP Access Point 

API Application Programming Interface 

BCG Ballistocardiogram 

BPNN Backpropagated Neural Network 

DBMS Database Management System 

ECG Electrocardiography 

FFD Full Function Device 

FTDI Future Technology Devices International 

Gen. Generation 

HTML Hypertext Markup Language 

I2C Inter-Integrated Circuit 

ICSP In-circuit Serial Programming 

IEEE Institute of Electrical and Electronics Engineers 

IP Internet Protocol 

LCD Liquid Crystal Display 

LED Light Emitting Diode 

LR-WPANS Low-Rate Wireless Personal Area Network 

MB/s MegaByte per second 

MEMS Micro-Eletro-Mechanical Systems 

PHP Hypertext Preprocessor 

PIR Passive Infrared 



 

xxiv 

PWM Pulse Width Modulation 

RC4 Rivest Cipher 4 

RFD Reduced Function Device 

SQL Structured Query Language 

TUG Timed Up and Go 

USB Universal Serial Bus 

UWB Ultra Wide Band 

VoIP Voice over Internet Protocol 

WEP Wired Equivalent Privacy 

Wi-Fi Wireless Fidelity 

WLAN Wireless Local Area Network 

XAMPP 
Cross-Platform (X), Apache (A), MySQL (M), PHP (P), Perl 
(P) 

 

 


