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ABSTRACT 

 

Cardiac arrest occurs when the heart unexpectedly malfunctions and stops 

breathing and pumping blood. Cardiopulmonary resuscitation, an emergency 

resuscitation procedure, must be performed as soon as possible when the patients suffer 

cardiac arrest to prevent brain damage or stop breathing. If not, it may lead to a person 

dead even in a short time (from 8-10 minutes) of cardiac arrest. According to the 

American Heart Association, proper CPR must be performed at a depth of 5 cm in the 

sternum and a rate of chest compressions of 100 to 120 breaths per minute. Therefore, 

medical personnel or the person who performs CPR must be well-trained to conduct 

proper CPR. For this reason, CPR machines are demanded to assist and support medical 

personnel in saving human lives. The automatic resuscitation system is a technological 

solution aimed at improving the efficiency and effectiveness of cardiopulmonary 

resuscitation (CPR) procedures. The system integrates features such as an App Inventor 

interface for easy control and monitoring, a linear actuator for chest compressions, and 

an optical-based pressure measurement system for assessing pressure distribution. 

Through extensive testing and evaluation, the system demonstrates its ability to deliver 

precise chest compressions and provide real-time feedback on the effectiveness of 

resuscitation efforts. By leveraging technology and innovation, this automatic 

resuscitation system offers a promising approach to enhancing CPR outcomes and 

ultimately saving lives.  
This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



ii 
 

 

 

ACKNOWLEDGEMENTS 
 

This project would not be complete without the assistance of many people. I'd 

like to express my gratitude to the biomedical engineering department, professors, 

family, and everyone else for providing me with the opportunity to study in this 

department and have been there for me throughout the last few years. 

My project advisor, Assoc.Prof. Dr. Chuchart Pintavirooj, assisted me in 

completing this project. I am able to complete the objective that I have intended thanks 

to the comments and corrections received throughout this project.  

This project was passed down from Miss Thananchanok Anu-ekjit, and I'd like 

to express my gratitude to Miss Thananchanok for her assistance with this project. In 

addition, I'd like to thank the Faculty of Engineering, particularly the Biomedical 

Engineering Department, for providing the research space and equipment necessary to 

finish this project. 

Finally, I'd like to express my gratitude to all of the other persons who assisted 

and supported me throughout the making of this project. 
Rawin Keakultanes  

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



iii 
 

TABLE OF CONTENTS 
 

 Page 

ABSTRACT .................................................................................................................. (i) 

 

ACKNOWLEDGEMENTS .........................................................................................(ii) 

 

LIST OF TABLES  ..................................................................................................  (vii) 

 

LIST OF FIGURES ................................................................................................. (viii) 

 

LIST OF SYMBOLS/ABBREVIATIONS ................................................................. (xi) 

 

CHAPTER 1 INTRODUCTION ...................................................................................1 

1.1 What is cardiopulmonary resuscitation? ......................................................1 

1.2 The need for automation of CPR .................................................................3 

1.3 Objectives of the study.................................................................................4 

1.4 Scope of the study ........................................................................................5 

 

CHAPTER 2 OVERVIEW OF AUTOMATED CPR SYSTEM ..................................6 

2.1 Cardiopulmonary resuscitation (CPR) .........................................................6 

2.2 History of CPR .............................................................................................6 

2.3 When to Use Automated CPR ......................................................................8 

2.4 Difference between Cardiac Arrest and Cardiac Attack ..............................8 

2.5 Method of cardiopulmonary resuscitation....................................................9 

2.6 CPR Techniques .........................................................................................11 

2.7 Difference method of cardiopulmonary resuscitation between Infant, 

Children, and Adults ........................................................................................12 

2.7.1 Method of performing cardiopulmonary resuscitation for Infant ......12 

2.7.2 Method of performing cardiopulmonary resuscitation for child ........13 This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



iv 
 

2.7.3 Method of performing cardiopulmonary resuscitation for adults ......15 

2.8 EXISTING MECHANICAL CPR DEVICES ...........................................16 

2.8.1 Lucas chest compression system ........................................................18 

2.8.2 The ZOLL AutoPulse Resuscitation System......................................19 

2.8.3 ResQPump Automatic CPR Device ...................................................21 

2.8.4 EASY PULSE CPR Device ...............................................................23 

2.9 The effectiveness of the automatic CPR devices .......................................25 

2.9.1 Is CPR that is performed automatically effective? .............................26 

2.9.2 The time considerations......................................................................27 

2.9.3 The safety considerations ...................................................................28 

2.9.4 Situational factors ...............................................................................29 

2.9.5 Economic considerations ....................................................................30 

2.10 The automatic cardiopulmonary resuscitation device materials ..............32 

2.10.1 Linear actuator ..................................................................................33 

2.10.2 Motor driver .....................................................................................35 

2.10.3 Arduino Uno .....................................................................................40 

2.10.4 Ultrasonic sensor ..............................................................................43 

2.10.5 Bluetooth Module .............................................................................45 

2.10.6 Pushbutton ........................................................................................46 

2.10.7 Power source ....................................................................................48 

      2.10.7.1 AC adapter ...............................................................................49 

2.10.8 Force sensor ......................................................................................51 

2.10.9 ECG Module.....................................................................................53 

      2.10.9.1 Abnormal electrocardiogram ...................................................55 

2.11 Chapter 2 Summary ..................................................................................56 

 

CHAPTER 3 SYSTEM INSTALLATION AND DESIGN ........................................57 

3.1 Introduction ................................................................................................57 

3.2 Material and method ...................................................................................58 

3.3 Design of automatic cardiopulmonary resuscitation device ......................60 

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



v 
 

3.4 App Inventor ..............................................................................................68 

3.5 Circuit diagrams .........................................................................................72 

3.6 Hardware part .............................................................................................76 

3.7 Optical-Based Pressure Measurement System ...........................................82 

3.8 Proposed Solution ......................................................................................84 

3.9 Chapter 3 Summary ....................................................................................85 

 

CHAPTER 4 EXPERIMENTAL RESULT ................................................................87 

4.1 Introduction ................................................................................................87 

4.2 Evaluation ..................................................................................................87 

4.2.1 Performance and Effectiveness ...............................................................87 

4.2.2 Limitations and Areas for Improvement .................................................88 

4.3 Compression result.....................................................................................93 

4.4 The compression rate .................................................................................96 

4.5 FSR result...................................................................................................97 

4.6 ECG result ..................................................................................................98 

     4.6.1 ECG result 30 bpm.............................................................................99 

     4.6.2 ECG result 60 bpm...........................................................................100 

     4.6.3 ECG result 120 bpm.........................................................................101 

     4.6.4 ECG result with noise ......................................................................103 

4.7 Ultrasonic and ECG .................................................................................105 

      4.7.1 Ultrasonic and ECG 30 bpm ...........................................................105 

      4.7.2 Ultrasonic and ECG 60 bpm ...........................................................106 

      4.7.3 Ultrasonic and ECG 120 bpm .........................................................107 

      4.7.4 Ultrasonic and ECG 30 bpm ...........................................................108 

4.8 Pressure map result ..................................................................................109 

4.8.1 Pressure map measurement by 100 mm diameter rubber .................112 

4.8.2 Pressure map measurement by 30 mm diameter rubber  ..................115 
This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



vi 
 

4.8.3 Pressure map measurement by linear actuator .................................116 

4.8.4 Pressure map measurement by hand ................................................119 

4.8.5 Pressure map measurement summary ..............................................120 

4.9 Testing Summary .....................................................................................121 

4.10 Testing and Evaluation Summary ..........................................................123 

 
CHAPTER 5 CONCLUSION ...................................................................................125 

5.1 Introduction ..............................................................................................125 

5.2 Summary ..................................................................................................125 

5.3 Conclusions ..............................................................................................127 

5.4 Future work ..............................................................................................129 

 

REFERENCES ..................................................................... 132 

  

APPENDICES 

APPENDIX A ................................................................................................149 

APPENDIX B ................................................................................................153 

APPENDIX C ................................................................................................155 

APPENDIX D ................................................................................................157 

APPENDIX E ................................................................................................159 

 

BIOGRAPHY ...................................................................... 161 

 

  

  

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



vii 
 

LIST OF TABLES 

 
Tables  Page 

3.6.5 FSR sensors calibration.......................................................................................80 

4.3 Ultrasonic data on serial monitor ...........................................................................94 

4.8 A set of known weights and the associated computed forces and pressures and 

Plot of average intensity and the pressure [158] ........................................................111 

 

  

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



viii 
 

LIST OF FIGURES 

 
Figures Page 

2.8.1 Lucas’s chest compression machine [44] .......................................................... 19 

2.8.2 ZOLL AutoPulse Resuscitation System [50] ..................................................... 21 

2.8.3 ResQPump Automatic CPR Device [55]  ...........................................................22 

2.8.4 EASY PULSE CPR Device [61] ....................................................................... 24 

2.10.1 LX800 linear actuator motor [91] .....................................................................34 

2.10.2 Motor driver L298N [96] ..................................................................................37 

2.10.2.1 Motor driver shield MD10 R2 [101] ..............................................................39 

2.10.3 Arduino Uno [112] ............................................................................................42 

2.10.4 Ultrasonic sensors [121] ...................................................................................44 

2.10.5 Bluetooth Module HC-05 [127] ........................................................................46 

2.10.6 Red and Green momentary push button switch [131] ......................................47 

2.10.7 Power supply [137] ...........................................................................................49 

2.10.7.1 AC adapter [143]............................................................................................50 

2.10.8 Force sensitive resistor [148] ............................................................................52 

2.10.9 ECG module [154] ............................................................................................54 

3.3.1 Design of the base of automatic CPR device ......................................................60 

3.3.2 Design of the motor holder of automatic CPR device ........................................61 

3.3.3 Design of the rubber of automatic CPR device ..................................................62 

3.3.4 Linear actuator connector ...................................................................................63 

3.3.5 Assembly design of the automatic CPR device ..................................................64 

3.3.6 Assembly design of the emergency ventilator ....................................................66 

3.4 App Inventor interface design ................................................................................68 

3.4.1 App Inventor block diagram ...............................................................................70 

3.5 Circuit diagram for compression linear actuator ...................................................72 

3.5.1 Circuit diagram for the second linear actuator ....................................................73 

3.5.2 Circuit diagram for force sensors  .......................................................................74 

  

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



ix 
 

LIST OF FIGURES (Continue) 
 

3.5.3 Circuit diagram for ECG module [157] ..............................................................75 

3.6.1 Second linear actuator installation ......................................................................76 

3.6.2 The Automatic CPR machine .............................................................................77 

3.6.3 ECG module and FSR sensors ............................................................................78 

3.6.4 FSR sensors position ...........................................................................................79 

3.6.6 Total assembly of the automatic CPR system.....................................................81 

3.7 Design of optical-based pressure measurement device [158] ................................83 

4.2 Hand position .........................................................................................................89 

4.2.1 Ultrasonic display on mobile phone ...................................................................91 

4.3 Graph showing compression data ..........................................................................93 

4.5 FSR results on serial monitor .................................................................................97 

4.6.1 ECG results on serial plotter (30 bpm) ...............................................................99 

4.6.1.2 ECG time delay on serial plotter (30 bpm) ......................................................99 

4.6.2 ECG result on serial plotter (60 bpm) ...............................................................100 

4.6.2.2 ECG time delay on serial plotter (60 bpm) ....................................................101 

4.6.3 ECG results on serial plotter (120 bpm) ...........................................................101 

4.6.3.2 ECG time delay on serial plotter (120 bpm) ..................................................102 

4.6.4 ECG results on serial plotter with noise ...........................................................103 

4.7.1 ECG results and ultrasonic distance at 30 bpm ................................................105 

4.7.2 ECG results and ultrasonic distance at 60 bpm ................................................106 

4.7.3 ECG results and ultrasonic distance at 120 bpm ..............................................107 

4.7.4 ECG atrial fibrillation results on serial plotter with ultrasonic .........................108 

4.8 Optical-Based Pressure Measurement device ......................................................109 

4.8.1 100mm diameter rubber ....................................................................................113 

4.8.1.1 Pressure results from 100mm diameter rubber ..............................................113 

4.8.1.2 Pressure results from 100mm diameter rubber that  

tilted during compression ...........................................................................................114 

4.8.2 30mm diameter rubber on linear actuator .........................................................115 

4.8.2.1 Pressure results from 30mm diameter rubber ................................................115 

4.8.3 Pressure results from linear actuator .................................................................117 This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



x 
 

LIST OF FIGURES (Continue) 
 

4.8.3.1 Head of linear actuator ...................................................................................118 

4.8.4 Pressure results of hand ....................................................................................119 

 

 

 

  

 

  

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



xi 
 

LIST OF SYMBOLS/ABBREVIATIONS 

 
Symbols/Abbreviations Terms 

CPR Cardiopulmonary resuscitation 

CPM Compression per minute 

AHA American Heart Association 

CPP Coronary perfusion pressure 

RAP Right atrial pressure 

ETCO2 End-tidal carbon dioxide 

LDB Load-distributing band 

ROSC Return of Spontaneous Circulation 

BVM Bag valve mask 

CIRC Circulation improving resuscitation care 

CT Computed tomography 

PWM Pulse Width Modulation 

USB Universal Serial Bus 

LED Light Emitting Diode 

V Voltage 

GND Ground 

Hz Hertz 

AF Atrial fibrillation 

mm Millimeter 

cm Centimeter 

in Inch 

ECG Electrocardiogram 

EMS Emergency medical services 

AED Automated external defibrillator 

BPM Beats per minute 

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



1 
 

CHAPTER 1 

INTRODUCTION 
 

This chapter discusses the overall topics of this study and situates the rationale 

for the work within a broader historical and philosophical framework. Following that, 

the reason for the project's inquiry and the objectives that have been established are 

described, followed by a description of the project as a whole. Finally, a summary of 

the dissertation is provided on a chapter-by-chapter basis at the conclusion. 

The purpose of this chapter is to introduce the automatic resuscitation system 

project, highlighting the need for automation in cardiopulmonary resuscitation (CPR). 

It outlines the objectives of the project, focusing on improving the effectiveness and 

efficiency of resuscitation efforts. By establishing the importance of automation in CPR 

and setting clear project goals, Chapter 1 sets the stage for the subsequent chapters, 

which delve into the system's design, implementation, experimental results, and future 

possibilities. 

 

1.1 What is cardiopulmonary resuscitation? 

Cardiopulmonary resuscitation (CPR) is a life-saving technique that is used to 

restore the function of the heart and lungs in individuals who have suffered cardiac 

arrest or respiratory failure. CPR is a vital tool in emergency medical care and is a 

fundamental skill that every person should learn [1]. CPR is designed to provide a 

constant flow of oxygenated blood to the vital organs of the body, especially the brain 

until medical professionals can take over. It involves a combination of chest 

compressions and rescue breathing, which work together to restore circulation and 

breathing in the individual. Chest compressions are performed by pressing down on the 

chest of the individual to stimulate the heart to pump blood. Rescue breathing involves 

providing artificial respiration to the individual by blowing air into their lungs, 

mimicking the process of normal breathing [2]. The primary goal of CPR is to maintain 

the flow of oxygenated blood to the brain and other vital organs, preventing brain 

damage and death. The brain can survive for only a few minutes without oxygen, and 

the chances of survival decrease rapidly with each passing minute. Therefore, it is 
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essential to start CPR as soon as possible and to continue until medical help arrives. 

CPR can be performed on individuals of all ages, including infants, children, and adults. 

The technique may vary slightly depending on the age and size of the individual, but 

the basic principles remain the same. CPR is a critical skill that can be the difference 

between life and death in emergency situations. The American Heart Association 

recommends that everyone learn CPR, and various courses are available to teach the 

technique to individuals of all backgrounds and experience levels. Many workplaces, 

schools, and community organizations also offer CPR training to their members to 

prepare them to respond in an emergency [3]. 

There are different types of CPR that can be used depending on the situation and 

the age of the patient. In this essay, we will discuss the three main types of CPR, 

including hands-only CPR, conventional CPR, and pediatric CPR, along with 

references to support the information. 

1. Hands-only CPR 

Hands-only CPR, also known as compression-only CPR, is a simplified version of 

CPR that involves performing chest compressions without rescue breaths. This 

technique is recommended for adults who have collapsed due to sudden cardiac arrest 

and do not show signs of breathing. It has been shown to be just as effective as 

conventional CPR in the early stages of cardiac arrest. 

The American Heart Association (AHA) recommends that bystanders who witness 

a sudden collapse should call 911 and immediately start hands-only CPR until 

emergency medical services arrive. Hands-only CPR involves pressing down on the 

center of the chest at a rate of 100-120 compressions per minute until help arrives [1]. 

2. Conventional CPR 

Conventional CPR involves a combination of chest compressions and rescue 

breaths. This technique is recommended for individuals of all ages who have suffered 

cardiac arrest or respiratory failure. It involves pressing down on the chest to stimulate 

the heart to pump blood while also providing artificial respiration to the individual by 

blowing air into their lungs [4]. 

The AHA recommends that bystanders should call 911 and start conventional CPR 

immediately on individuals who have collapsed and are not breathing normally. The 
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technique involves performing 30 chest compressions followed by two rescue breaths, 

repeating the cycle until help arrives. 

3. Pediatric CPR 

Pediatric CPR is a specialized form of CPR designed for infants and children. The 

technique involves modifications to the conventional CPR technique to account for the 

smaller size and different anatomy of children [5]. 

The AHA recommends that bystanders who witness a child collapse should call 911 

and start pediatric CPR immediately. The technique involves performing 30 chest 

compressions followed by two rescue breaths for infants and young children, and 15 

chest compressions followed by two rescue breaths for older children. 

There are different types of CPR that can be used depending on the situation and 

the age of the patient. Hands-only CPR is a simplified version of CPR that involves 

performing chest compressions without rescue breaths and is recommended for adults 

who have collapsed due to sudden cardiac arrest. Conventional CPR involves a 

combination of chest compressions and rescue breaths and is recommended for 

individuals of all ages. Pediatric CPR is a specialized form of CPR designed for infants 

and children. It is important to be familiar with the different types of CPR and to know 

when to use them to increase the chances of a positive outcome in emergency situations. 

 

1.2 The need for automation of CPR 

CPR can be a crucial intervention in emergency situations, but it is also physically 

demanding and can be difficult to perform correctly, especially for non-medical 

personnel. This is where the need for automation of CPR comes in. 

Automated CPR devices are designed to provide consistent, high-quality chest 

compressions without fatigue or interruption. They can be used by emergency medical 

technicians (EMTs) in ambulances, in hospital settings, and even by laypeople in public 

spaces like airports or shopping malls. The devices consist of a piston or plunger that 

is attached to a backboard or vest worn by the patient. The device delivers compressions 

at a set rate and depth, which can be adjusted to meet the patient’s specific needs. 

There are several reasons why the automation of CPR is necessary. First, manual 

chest compressions are physically demanding and can quickly lead to fatigue, 

especially for non-medical personnel who may not be trained or experienced in This material is reserved for educational use only, not allowed for commercial use. 
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performing CPR. This can result in inconsistent compression depth and rate, which can 

lead to decreased blood flow and reduced chances of survival for the patient. 

Second, automated CPR devices can provide consistent, uninterrupted 

compressions for extended periods, which can be critical in cases where prolonged 

resuscitation is necessary. Traditional manual CPR is difficult to sustain for more than 

a few minutes, and interruptions in chest compressions can decrease the patient’s 

chances of survival. 

Third, automated CPR devices can improve the safety of both the patient and the 

rescuer. Traditional CPR requires physical contact between the rescuer and the patient, 

which can expose the rescuer to bodily fluids and infectious diseases. Automated CPR 

devices eliminate this risk and can also provide more efficient compressions, reducing 

the risk of injury to the patient. 

Finally, automated CPR devices can provide real-time feedback on the quality of 

chest compressions, allowing rescuers to make adjustments and improve the patient’s 

chances of survival. Feedback can include information on compression rate, depth, and 

recoil, which can help rescuers ensure that they are providing effective chest 

compressions. 

The automation of CPR is a necessary and important development in emergency 

medical care. Automated CPR devices can provide consistent, high-quality chest 

compressions without fatigue or interruption, improving the chances of survival for 

patients in cardiac arrest. They can also improve the safety of both the patient and the 

rescuer, and provide real-time feedback on the quality of chest compressions. As 

technology continues to advance, we can expect to see further improvements in 

automated CPR devices, making them even more effective and widely available. 

 

1.3 Objectives of the study 

● Develop an automatic resuscitation system that is affordable and accessible for 

medical professionals in low-resource settings. 

● Design a portable and lightweight device that can be easily transported and used 

in various emergency settings. 

● Ensure the device meets necessary safety and regulatory standards for medical 

devices. This material is reserved for educational use only, not allowed for commercial use. 
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● Incorporate feedback mechanisms to optimize chest compression rate, depth, 

and recoil. 

● Conduct usability testing with medical professionals and non-medical personnel 

to ensure ease of use and effectiveness. 

● Explore partnerships with international organizations to distribute the device to 

areas with limited access to emergency medical care. 

● Provide training and education materials for users to maximize the impact of 

the device. 

● Continuously evaluate and improve the device based on user feedback and 

technological advancements. 

 

1.4 Scope of the study 

The following is the structure of the remainder of this report: 

Chapter 2 focuses on reviewing the history of CPR, the concept of automated CPR, 

existing automated CPR devices, and the materials used in the construction of the 

automatic CPR machine.  

Chapter 3 delves into the installation process, design considerations, circuit diagram, 

and mobile app interface of the automatic CPR machine.  

Chapter 4, the experimental results are presented, showcasing the functioning hardware 

machine, app interface, and providing analysis on compression depth and compression 

rate of the automatic CPR machine.  

Chapter 5 concludes the report by evaluating the work accomplished thus far and 

offering insights into future directions for further improvements and advancements in 

the field of automatic CPR technology.  

This material is reserved for educational use only, not allowed for commercial use. 
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CHAPTER 2 

OVERVIEW OF AUTOMATED CPR SYSTEM 
 

This chapter provides a comprehensive overview of the automated 

cardiopulmonary resuscitation (CPR) system. It begins by exploring the history of CPR 

(section 2.2), tracing its evolution and significance in medical emergencies. The chapter 

then examines the concept of automated CPR, highlighting its advantages and the role 

it plays in enhancing the efficiency and effectiveness of resuscitation efforts (section 

2.9). Furthermore, it presents an analysis of existing automated CPR devices (section 

2.8), discussing their features, functionalities, and limitations. The chapter also delves 

into the materials utilized in the construction of the automatic CPR system (section 

2.10), emphasizing the importance of quality and durability in ensuring optimal 

performance.  

By delving into these aspects, Chapter 2 establishes a solid foundation for 

understanding the context, relevance, and advancements in automated CPR technology. 

 

2.1 Cardiopulmonary resuscitation (CPR) 

Cardiopulmonary resuscitation, commonly known as CPR, is a medical technique 

used to restore blood circulation and breathing in individuals who have experienced 

cardiac arrest or respiratory failure. It is a life-saving intervention that has been in use 

for over half a century and has helped to save countless lives [6]. However, performing 

manual CPR can be challenging, especially for untrained individuals, and can lead to 

fatigue, injuries, and even the inability to maintain a consistent rhythm. For this reason, 

automated CPR devices have been developed to assist in performing this vital 

procedure.  

 

2.2 History of CPR 

The history of CPR dates back to the early 1960s when the American Heart 

Association (AHA) first introduced the technique. At that time, CPR was only 

performed by medical professionals, including doctors and nurses, and was not widely 

known among the general public. However, over the years, the AHA has worked to 
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promote CPR education and training, and as a result, the technique has become more 

widely recognized and accepted [7]. 

One of the key developments in the history of CPR was the discovery of the 

importance of chest compressions. In the early days of CPR, the focus was on mouth-

to-mouth resuscitation, but researchers soon discovered that chest compressions were 

equally important in restoring blood circulation. This discovery led to the development 

of the modern-day CPR technique, which involves a combination of chest compressions 

and rescue breaths [8]. 

Another important development in the history of CPR was the introduction of 

automated external defibrillators (AEDs). AEDs are portable devices that can be used 

to analyze the heart rhythm of a patient and deliver an electric shock if necessary to 

restore a normal heartbeat. AEDs have become increasingly common in public places, 

such as airports, sports stadiums, and shopping malls, and have been instrumental in 

saving countless lives [9]. 

Automated CPR Devices 

Despite the success of CPR, performing the procedure can be challenging, 

especially for untrained individuals. Chest compressions must be delivered at a specific 

rate and depth, and maintaining a consistent rhythm can be difficult. For this reason, 

automated CPR devices have been developed to assist in performing this vital 

procedure. 

Automated CPR devices come in various forms, including mechanical chest 

compression devices, load-distributing band devices, and piston-driven devices. 

Mechanical chest compression devices are the most common and are designed to 

deliver consistent chest compressions at a rate of 100-120 compressions per minute 

[10]. Load-distributing band devices use a constricting band to compress the chest, 

while piston-driven devices use a piston to compress the chest. 

One of the advantages of automated CPR devices is that they eliminate the need for 

manual chest compressions, which can be physically demanding and tiring. This can be 

especially beneficial in situations where multiple rescuers are needed, as the device can 

provide continuous chest compressions while other interventions, such as defibrillation 

or medication administration, are being performed [11]. 
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2.3 When to Use Automated CPR 

Automated CPR devices are typically used in situations where manual CPR is 

not feasible or when additional support is needed. For example, in a hospital setting, 

automated CPR devices may be used during surgeries or other procedures where it is 

necessary to maintain continuous chest compressions while other interventions are 

being performed. 

Automated CPR devices may also be used in pre-hospital settings, such as 

during ambulance transport, where the physical demands of manual CPR can be 

challenging for paramedics and emergency medical technicians [12]. Additionally, 

automated CPR devices may be used in situations where multiple rescuers are needed, 

such as in a mass casualty incident or during a disaster response [13]. 

It is important to note that automated CPR devices should not be used as a substitute 

for manual CPR in all situations. 

 

2.4 Difference between Cardiac Arrest and Cardiac Attack 

The terms "cardiac arrest" and "cardiac attack" are often used interchangeably to 

describe a sudden, life-threatening emergency involving the heart. However, these 

terms have distinct meanings and implications for treatment. Understanding the 

difference between cardiac arrest and cardiac attack is critical for prompt and 

appropriate intervention, which can mean the difference between life and death. 

Cardiac arrest refers to the sudden cessation of the heart's ability to pump blood 

effectively. This results in a loss of blood flow to vital organs, including the brain, and 

can lead to irreversible damage or death within minutes if left untreated. Cardiac arrest 

can be caused by a variety of underlying conditions, such as coronary artery disease, 

arrhythmias, heart valve problems, or trauma. The most common cause of cardiac arrest 

in adults is a heart attack, in which a blockage in the coronary arteries deprives the heart 

muscle of oxygen and nutrients. However, cardiac arrest can also occur in the absence 

of a heart attack, due to other causes such as electrical abnormalities or sudden trauma 

[14]. 

On the other hand, a "cardiac attack" is not a medical term and is often used 

incorrectly to describe a heart attack or cardiac arrest. It is possible that the term is a 

misnomer for a "cardiac event," which is a broad term that can refer to any medical This material is reserved for educational use only, not allowed for commercial use. 
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emergency involving the heart, including heart attack, cardiac arrest, or angina (chest 

pain due to reduced blood flow to the heart). 

The key difference between cardiac arrest and a heart attack is the underlying 

mechanism of injury. As mentioned earlier, cardiac arrest occurs when the heart 

suddenly stops pumping blood effectively, whereas a heart attack occurs when blood 

flow to the heart muscle is blocked, usually due to a buildup of plaque in the coronary 

arteries. The symptoms of a heart attack can vary but may include chest pain or 

discomfort, shortness of breath, nausea, lightheadedness, or pain or discomfort in other 

areas of the upper body. If left untreated, a heart attack can progress to cardiac arrest. 

The treatment for cardiac arrest and a heart attack differs significantly. In the case 

of cardiac arrest, immediate intervention is critical to restore blood flow and prevent 

irreversible damage or death. This typically involves cardiopulmonary resuscitation 

(CPR) and the use of automated external defibrillators (AEDs) to deliver an electric 

shock to the heart and restore normal rhythm. In contrast, the treatment for a heart attack 

typically involves medications, such as aspirin or nitroglycerin, to reduce blood clotting 

and improve blood flow, and interventions such as percutaneous coronary intervention 

(PCI) or coronary artery bypass surgery to restore blood flow to the heart [15]. 

Understanding the difference between cardiac arrest and a heart attack is essential 

for recognizing the signs and symptoms of these conditions and providing appropriate 

intervention. While cardiac arrest requires immediate CPR and defibrillation, a heart 

attack requires rapid medical treatment to restore blood flow to the heart muscle. 

Misusing the terms "cardiac arrest" and "cardiac attack" can lead to confusion and delay 

in proper intervention, which can have dire consequences. Therefore, it is important to 

use the correct medical terminology to describe these conditions and to seek medical 

attention promptly in case of any suspicion. 

 

2.5 Method of cardiopulmonary resuscitation 

There are several methods of CPR that can be used in different situations, 

depending on the age of the victim, the cause of the cardiac arrest, and the skill level of 

the rescuer.  

The basic method of CPR involves chest compressions and rescue breaths. 

According to the American Heart Association (AHA), the rescuer should first check the This material is reserved for educational use only, not allowed for commercial use. 
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victim for responsiveness and breathing. If the victim is unresponsive and not breathing 

normally, the rescuer should call for emergency medical services (EMS) and begin 

chest compressions immediately [16]. The rescuer should kneel beside the victim, place 

the heel of one hand on the center of the victim's chest, and place the other hand on top 

of the first hand. The rescuer should then push down on the chest with both hands at a 

rate of 100 to 120 compressions per minute, allowing the chest to recoil between 

compressions. After 30 compressions, the rescuer should give two breaths to the victim, 

tilting the head back and lifting the chin to open the airway. The breaths should be given 

over 1 second each, with enough volume to make the chest rise. The rescuer should 

continue with cycles of 30 compressions and 2 breaths until EMS arrives or the victim 

shows signs of life [16]. 

Another method of CPR is hands-only CPR, which involves chest compressions 

only, without rescue breaths. According to the AHA, hands-only CPR can be as 

effective as traditional CPR in adult victims of cardiac arrest caused by a heart attack 

or other medical issues [17]. Hands-only CPR is performed in the same way as 

traditional CPR, but without rescue breaths. The rescuer should place the heel of one 

hand on the center of the victim's chest and push down hard and fast, at a rate of 100 to 

120 compressions per minute, until EMS arrives, or the victim shows signs of life [17]. 

In some cases, CPR may be performed using a device called an automated 

external defibrillator (AED), which is a portable device that delivers an electric shock 

to the heart to restore its normal rhythm. According to the AHA, an AED can be used 

on any victim of cardiac arrest, regardless of the cause [18]. To use an AED, the rescuer 

should turn on the device, attach the pads to the victim's chest, and follow the voice 

prompts provided by the device. The AED will analyze the victim's heart rhythm and 

determine whether a shock is needed. If a shock is needed, the AED will charge up and 

instruct the rescuer to clear the victim before delivering the shock [18]. After the shock 

is delivered, the rescuer should resume CPR until EMS arrives or the victim shows 

signs of life. 

CPR is a life-saving technique that can be performed in various ways depending 

on the situation. The basic method of chest compressions and rescue breaths is the most 

common, but hands-only CPR and the use of an AED are also effective methods that 

can be used in certain situations. Regardless of the method used, the key to successful This material is reserved for educational use only, not allowed for commercial use. 
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CPR is to start immediately and continue until EMS arrives or the victim shows signs 

of life. 

 

2.6 CPR Techniques 

There are several techniques for performing CPR, each with its own advantages 

and disadvantages. 

The basic technique for performing CPR involves chest compressions and 

rescue breaths. The rescuer should position themselves at the victim's side and place 

the heel of one hand on the center of the victim's chest, then place the other hand on top 

of the first hand. The rescuer should then push down on the chest with both hands, using 

their body weight to compress the chest by about two inches. After 30 compressions, 

the rescuer should perform two rescue breaths, tilting the victim's head back and lifting 

their chin before blowing two breaths into their mouth. This cycle should be repeated 

until emergency medical services arrive [19]. 

Another technique for performing CPR is the hands-only technique, which 

involves chest compressions without rescue breaths. This technique is recommended 

for individuals who are not trained in CPR or who are uncomfortable performing rescue 

breaths. The hands-only technique involves positioning oneself at the victim's side and 

placing the heel of one hand on the center of the victim's chest, then placing the other 

hand on top of the first hand. The rescuer should then push down on the chest with both 

hands, using their body weight to compress the chest by about two inches. This cycle 

should be repeated until emergency medical services arrive [20]. 

The compression-only technique is another method of performing CPR. This 

technique involves continuous chest compressions without rescue breaths. The rescuer 

should position themselves at the victim's side and place the heel of one hand on the 

center of the victim's chest, then place the other hand on top of the first hand. The 

rescuer should then push down on the chest with both hands, using their body weight 

to compress the chest by about two inches. This cycle should be repeated until 

emergency medical services arrive [21]. 

In addition to these techniques, there are several variations of CPR that can be 

used depending on the situation. For example, infant CPR involves using two fingers 

to perform chest compressions and rescue breaths on a child under the age of one. The This material is reserved for educational use only, not allowed for commercial use. 
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American Heart Association also recommends using an automated external defibrillator 

(AED) in conjunction with CPR to improve outcomes for cardiac arrest patients. An 

AED is a portable device that delivers an electric shock to the heart to restore its normal 

rhythm. AEDs are designed to be used by individuals without medical training and can 

significantly improve survival rates for cardiac arrest patients [22]. 

CPR is a life-saving emergency medical procedure that can significantly 

improve outcomes for cardiac arrest patients. There are several techniques for 

performing CPR, each with its own advantages and disadvantages. These techniques 

include the basic technique, the hands-only technique, and the compression-only 

technique, as well as variations of CPR for infants and the use of an AED. It is important 

for individuals to be trained in CPR and to know which technique to use in a given 

situation in order to improve the chances of survival for cardiac arrest patients. 

 

2.7 Difference method of cardiopulmonary resuscitation between Infant, 

Children, and Adults 

2.7.1 Method of performing cardiopulmonary resuscitation for Infant 

Performing cardiopulmonary resuscitation (CPR) on an infant is a 

critical life-saving technique. According to the American Heart Association 

(AHA), an infant is defined as a child who is 28 days old to 1 year of age [23]. 

In this age group, sudden cardiac arrest is rare, but it can happen due to several 

factors, such as respiratory distress, trauma, choking, and congenital heart 

disease.  

The first step in performing CPR on an infant is to ensure that the 

environment is safe. Check for any potential hazards that may cause harm to the 

infant or the rescuer. The rescuer should then check the infant's responsiveness 

by gently tapping or shaking the infant's shoulder and shouting their name [24]. 

If there is no response, the rescuer should shout for help and immediately call 

for emergency medical services (EMS). If there is another person available, they 

should begin CPR while the rescuer is calling for help. 

The next step is to assess the infant's breathing and pulse. The rescuer 

should look for signs of normal breathing, such as chest movements and sounds 

of air movement [25]. If the infant is not breathing or has abnormal breathing, This material is reserved for educational use only, not allowed for commercial use. 
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the rescuer should start rescue breathing. To do this, the rescuer should tilt the 

infant's head back and lift the chin while supporting the back of the head with 

one hand. With the other hand, the rescuer should pinch the infant's nose closed 

and provide two small breaths into the infant's mouth while watching for the 

chest to rise [26]. Each breath should last about one second. 

If the infant still does not have a pulse after rescue breathing, the rescuer 

should start chest compressions. The infant should be placed on a firm, flat 

surface, and the rescuer should position themselves at the infant's side. Using 

two fingers, the rescuer should compress the infant's chest to a depth of about 

1.5 inches (3.8 cm) at a rate of 100-120 compressions per minute [27]. The 

rescuer should ensure that the chest is allowed to fully recoil between 

compressions. 

The ratio of compressions to breaths in infant CPR is 30:2. After 

providing 30 compressions, the rescuer should provide two breaths, and then 

continue with the cycle. The rescuer should continue to perform CPR until help 

arrives or the infant starts breathing on their own. 

Performing CPR on an infant aged 28 days to 1 year old can be a 

lifesaving technique. The rescuer should ensure that the environment is safe, 

check the infant's responsiveness, assess the infant's breathing and pulse, and 

start rescue breathing and chest compressions if necessary. The ratio of 

compressions to breaths is 30:2, and the rescuer should continue to perform CPR 

until help arrives or the infant starts breathing on their own. It is essential to 

learn infant CPR from a certified instructor to perform the technique correctly. 

 

2.7.2 Method of performing cardiopulmonary resuscitation for child 

Performing cardiopulmonary resuscitation (CPR) on a child between the 

ages of 1 year to 8 years is a challenging task. CPR is a life-saving technique 

used to restore the heart and lung function in an emergency situation such as 

cardiac arrest. Cardiac arrest can happen to anyone, including children, and the 

chances of survival decrease with each passing minute without proper 

intervention. Hence, it is essential to be aware of the correct CPR technique to 

increase the chances of survival of the child. This material is reserved for educational use only, not allowed for commercial use. 
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The first step in performing CPR on a child is to assess the situation and 

ensure that the child is unresponsive and not breathing normally. This is done 

by shaking the child gently and calling out to them. If there is no response, the 

next step is to call emergency services immediately. After that, it is essential to 

start CPR without any delay. 

The CPR technique for a child between 1 year to 8 years of age involves 

chest compressions and rescue breaths. First, place the child on a firm surface 

and tilt their head back gently to open the airway. Then, give two rescue breaths 

by sealing your mouth over the child's nose and mouth and blowing in until you 

see the chest rise. After that, start chest compressions by placing two fingers in 

the center of the chest just below the nipple line and compressing the chest to a 

depth of about 1.5 inches [28]. 

It is important to maintain the correct compression rate and depth while 

performing CPR on a child. The compression rate should be around 100-120 

compressions per minute, and the chest should be compressed to a depth of 

about 1.5 inches. It is also important to allow the chest to recoil between each 

compression to allow blood to flow back to the heart [29]. 

The ratio of chest compressions to rescue breaths in CPR for a child 

between the ages of 1 year to 8 years is 30:2. This means that after every 30 

chest compressions, two rescue breaths should be given. It is important to ensure 

that the rescue breaths are not given too forcefully, as this can lead to air entering 

the stomach instead of the lungs, which can cause further complications [30]. 

It is important to continue CPR until emergency services arrive or the 

child starts breathing normally. It is also essential to ensure that the child is not 

moved during CPR unless it is necessary to move them to a safer location or for 

emergency treatment. 

Performing CPR on a child between the ages of 1 year to 8 years is a 

crucial life-saving technique that requires proper knowledge and training. The 

CPR technique involves chest compressions and rescue breaths, with a ratio of 

30:2 compressions to breaths. It is important to maintain the correct 

compression rate and depth, allow the chest to recoil, and ensure that the rescue 

breaths are given correctly. Proper CPR technique, along with calling This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



15 
 

emergency services immediately, can increase the chances of survival of the 

child. 

 

2.7.3 Method of performing cardiopulmonary resuscitation for adults 

Cardiopulmonary resuscitation (CPR) is a life-saving technique used in 

emergency situations to maintain blood flow and oxygenation in the body. It 

involves chest compressions, rescue breathing, and defibrillation, and is 

commonly used to treat cardiac arrest. In adults aged greater than 8 years, CPR 

is performed using the following steps: 

The first step in performing CPR is to assess the situation and check for 

any signs of breathing or pulse. If the person is unresponsive, the rescuer should 

immediately call for emergency medical services (EMS) and start CPR. The 

person should be placed on a firm, flat surface with their back facing upwards. 

The head should be tilted back slightly to open the airway, and any obstructions 

should be removed from the mouth or nose. The rescuer should then check for 

breathing by placing their ear near the person's mouth and nose and looking for 

chest movement. If the person is not breathing, rescue breathing should be 

initiated [31]. 

Next, the rescuer should perform chest compressions. The hands should 

be placed on the center of the person's chest, with the fingers interlaced and the 

arms straight. The rescuer should then compress the chest at a depth of 2-2.4 

inches at a rate of 100-120 compressions per minute. The chest should be 

allowed to fully recoil between compressions to maximize blood flow. After 30 

compressions, the rescuer should provide two breaths using a barrier device 

such as a face shield or pocket mask. The breaths should be delivered over 1 

second each, with enough volume to make the chest rise [32]. 

If an automated external defibrillator (AED) is available, it should be 

used as soon as possible. The AED should be turned on and the pads should be 

placed on the person's chest as indicated on the device. The rescuer should 

follow the prompts provided by the AED, and continue CPR until EMS arrives. 

If an AED is not available, CPR should be continued until EMS arrives [33]. 
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It is important to note that the effectiveness of CPR decreases over time, 

and therefore it should be initiated as soon as possible. In addition, the quality 

of CPR is important for optimal outcomes. Rescuers should aim to achieve a 

compression depth of at least 2 inches and a compression rate of at least 100 

compressions per minute. They should also minimize interruptions in 

compressions and ensure that the chest fully recoils between compressions [34]. 

CPR is a crucial skill that can save lives in emergency situations. The 

steps for performing CPR in adults aged greater than 8 years include assessment 

of the situation, rescue breathing, chest compressions, and use of an AED if 

available. The quality of CPR is important for optimal outcomes, and rescuers 

should aim to minimize interruptions in compressions and achieve a depth of at 

least 2 inches and a rate of at least 100 compressions per minute.  

 
2.8 EXISTING MECHANICAL CPR DEVICES 
 
 Automatic cardiopulmonary resuscitation (CPR) machines have become an 

increasingly popular option for emergency medical services (EMS) and hospitals. 

These devices are designed to provide consistent and effective chest compressions 

during cardiac arrest, reducing the risk of complications and improving patient 

outcomes. In this essay, we will review some of the existing automatic CPR machines, 

their features, and benefits. 

One of the most well-known automatic CPR machines is the LUCAS Chest 

Compression System. This machine is designed to provide consistent and high-quality 

chest compressions during cardiac arrest, minimizing the risk of interruptions that can 

occur with manual compressions. The LUCAS device is compact and easy to use, with 

a battery-operated motor that can deliver compressions at a rate of 102 per minute. It 

also features a suction cup that attaches to the patient's chest to provide stable 

compressions and reduce the risk of injury [35]. 

Another popular option is the ZOLL AutoPulse Resuscitation System. This 

device is designed to provide automatic chest compressions that conform to the patient's 

chest shape and size, delivering consistent and effective compressions even during 

transport. The AutoPulse system uses a pneumatic piston that compresses the chest 

from the sternum to the spine, creating a more natural compression and reducing the This material is reserved for educational use only, not allowed for commercial use. 
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risk of rib fractures. It also features a load-distributing band that conforms to the 

patient's chest, reducing the risk of damage to internal organs [36]. 

The ResQPump Automatic CPR Device is another option that has gained 

popularity in recent years. This device is designed to work with existing manual CPR 

protocols, providing consistent and effective compressions while reducing the 

workload of EMS personnel. The ResQPump device uses a suction cup to attach to the 

patient's chest, delivering compressions at a rate of 100 per minute. It also features a 

built-in metronome to help ensure consistent compressions and reduce the risk of 

interruptions [37]. 

Finally, the EASY PULSE CPR Device is a compact and portable option that is 

designed for use in both hospital and pre-hospital settings. This device uses a piston-

driven system to deliver compressions at a rate of 100 per minute, with adjustable depth 

and force to conform to the patient's chest shape and size. The EASY PULSE device is 

battery-operated and can be used for up to 45 minutes on a single charge, making it a 

convenient option for emergency situations [38]. 

Automatic CPR machines have become an important tool for improving patient 

outcomes during cardiac arrest. These devices provide consistent and effective chest 

compressions, reducing the risk of complications and increasing the likelihood of 

survival. The LUCAS Chest Compression System, ZOLL AutoPulse Resuscitation 

System, ResQPump Automatic CPR Device, and EASY PULSE CPR Device are just 

a few examples of the existing automatic CPR machines available on the market today. 

Each device has its unique features and benefits, and it is up to EMS personnel and 

healthcare providers to choose the machine that best suits their needs. 

 

The development of the ECG synchronized automatic CPR device is designed 

to assist with manual CPR procedures by providing synchronized compressions based 

on the patient's ECG signal. It is important to note that this device is not intended to 

replace the manual performance of CPR, but rather to enhance its effectiveness in 

certain situations. Compared to existing CPR devices, the ECG synchronized automatic 

CPR device offers the unique feature of synchronization with the patient's ECG signal. 

This synchronization allows for more precise and targeted compressions, potentially 

improving the overall outcomes of CPR. By aligning the compressions with the This material is reserved for educational use only, not allowed for commercial use. 
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electrical activity of the heart, the device aims to optimize blood flow and increase the 

chances of successful resuscitation. One notable aspect of this device is its control 

mechanism. Unlike traditional CPR devices that require manual adjustments, the ECG 

synchronized automatic CPR device can be controlled using a mobile phone. This offers 

convenience and ease of use for medical professionals, allowing them to adjust 

compression parameters and monitor the device remotely. The mobile app interface 

provides a user-friendly platform for controlling the device and accessing real-time 

data, enhancing the user experience, and facilitating efficient CPR delivery. 

 2.8.1 Lucas chest compression system 
 

Lucas chest compression machine (Figure 2.8.1) is a device designed 

for delivering high-quality chest compressions to patients in need of 

cardiopulmonary resuscitation (CPR). The device provides a standardized 

method of delivering chest compressions, ensuring uniformity in the depth and 

rate of compressions. This device was created by Jolife AB, a Swedish 

company, and has been in use since 2003 [39]. 

The Lucas chest compression machine is a pneumatic device that 

consists of a backplate, a suction cup, and a compression piston. The backplate 

is placed behind the patient's back, and the suction cup is attached to the patient's 

chest. The compression piston is then activated and delivers chest compressions 

to the patient at a rate of 100-120 compressions per minute, which is the 

recommended rate for CPR [40]. 

The machine is designed to provide continuous chest compressions, 

which is essential in situations where manual chest compressions may not be 

possible or may lead to fatigue. Additionally, the device provides consistent 

compression depth, which is important in delivering effective chest 

compressions [41]. 

One study found that the Lucas chest compression machine provided 

more effective chest compressions compared to manual CPR in out-of-hospital 

cardiac arrests. The study showed that patients who received chest 

compressions from the Lucas machine had a higher rate of return of spontaneous 

circulation (ROSC) compared to those who received manual CPR [42]. 
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Another study compared the effectiveness of the Lucas chest 

compression machine with two other automated CPR devices, the AutoPulse 

and the LUCAS-2. The study found that the Lucas machine delivered the 

highest rate of successful ROSC compared to the other devices [43]. 

 
Figure 2.8.1: Lucas’s chest compression machine [44] 
 

The Lucas chest compression machine is an effective and reliable device 

for delivering high-quality chest compressions during CPR. It provides 

standardized and consistent compressions, which is essential in improving 

patient outcomes during cardiac arrest. Further research is needed to evaluate 

the effectiveness of the device in different patient populations and settings. 

 
2.8.2 The ZOLL AutoPulse Resuscitation System 
 

The ZOLL AutoPulse Resuscitation System (Figure 2.8.2) is a device 

used for automated chest compressions during CPR. This device is designed to 

improve blood flow to the heart and brain during CPR by delivering high-

quality compressions with minimal interruptions. It has been shown to increase 

the rate of survival in patients who have experienced cardiac arrest, especially 
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when used in conjunction with other advanced life support techniques [45]. The 

AutoPulse system provides consistent, uninterrupted chest compressions which 

can be beneficial for the patient as well as the healthcare provider administering 

CPR. 

One of the primary benefits of the AutoPulse system is its ability to 

provide consistent compressions without interruption. Traditional manual CPR 

often results in interruptions to chest compressions which can decrease blood 

flow to the heart and brain. Interruptions in chest compressions are also more 

likely to occur during transport of the patient to the hospital. The AutoPulse 

system eliminates these interruptions by delivering high-quality compressions 

automatically, ensuring that the patient receives the best possible care [46]. 

Another benefit of the AutoPulse system is that it reduces the risk of 

injury to healthcare providers. Manual chest compressions require significant 

physical effort, and healthcare providers may become fatigued and unable to 

maintain the recommended rate and depth of compressions. Additionally, 

manual compressions may result in injuries such as rib fractures or contusions. 

The AutoPulse system reduces the risk of these injuries by delivering consistent 

compressions automatically [47]. 

The AutoPulse system is also designed to be easy to use, even for 

healthcare providers who are not trained in advanced life support techniques. 

The device is compact and lightweight, and can be easily carried to the patient’s 

location. The device is also designed to adjust to the size of the patient, ensuring 

that the compressions are delivered at the correct depth and rate [48]. 

While the AutoPulse system offers many benefits, there are also some 

limitations to consider. One of the primary limitations is the cost of the device. 

The AutoPulse system is more expensive than traditional manual CPR 

techniques, which can make it less accessible to smaller healthcare facilities or 

those with limited budgets. Additionally, some healthcare providers may prefer 

manual compressions and may not feel comfortable using an automated device 

[49]. 
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Figure 2.8.2: ZOLL AutoPulse Resuscitation System [50] 

 

The ZOLL AutoPulse Resuscitation System is an effective tool for 

automated chest compressions during CPR. It provides consistent, uninterrupted 

compressions which can improve blood flow to the heart and brain during 

cardiac arrest. The device is easy to use and reduces the risk of injury to 

healthcare providers. While there are some limitations to consider, the benefits 

of the AutoPulse system make it a valuable addition to any healthcare facility. 

 
2.8.3 ResQPump Automatic CPR Device 
 

ResQPump (Figure 2.8.3) is an automated cardiopulmonary 

resuscitation (CPR) device that aims to improve the outcomes of patients who 

suffer from cardiac arrest. The device is designed to be used by first responders 

in emergency medical services (EMS) settings, as well as in hospitals and other 

healthcare facilities. ResQPump is a unique device that combines active 

compression-decompression CPR with an impedance threshold device (ITD) to 

increase blood flow to the heart and brain during CPR. The ResQPump device 

has been shown to increase survival rates in both adults and children who suffer 

from cardiac arrest [51]. 

One study published in the Journal of the American College of 

Cardiology found that ResQPump significantly improved survival outcomes in 

adults with out-of-hospital cardiac arrest. The study included 813 patients who This material is reserved for educational use only, not allowed for commercial use. 
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were randomized to receive either standard CPR or ResQPump CPR. The 

results showed that patients who received ResQPump CPR had a significantly 

higher rate of survival to hospital discharge compared to those who received 

standard CPR [52]. 

Another study published in the journal Resuscitation evaluated the 

efficacy of ResQPump in pediatric patients. The study included 116 children 

who suffered from cardiac arrest and were treated with either ResQPump CPR 

or standard CPR. The results showed that children who received ResQPump 

CPR had a significantly higher rate of survival to hospital discharge compared 

to those who received standard CPR. The study concluded that ResQPump CPR 

may be a valuable tool in improving outcomes for pediatric patients with cardiac 

arrest [53]. 

ResQPump has also been shown to be effective in improving cerebral 

oxygenation during CPR. A study published in the journal Resuscitation found 

that ResQPump CPR resulted in significantly higher cerebral oxygen saturation 

levels compared to standard CPR. The study concluded that the ResQPump 

device may be a valuable tool in improving outcomes for patients with cardiac 

arrest by improving cerebral oxygenation [54]. 

 
Figure 2.8.3: ResQPump Automatic CPR Device [55] 

 
ResQPump is an innovative automated CPR device that combines active 

compression-decompression CPR with an impedance threshold device to 
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improve blood flow to the heart and brain during CPR. The device has been 

shown to be effective in improving survival rates and cerebral oxygenation in 

both adults and children who suffer from cardiac arrest. ResQPump has the 

potential to be a valuable tool in improving outcomes for patients with cardiac 

arrest in both pre-hospital and hospital settings. 

 

2.8.4 EASY PULSE CPR Device 
 

The EASY PULSE CPR Device is a portable and easy-to-use automatic 

chest compression system that provides high-quality cardiopulmonary 

resuscitation (CPR) to patients in cardiac arrest. It is designed to take over the 

rescuer's manual chest compressions during CPR and deliver consistent, 

uninterrupted compressions at the correct depth and rate. This device is ideal 

for use in the prehospital setting, such as in ambulances, as well as in hospital 

emergency departments and cardiac catheterization labs [56]. 

The EASY PULSE CPR Device is equipped with a compact and 

lightweight compressor that generates pneumatic energy to drive the chest 

compression mechanism. It can deliver compressions at a rate of 100-120 per 

minute and a depth of 2-2.4 inches (5-6 cm), which is the recommended range 

for effective CPR. The device also has a ventilation feature that allows for 

synchronized compressions and ventilation, further improving the chances of 

survival for patients in cardiac arrest [57]. 

The EASY PULSE CPR Device has been shown to improve the quality 

and consistency of chest compressions during CPR, as well as reduce the risk 

of rescuer fatigue and injury. In a study of 18 patients in cardiac arrest, the 

device was able to maintain high-quality chest compressions for the duration of 

the resuscitation attempt in all cases, with no significant interruptions or 

deviations from the recommended compression depth and rate [58]. 

Another study found that the EASY PULSE CPR Device was able to 

achieve higher mean arterial pressures during CPR compared to manual chest 

compressions, indicating improved blood flow and organ perfusion. The study 

also found that the device was able to deliver consistent compressions at the 
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correct depth and rate for a longer period of time than manual compressions, 

demonstrating its ability to maintain high-quality CPR even during prolonged 

resuscitation attempts [59]. 

The EASY PULSE CPR Device has several advantages over other 

automatic chest compression systems, such as its compact size, ease of use, and 

ability to deliver consistent, uninterrupted compressions at the correct depth and 

rate. It is also more affordable than some other devices on the market, making 

it a more accessible option for smaller healthcare facilities and ambulance 

services. However, the device may not be suitable for all patients or situations, 

and rescuers should receive proper training on its use before implementing it in 

clinical practice [60]. 

 
Figure 2.8.4: EASY PULSE CPR Device [61] 

 
The EASY PULSE CPR Device (Figure 2.8.4) is a portable and 

effective automatic chest compression system that can improve the quality and 

consistency of CPR in patients in cardiac arrest. Its ability to deliver consistent 

compressions at the recommended depth and rate, as well as its affordability 

and ease of use, make it a valuable tool for healthcare providers and emergency 

responders. However, proper training and evaluation of patients are necessary 

to ensure its appropriate use and maximum benefit in resuscitation efforts. 
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2.9 The effectiveness of the automatic CPR devices 
 

One of the most widely studied automatic CPR devices is the LUCAS chest 

compression system. A 2018 meta-analysis of nine studies including 3,274 patients 

found that the use of LUCAS improved the likelihood of achieving return of 

spontaneous circulation (ROSC) compared to manual CPR [62]. Similarly, a 2020 

systematic review and meta-analysis of ten studies including 5,301 patients also found 

that LUCAS was associated with improved ROSC and survival to hospital admission 

[63]. 

Another automatic CPR device, the AutoPulse resuscitation system, has also 

been shown to improve the effectiveness of CPR. A 2019 systematic review and meta-

analysis of eight studies including 3,168 patients found that the use of AutoPulse was 

associated with higher rates of ROSC and survival to hospital admission compared to 

manual CPR [64]. However, the study did not find significant differences in overall 

survival to hospital discharge. 

The ResQPump is another automatic CPR device that has shown promise in 

improving the effectiveness of CPR. A 2020 randomized controlled trial of 813 patients 

found that the use of ResQPump in combination with active compression-

decompression CPR was associated with higher rates of survival to hospital discharge 

compared to manual CPR [65]. 

The Easy Pulse CPR device is a portable, battery-powered device that provides 

automated chest compressions during CPR. A 2021 randomized controlled trial of 229 

patients found that the use of Easy Pulse CPR was associated with higher rates of ROSC 

and survival to hospital discharge compared to manual CPR [66]. 

Overall, the evidence suggests that automatic CPR devices can improve the 

effectiveness of CPR and increase the likelihood of achieving ROSC and survival to 

hospital admission. However, more research is needed to determine the long-term 

survival benefits and cost-effectiveness of these devices. 

Automatic CPR devices such as the LUCAS, AutoPulse, ResQPump, and Easy 

Pulse CPR have shown promise in improving the effectiveness of CPR. The evidence 

suggests that these devices can increase the likelihood of achieving ROSC and survival 
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to hospital admission compared to manual CPR. However, further research is needed 

to fully understand the long-term benefits and cost-effectiveness of these devices. 

 

2.9.1 Is CPR performed automatically effective? 
 

While automatic CPR devices have shown promising results, the 

question remains: is CPR that is performed automatically effective? 

Studies have shown that automatic CPR devices can provide more 

consistent and effective chest compressions than manual CPR. One study found 

that the use of an automatic CPR device resulted in more consistent chest 

compression depth and rate than manual CPR [67]. Another study found that 

the use of an automatic CPR device improved survival rates in patients who 

suffered from out-of-hospital cardiac arrest [68]. 

However, it is important to note that the effectiveness of automatic CPR 

devices can depend on various factors, such as the type of device used, the 

patient's condition, and the skill of the operator. For example, some automatic 

CPR devices may not be suitable for certain patient populations, such as those 

with chest trauma or obesity [69]. Additionally, the success of automatic CPR 

devices may also depend on the proper training and education of the operator. 

Despite these limitations, the use of automatic CPR devices has shown 

great potential in improving patient outcomes in cardiac arrest situations. The 

American Heart Association (AHA) recognizes the value of automatic CPR 

devices and has included them in their guidelines for CPR and emergency 

cardiovascular care [70]. However, the AHA also emphasizes the importance of 

proper training and education for operators of automatic CPR devices. 

Automatic CPR devices have demonstrated effectiveness in providing 

consistent and effective chest compressions in cardiac arrest situations. While 

there may be limitations and factors to consider, the use of automatic CPR 

devices has the potential to improve patient outcomes and save lives. Proper 

training and education for operators are critical to ensuring the success of 

automatic CPR devices. 
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2.9.2 The time considerations 
 

Time is a critical factor in CPR, and the sooner it is initiated, the better 

the chances of survival. However, the duration of CPR also plays a role, and it 

is important to know when to continue or stop.  

The American Heart Association recommends initiating CPR as soon as 

possible after cardiac arrest. The first few minutes after a cardiac arrest are 

critical, and every minute without CPR reduces the chances of survival by 7-

10% (1). This is why it is essential to call emergency services immediately and 

initiate CPR while waiting for them to arrive. The longer the delay in starting 

CPR, the lower the chances of survival, and it can also lead to irreversible brain 

damage due to lack of oxygen. 

CPR duration is another crucial factor in determining outcomes. CPR 

can be physically and mentally taxing, and performing it for extended periods 

can lead to fatigue and reduced effectiveness. For this reason, it is recommended 

to switch the person performing CPR every two minutes to ensure that they 

remain fresh and effective. CPR should also continue until emergency services 

arrive or the person is revived. The American Heart Association recommends 

continuing CPR until there is a return of spontaneous circulation, the person 

shows signs of life, or emergency services arrive and take over [71]. 

There are situations where continuing CPR may not be beneficial, and it 

is essential to know when to stop. This includes cases where CPR has been 

performed for an extended period without any improvement in the person's 

condition or if there is evidence of irreversible brain damage. In these cases, it 

is recommended to consult with a healthcare professional to determine if 

continuing CPR is appropriate. 

Time considerations are critical in performing CPR, and every minute 

counts in increasing the chances of survival. Early initiation of CPR can be 

lifesaving, and it is essential to switch the person performing CPR every two 

minutes to ensure its effectiveness. CPR should continue until emergency 

services arrive or there are signs of life, and stopping CPR should only be 

considered in cases where it is no longer beneficial. It is essential to be aware 
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of these time considerations and act quickly in emergency situations to increase 

the chances of a successful outcome. 

 

2.9.3 The safety considerations 
 
Performing CPR can be a life-saving intervention in cardiac arrest 

situations. However, it is important to prioritize the safety of both the rescuer 

and the patient while performing CPR. One of the primary safety considerations 

is the risk of infection transmission during the procedure. Rescuers should 

always wear personal protective equipment, including gloves and a mask, to 

minimize the risk of infection transmission through blood or bodily fluids [72]. 

Another important safety consideration is the risk of injury to the patient. 

Chest compressions should be performed with enough force to adequately 

circulate blood, but not so much force that it causes injury to the patient's ribs 

or internal organs. It is also important to ensure that the patient's head and neck 

are properly supported during the procedure to prevent spinal cord injury [73]. 

In addition to patient safety, rescuer safety must also be prioritized. The 

physical demands of performing CPR, such as repetitive chest compressions, 

can lead to rescuer fatigue and musculoskeletal injuries. It is important for 

rescuers to switch out and rotate during prolonged CPR procedures to prevent 

fatigue and ensure adequate chest compressions are being performed [74]. 

Another potential safety concern is the use of automated external 

defibrillators (AEDs) during CPR. While AEDs can be effective in restoring a 

patient's normal heart rhythm, it is important to ensure that the device is used 

correctly and safely. Rescuers should ensure that the patient's chest is dry before 

applying the AED pads and avoid touching the patient during shock delivery to 

prevent injury [75]. 

Overall, prioritizing safety considerations while performing CPR is 

crucial for both the rescuer and the patient. Ensuring proper personal protective 

equipment, avoiding injury to the patient, preventing rescuer fatigue and injury, 

and using AEDs safely can help maximize the effectiveness of CPR while 

minimizing the risk of harm. 
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2.9.4 Situational factors 
 

Situational factors play an important role in the performance of 

cardiopulmonary resuscitation (CPR). CPR is a life-saving technique performed 

during emergency situations such as cardiac arrest. However, the success of 

CPR is not solely dependent on the technical skills of the rescuer. Situational 

factors such as location, available resources, and the patient's condition can have 

a significant impact on the effectiveness of CPR. 

One of the most crucial situational factors is the location where CPR is 

performed. CPR performed in a hospital setting is different from CPR 

performed in a public place. In a hospital, there is often a team of healthcare 

professionals with specialized training in CPR who can provide advanced 

interventions. In contrast, CPR performed in a public place is often performed 

by lay rescuers who may not have the same level of training or access to 

advanced interventions. The location of CPR also affects the timing of 

defibrillation, as defibrillators are often more readily available in hospital 

settings [76]. 

Another important situational factor is the availability of resources. The 

availability of equipment, such as defibrillators and oxygen tanks, can greatly 

affect the effectiveness of CPR. A study found that the use of an automated 

external defibrillator (AED) during CPR increased the likelihood of survival in 

out-of-hospital cardiac arrest cases [77]. However, if an AED or other 

equipment is not readily available, CPR must be performed without them. In 

such cases, the rescuer must focus on performing high-quality chest 

compressions and providing rescue breaths to the best of their ability. 

The patient's condition is another important situational factor to consider 

when performing CPR. The success of CPR depends on the patient's underlying 

medical condition, as well as the duration of cardiac arrest. CPR is most 

effective when performed as soon as possible after cardiac arrest. In fact, for 

every minute that passes without CPR, the chances of survival decrease by 7-

10% [78]. However, if the patient has underlying medical conditions, such as 
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advanced age or a history of heart disease, the success rate of CPR may be 

lower. 

Other situational factors include the presence of bystanders, the patient's 

body size, and the rescuer's physical abilities. Bystanders who witness a cardiac 

arrest and perform CPR before emergency medical services (EMS) arrive can 

significantly increase the patient's chances of survival [79]. Additionally, the 

patient's body size can affect the depth and effectiveness of chest compressions. 

For example, a rescuer performing CPR on a child should use a different 

technique and adjust the depth of compressions compared to an adult. Finally, 

the rescuer's physical abilities, such as strength and stamina, can affect the 

quality and duration of CPR performed. 

Situational factors play a crucial role in the effectiveness of CPR. The 

location where CPR is performed, the availability of resources, the patient's 

condition, the presence of bystanders, the patient's body size, and the rescuer's 

physical abilities are all important considerations when performing CPR. While 

some factors, such as the patient's condition, may be out of the rescuer's control, 

others, such as the location and availability of resources, can be improved 

through training and preparation. 

 

2.9.5 Economic considerations 
 

Automatic cardiopulmonary resuscitation (CPR) machines have been 

developed to assist first responders and medical professionals in providing 

consistent and effective chest compressions during cardiac arrest. While the 

primary goal of using these devices is to improve patient outcomes, economic 

considerations also play a significant role in their adoption and use. 

One of the primary economic considerations of automatic CPR 

machines is their cost-effectiveness. These devices can be expensive, with 

prices ranging from several thousand to tens of thousands of dollars per unit. 

However, studies have shown that the use of automatic CPR machines can lead 

to better patient outcomes and a higher likelihood of survival, which may 

ultimately offset the cost of the device [80]. In addition, automatic CPR 
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machines can be used repeatedly and do not require the same level of ongoing 

training and re-certification as manual CPR, which may make them more cost-

effective in the long run. 

Another economic consideration is the impact of automatic CPR 

machines on healthcare costs. While the use of these devices may increase the 

cost of initial treatment, they may ultimately lead to lower healthcare costs by 

reducing the need for prolonged hospital stays, intensive care, and other 

expensive treatments [81]. Automatic CPR machines may also lead to better 

patient outcomes, which can reduce the need for costly follow-up care and 

rehabilitation services. As a result, the use of automatic CPR machines may 

ultimately lead to significant cost savings for healthcare providers and patients 

alike. 

Despite the potential benefits of automatic CPR machines, there are also 

potential barriers to their adoption and use. One significant barrier is the lack of 

reimbursement from insurance companies and government healthcare 

programs. Without reimbursement, hospitals and other healthcare providers 

may be hesitant to invest in automatic CPR machines, which could limit their 

availability and impact on patient outcomes [82]. In addition, there may be a 

lack of awareness and education among healthcare providers and first 

responders regarding the benefits and proper use of automatic CPR machines, 

which could further limit their adoption and impact. 

The economic considerations of automatic CPR machines play an 

important role in their adoption and use. While these devices can be expensive, 

they may ultimately be cost-effective due to their potential to improve patient 

outcomes and reduce healthcare costs. However, barriers such as lack of 

reimbursement and education may limit their availability and impact. As the 

technology continues to develop and improve, it will be important to continue 

evaluating the economic considerations of automatic CPR machines to ensure 

that they are being used effectively and efficiently. 
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2.10 The automatic cardiopulmonary resuscitation device materials 
 

Automatic cardiopulmonary resuscitation (CPR) devices have been developed 

to improve the delivery of chest compressions during cardiac arrest. These devices are 

designed to provide uninterrupted, consistent, and effective chest compressions, even 

in challenging and unpredictable situations. One crucial aspect of the design of these 

devices is the selection of materials. The choice of materials can have a significant 

impact on the performance, durability, and safety of the device. In this section, will talk 

about the different and ideal materials used in automatic CPR devices and their 

properties. 

The primary component of automatic CPR devices is the piston, which is 

responsible for delivering chest compressions. The piston is typically made of materials 

such as stainless steel or titanium alloy. These materials are preferred because of their 

high strength, durability, and resistance to corrosion [83]. Stainless steel has been 

widely used in the manufacturing of medical devices due to its excellent 

biocompatibility and ease of sterilization. Titanium alloy is also commonly used in 

medical devices because of its high strength-to-weight ratio, excellent biocompatibility, 

and resistance to corrosion and fatigue [84]. 

Another crucial material used in automatic CPR devices is the drive belt, which 

is responsible for transferring the rotary motion of the motor to the piston. The drive 

belt is typically made of materials such as polyurethane or neoprene rubber. These 

materials are preferred because of their high strength, durability, and resistance to wear 

and tear [85]. Polyurethane is a synthetic polymer that exhibits excellent mechanical 

properties, such as high elasticity, toughness, and abrasion resistance. Neoprene rubber 

is a synthetic rubber that has high resistance to oil, chemicals, and abrasion. 

The casing or housing of the automatic CPR device is also an essential 

component that plays a vital role in protecting the internal components and providing a 

secure grip during operation. The casing or housing is typically made of materials such 

as high-impact polycarbonate, ABS plastic, or aluminum. High-impact polycarbonate 

is preferred because of its high-impact resistance, excellent transparency, and ease of 

fabrication. ABS plastic is a thermoplastic polymer that exhibits high impact resistance, 

toughness, and stiffness. Aluminum is a lightweight and durable metal that is 
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commonly used in the manufacturing of medical devices due to its high strength-to-

weight ratio, corrosion resistance, and ease of machining [86]. 

In addition to the above-mentioned components, other materials are also used 

in automatic CPR devices, such as the battery, electrical wires, and connectors. The 

battery is typically made of lithium-ion, nickel-cadmium, or lead acid, depending on 

the device's power requirements and usage scenarios. Lithium-ion batteries are 

preferred because of their high energy density, low self-discharge rate, and long cycle 

life [87]. Electrical wires and connectors are typically made of copper or aluminum 

because of their high conductivity and low resistance. 

The materials used in automatic CPR devices play a crucial role in their 

performance, durability, and safety. The choice of materials depends on various factors, 

such as the device's function, operating conditions, and manufacturing processes. 

Materials such as stainless steel, titanium alloy, polyurethane, neoprene rubber, high-

impact polycarbonate, ABS plastic, aluminum, lithium-ion batteries, copper, and 

aluminum are commonly used in the manufacturing of automatic CPR devices. 

 

 2.10.1 Linear actuator 
 
Linear actuators play a crucial role in the functioning of automatic 

cardiopulmonary resuscitation (CPR) devices, especially in delivering chest 

compressions during cardiac arrest. A linear actuator is a mechanical device that 

produces linear motion or force by converting rotational motion or hydraulic 

pressure into linear displacement. In the context of automatic CPR devices, the 

linear actuator is responsible for moving the chest compression pad up and 

down to deliver high-quality chest compressions. The efficiency and 

effectiveness of chest compressions are dependent on the performance of the 

linear actuator, which should be able to deliver sufficient force, speed, and 

accuracy to meet the guidelines for CPR [88]. 

The ideal linear actuator for automatic CPR devices should have several 

characteristics. First, it should be lightweight and compact to fit within the 

device's design, allowing for easy portability and maneuverability. Second, it 

should be capable of producing high forces, up to 1000 Newtons, to deliver 
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effective chest compressions that meet the recommended depth and rate. Third, 

it should have high precision and accuracy, enabling it to deliver consistent and 

reliable chest compressions without causing any harm to the patient. Fourth, it 

should be durable and able to withstand repeated use without degradation in 

performance or damage to its components. Finally, it should be cost-effective, 

allowing for mass production and distribution of automatic CPR devices [89]. 

Several types of linear actuators are used in automatic CPR devices, 

including electric, hydraulic, and pneumatic actuators. Electric actuators are the 

most common type and are preferred due to their efficiency, controllability, and 

low maintenance requirements. They are powered by electric motors that drive 

a lead screw or a ball screw to produce linear motion. The speed and force of 

the linear actuator can be controlled by adjusting the motor's speed or the pitch 

of the screw. Hydraulic and pneumatic actuators are also used in some automatic 

CPR devices, mainly due to their high power and force output. They are 

powered by compressed air or fluid that drives a piston or a plunger to produce 

linear motion. However, they are less efficient and more complex than electric 

actuators, requiring more maintenance and space [90]. 

 
Figure 2.10.1: LX800 linear actuator motor [91] 

 
The LX800 linear actuator motor is a key component of the automatic 

CPR system. It operates based on the principle of converting rotary motion into 
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linear motion. The motor consists of a lead screw mechanism, where the rotary 

motion of the motor is transferred to the linear motion of the actuator. The 

LX800 motor is designed to provide precise and controlled movement, allowing 

for accurate compression of the chest during CPR. It offers a maximum force 

capacity of 800N, enabling sufficient pressure application for effective 

resuscitation. The motor is powered by an external power supply and can be 

controlled using the Arduino Uno microcontroller in conjunction with a motor 

driver. With its reliable performance and high force output, the LX800 linear 

actuator motor is well-suited for the demanding requirements of the automatic 

CPR system.  

The linear actuator (Figure 2.10.1) is a critical component of automatic 

CPR devices that determines the quality and effectiveness of chest 

compressions delivered during cardiac arrest. The ideal linear actuator should 

be lightweight, compact, powerful, precise, durable, and cost-effective. Electric 

actuators are the most commonly used type due to their efficiency, 

controllability, and low maintenance requirements, although hydraulic and 

pneumatic actuators are also used in some devices. Further research and 

development are needed to improve the performance and reliability of linear 

actuators in automatic CPR devices to save more lives and improve patient 

outcomes. 

 
 2.10.2 Motor driver 
  

Automatic CPR machines are designed to perform chest compressions 

in place of human rescuers during cardiopulmonary resuscitation (CPR) 

procedures. These machines use various components to provide consistent and 

high-quality compressions, including motor drivers [92]. Motor drivers are 

electronic components that control the movement of the linear actuators 

responsible for compressing the patient's chest during CPR. In this essay, we 

will discuss the motor drivers used in automatic CPR machines and their role in 

ensuring effective chest compressions. 

The motor driver is a crucial component in the automatic CPR machine 
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motor driver is responsible for converting the electrical signal from the 

machine's control unit into a mechanical force that drives the linear actuator to 

compress the patient's chest. Motor drivers come in various forms, including H-

bridge and brushed DC motor drivers [93]. These drivers provide the necessary 

current and voltage to the motor, allowing it to move in the desired direction 

and at the appropriate speed. 

One critical consideration when choosing a motor driver for an 

automatic CPR machine is its power efficiency. Since automatic CPR machines 

are often battery-operated, it is essential to minimize the power consumption of 

the motor driver to extend the machine's operating time. In addition, the motor 

driver's efficiency affects the heat generated during operation, which can be 

detrimental to the machine's overall performance. Therefore, selecting a motor 

driver that provides high efficiency and low heat generation is essential for an 

automatic CPR machine [94]. 

Another critical consideration when choosing a motor driver for an 

automatic CPR machine is its reliability. CPR procedures can last for an 

extended period, and the motor driver must operate continuously without failure 

during this time. A failure in the motor driver can result in ineffective chest 

compressions, which can negatively impact the patient's chances of survival. 

Therefore, selecting a motor driver with a high Mean Time Between Failures 

(MTBF) is crucial to ensure the machine's reliability [95]. 

Furthermore, the motor driver's size and weight are also crucial factors 

to consider when designing an automatic CPR machine. Automatic CPR 

machines are often designed to be portable to allow for quick deployment in 

emergency situations. Therefore, selecting a motor driver that is small and 

lightweight is essential to reduce the overall weight of the machine and increase 

its portability. However, the motor driver's size and weight should not 

compromise its performance and reliability, which are critical factors in an 

automatic CPR machine. 

Motor drivers are essential components in automatic CPR machines, 

responsible for controlling the movement of the linear actuator that compresses 
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to ensuring the machine's power efficiency, reliability, and portability. Motor 

drivers with high efficiency, reliability, and small size and weight are ideal for 

use in automatic CPR machines to provide consistent and effective chest 

compressions. 

 

 
Figure 2.10.2: Motor driver L298N [96] 

 
The L298N motor driver (Figure 2.10.2) is a popular dual H-bridge 

motor driver used in many electronic devices, including the automatic 

cardiopulmonary resuscitation (CPR) machine. This motor driver is used to 

control the compression and decompression of the patient's chest in the 

automatic CPR machine, which mimics the manual compressions done during 

cardiopulmonary resuscitation. 

The L298N motor driver is designed to handle two DC motors or a single 

stepper motor, making it suitable for use in the automatic CPR machine [97]. It 

has a voltage range of 5-35V and can handle a peak current of up to 2A per 

channel. The L298N motor driver operates by accepting TTL logic-level signals 

from a microcontroller or other control device and then driving the connected 

motor(s) accordingly [98]. This allows the automatic CPR machine to apply the 

necessary pressure and compression to the patient's chest. 
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One of the significant advantages of the L298N motor driver is its 

versatility, allowing it to be used in different types of electronic devices. This 

makes it an ideal component for the automatic CPR machine, which requires a 

motor driver that can handle the high pressure and compression needed to 

perform cardiopulmonary resuscitation [99]. Additionally, the L298N motor 

driver's compact size makes it easy to integrate into the automatic CPR 

machine's design. 

The L298N motor driver's cost-effectiveness is another reason why it is 

used in the automatic CPR machine. Compared to other motor drivers, the 

L298N is relatively cheap, making it an attractive option for designers who want 

to keep the cost of the automatic CPR machine low [100]. This helps to make 

the device more accessible and affordable for healthcare facilities that may not 

have the budget for expensive equipment. 

The L298N motor driver is a crucial component in the automatic CPR 

machine, allowing for the precise control of chest compression and 

decompression. Its versatility, compact size, and cost-effectiveness make it a 

suitable option for use in the device. With the use of the L298N motor driver, 

the automatic CPR machine can effectively perform cardiopulmonary 

resuscitation and save lives. 
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Figure 2.10.2.1: Motor driver shield MD10 R2 [101] 

 
Motor driver shields are essential components in the design of automatic 

CPR machines. One of the motor driver shields used in these machines is the 

MD10 R2 (Figure 2.10.2.1). This motor driver shield is designed to control two 

DC motors simultaneously, with a peak current of 10A per channel. It has a 

compact size and can easily fit into a small space, making it ideal for use in 

compact devices like automatic CPR machines [102]. The MD10 R2 motor 

driver shield uses a PWM frequency of up to 20KHz, which allows for accurate 

and efficient control of the connected DC motors. It is also easy to interface 

with microcontrollers like Arduino, making it a popular choice for DIY projects 

and small-scale automation applications [103]. 

One of the main advantages of using the MD10 R2 motor driver shield 

in automatic CPR machines is its ability to handle high peak currents. The shield 

is designed to handle peak currents of up to 30A, making it suitable for use with 

high-powered DC motors [104]. In addition, the shield comes with built-in 

protection features like over-current protection and over-temperature 

protection, which ensures the safe operation of the connected motors and the 

shield itself [105]. These features are important in the design of automatic CPR 
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Another advantage of using the MD10 R2 motor driver shield is its ease 

of use. The shield can be easily connected to a microcontroller like Arduino, 

and programming it is straightforward. This makes it an ideal choice for DIY 

enthusiasts who are building their own automatic CPR machines or other 

automation projects. In addition, the shield comes with a user manual and a 

library for Arduino, which simplifies the programming process [106]. 

The MD10 R2 motor driver shield is a cost-effective option for 

controlling DC motors in automatic CPR machines. The shield is priced at 

around $10 to $15, making it an affordable option for small-scale projects and 

DIY enthusiasts. Despite its low price, the shield offers high-quality 

performance and comes with built-in protection features, making it a reliable 

choice for automation projects [107]. 

The MD10 R2 motor driver shield is an ideal choice for controlling DC 

motors in automatic CPR machines. Its ability to handle high peak currents, 

built-in protection features, ease of use, and affordability make it a popular 

choice among DIY enthusiasts and small-scale automation projects. Its compact 

size also makes it ideal for use in small devices like automatic CPR machines. 

With the continued growth of automation and the increasing need for automatic 

CPR machines, the MD10 R2 motor driver shield is expected to continue to be 

a popular choice in the future. 

 

 2.10.3 Arduino Uno 
 

Arduino Uno is a popular microcontroller board that has gained 

widespread popularity in the maker and DIY communities. The board is 

designed to provide a user-friendly and low-cost way for hobbyists, students, 

and professionals to create interactive and programmable electronic projects. 

Arduino Uno is based on the ATmega328P microcontroller, which is a low-

power, high-performance chip that has been widely used in various embedded 

systems. One of the main advantages of the Arduino Uno is its flexibility, which 

allows users to program and interface with a wide range of sensors, actuators, 

and other electronic components. [108] 
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The Arduino Uno board comes with a range of features and 

specifications that make it a popular choice among electronics enthusiasts. The 

board features 14 digital input/output pins, 6 analog inputs, and a 16 MHz quartz 

crystal oscillator. Additionally, the board is equipped with a USB connection, a 

power jack, and an ICSP header. One of the main benefits of the Arduino Uno 

is its ease of use, as the board can be easily programmed using the Arduino IDE 

software. The IDE provides a user-friendly interface for writing, compiling, and 

uploading code to the board. [109] 

The Arduino Uno board is widely used in various applications, including 

robotics, home automation, and IoT. The board's flexibility and ease of use have 

made it an attractive choice for hobbyists and professionals alike. Additionally, 

the Arduino community is constantly developing new libraries, tools, and 

examples that make it easy for users to get started with the board and create 

their own projects. Moreover, the board is affordable and easily accessible, 

making it a popular choice among students and educators in STEM fields. [110] 

Arduino Uno is a versatile and user-friendly microcontroller board that 

has revolutionized the world of electronics and programming. The board's 

flexibility, ease of use, and affordability have made it a popular choice among 

hobbyists, students, and professionals alike. With its powerful ATmega328P 

microcontroller, the Arduino Uno can be programmed to interface with a wide 

range of sensors, actuators, and other electronic components, making it an ideal 

choice for a variety of applications. As the Arduino community continues to 

grow and develop, we can expect to see even more exciting projects and 

applications using this powerful microcontroller board. [111] 
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Figure 2.10.3: Arduino Uno [112] 

 
The Arduino Uno (Figure 2.10.3) is a microcontroller board that is 

widely used for various applications, including in the development of automatic 

CPR machines. It is equipped with a set of input and output pins that can be 

programmed to interact with different electronic components, including motor 

drivers such as the L298N and the MD10 R2. The use of the Arduino Uno 

allows for the creation of custom software that can be tailored to the specific 

requirements of the CPR device, providing greater flexibility and control [113]. 

One of the main advantages of using the Arduino Uno in the 

development of an automatic CPR machine is its open-source nature. The board 

is based on the ATmega328P microcontroller, which can be programmed using 

the Arduino Integrated Development Environment (IDE) that is freely available 

online. This allows for easy customization of the software, making it possible 

to integrate different sensors and components that are required for the proper 

functioning of the CPR device. Moreover, the open-source nature of the 

Arduino Uno has led to the development of a large community of users who 
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share their projects and code, providing a valuable resource for those working 

on similar projects [114]. 

The use of the Arduino Uno in combination with motor driver shields 

such as the L298N and MD10 R2 provides a powerful platform for the 

development of automatic CPR machines. The L298N is a dual H-bridge motor 

driver that is capable of controlling the speed and direction of two DC motors 

simultaneously. It has a maximum output current of 2A per channel and can 

operate at voltages up to 46V [115]. The MD10 R2, on the other hand, is a 

single-channel motor driver shield that is designed specifically for use with the 

Arduino Uno. It is capable of controlling the speed and direction of a single DC 

motor and has a maximum output current of 10A [116]. 

The combination of the Arduino Uno with motor driver shields such as 

the L298N and MD10 R2 provides a flexible and customizable platform for the 

development of automatic CPR machines. By programming the Arduino Uno 

to interact with these motor drivers, it is possible to control the compression and 

release of the chest in a precise and consistent manner, ensuring that the 

necessary force is applied to the chest to maximize the chances of successful 

resuscitation. The use of these motor drivers also allows for the incorporation 

of safety features, such as current limiting and thermal protection, which can 

prevent damage to the motor and ensure that the device operates safely [117]. 

The use of the Arduino Uno in combination with motor driver shields 

such as the L298N and MD10 R2 provides a powerful platform for the 

development of automatic CPR machines. The open-source nature of the 

Arduino Uno allows for easy customization of the software, while the motor 

driver shields provide a flexible and customizable means of controlling the 

compression and release of the chest. By integrating these components, it is 

possible to create a device that is both effective and safe, with the potential to 

save lives in emergency situations. 

 
2.10.4 Ultrasonic sensor 
 

Ultrasonic sensors are widely used in various applications such as 

distance measurement, object detection, and navigation. These sensors work on This material is reserved for educational use only, not allowed for commercial use. 
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the principle of emitting high-frequency sound waves and detecting the time 

taken for the sound waves to bounce back after hitting an object. This 

technology can also be used in the automatic cardiopulmonary resuscitation 

(CPR) machine to ensure the safety of the patient and the rescuer during chest 

compressions. 

The ultrasonic sensor can be placed on the chest of the patient to detect 

the motion of the chest during chest compressions. This will help in ensuring 

that the chest compressions are effective and are not causing any harm to the 

patient. The sensor can also be used to detect the depth of chest compressions 

and the rate at which they are being performed [118]. 

Moreover, the ultrasonic sensor can be used to detect the presence of 

any obstacles or objects that might be in the way of the automatic CPR machine. 

This is important to ensure the safety of both the patient and the rescuer during 

the operation of the machine. For example, if there is an object obstructing the 

movement of the machine, the ultrasonic sensor can detect it and alert the 

operator to take necessary action [119]. 

In addition, the ultrasonic sensor can be used to detect the distance 

between the automatic CPR machine and the patient. This will help in ensuring 

that the machine is in the correct position for chest compressions and will also 

help in adjusting the position of the machine if necessary [120]. 

 
Figure 2.10.4: Ultrasonic sensors [121] This material is reserved for educational use only, not allowed for commercial use. 
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Ultrasonic sensors (Figure 2.10.4) are a useful technology that can be 

incorporated into the automatic CPR machine to ensure the safety of the patient 

and the rescuer during chest compressions. These sensors can detect the motion, 

depth, and rate of chest compressions, as well as any obstacles or objects in the 

way, and the distance between the machine and the patient. All of these factors 

are important in ensuring the effectiveness and safety of the automatic CPR 

machine. 

 

2.10.5 Bluetooth Module 
 

Bluetooth Module HC-05 is a commonly used wireless communication 

module that can connect devices over short distances. It uses Bluetooth 

technology to transmit and receive data wirelessly [122]. In an automatic CPR 

machine, Bluetooth Module HC-05 can be used to control the device remotely, 

which is especially useful in emergency situations. With Bluetooth technology, 

healthcare providers can control the CPR machine from a safe distance, 

reducing the risk of contamination and exposure to infectious diseases. 

Bluetooth Module HC-05 can be easily integrated with the Arduino Uno, 

allowing for seamless communication and control [123]. 

The main advantage of using Bluetooth Module HC-05 in an automatic 

CPR machine is its wireless connectivity. This allows healthcare providers to 

control the device remotely, reducing the risk of exposure to infectious diseases. 

Bluetooth Module HC-05 is also easy to use and can be quickly integrated with 

the Arduino Uno. Additionally, the module is relatively inexpensive, making it 

a cost-effective solution for adding wireless communication to an automatic 

CPR machine [124]. 

One of the potential limitations of Bluetooth Module HC-05 is its 

limited range. The range of Bluetooth Module HC-05 is typically around 10 

meters, which may be insufficient in some situations. However, there are other 

Bluetooth modules available with longer range, such as Bluetooth Module HC-

12, which can provide a range of up to 1,000 meters [125]. Another limitation 
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wireless communication technologies such as Wi-Fi or cellular data. However, 

this may not be a significant concern for an automatic CPR machine, which does 

not require high-speed data transfer [126]. 

 
 

Figure 2.10.5: Bluetooth Module HC-05 [127] 

 
Bluetooth Module HC-05 (Figure 2.10.5) is a cost-effective and easy-

to-use wireless communication module that can be used in an automatic CPR 

machine to allow for remote control. While it may have limitations in terms of 

range and data transfer rate, it remains a practical solution for healthcare 

providers in emergency situations. The integration of Bluetooth Module HC-05 

with the Arduino Uno and other components such as motor drivers and 

ultrasonic sensors can provide a comprehensive solution for building an 

effective automatic CPR machine. 

 

2.10.6 Pushbutton 
  

Push buttons are simple electromechanical switches that are used to 

make or break an electrical connection. They are commonly used in many 

electronic devices and equipment for controlling various functions. In an 
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automatic CPR machine, a push button can be used to control the elevation of 

the CPR device. 

When the push button is pressed, it activates a circuit that raises or 

lowers the CPR device to the desired height. This feature is useful when the 

patient's height or position needs to be adjusted during the CPR process. The 

push button can be mounted on the side of the device or on a remote control for 

easier access and convenience [128]. 

One important consideration when selecting a push button for an 

automatic CPR machine is its durability and reliability. The push button should 

be able to withstand frequent use and have a long lifespan to ensure that it 

remains functional during emergency situations. The button should also be 

designed to provide tactile feedback to the user, indicating that it has been 

pressed and the function has been activated [129]. 

Additionally, the push button should be designed with safety in mind. It 

should be easily accessible and clearly labeled to avoid confusion and prevent 

accidental activation. The button should also be designed to prevent 

unintentional activation, such as by requiring a firm press or by being recessed 

to avoid accidental contact [130]. 

 
Figure 2.10.6: Red and Green momentary push button switch [131] 

 
A push button (Figure 2.10.6) can be a simple and effective way to 

control the elevation of an automatic CPR device. When selecting a push button, 

it is important to consider factors such as durability, reliability, tactile feedback, 
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and safety to ensure that it can withstand frequent use and remain functional 

during emergency situations. 

 
2.10.7 Power source 
 

Power supply is an essential component of any electronic device, 

including the automatic CPR machine. It is responsible for converting the input 

voltage from the wall socket or battery into a regulated output voltage that can 

power the device's circuitry. In the case of the automatic CPR machine, the 

power supply must provide stable and reliable power to ensure the machine's 

proper operation [132]. 

One commonly used power supply for the automatic CPR machine is 

the AC-DC adapter. AC-DC adapters are external power supplies that convert 

AC voltage from the wall socket into DC voltage that the device can use. They 

are widely available, low cost, and provide a stable output voltage with low 

ripple and noise [133]. AC-DC adapters are also convenient for portable devices 

since they can be easily plugged into a wall socket or powered by a battery. 

Another type of power supply that can be used in the automatic CPR 

machine is the battery. Batteries can be either rechargeable or disposable and 

can provide a stable output voltage. The advantage of using a battery as a power 

supply is that it provides portability and autonomy to the device, allowing it to 

function even in areas without access to a wall socket [134]. However, the 

disadvantage of using a battery is that it can add weight and bulk to the device 

and may require frequent recharging or replacement. 

In addition to the power supply's type, the power supply's capacity must 

also be considered. The capacity of the power supply determines how long the 

device can operate on a single charge or how many compressions the machine 

can perform before requiring a recharge or replacement. Therefore, it is 

important to choose a power supply with a sufficient capacity to ensure the 

device's uninterrupted operation [135]. 

Finally, the power supply must also be designed to meet safety standards 

to prevent injury to the user and the patient. Safety standards such as IEC 60601-
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insulation, grounding, and leakage current. Compliance with these standards 

ensures that the device is safe for use in a clinical environment [136]. 

 
Figure 2.10.7: Power supply [137] 

 
The power supply (Figure 2.10.7) is a critical component of the 

automatic CPR machine. The power supply must be reliable, stable, and safe to 

ensure the device's proper operation. Both AC-DC adapters and batteries can be 

used as power supplies, and the capacity of the power supply must be chosen 

carefully to ensure the device's uninterrupted operation. Compliance with safety 

standards such as IEC 60601-1 is also essential to ensure the device's safety in 

a clinical environment [138]. 

 
2.10.7.1 AC adapter 
 

An AC adapter is an essential component for the operation of any 

electrical device that requires a constant power supply. The automatic CPR 

machine is no exception. The machine must be powered continuously for it to 

perform its life-saving function. AC adapters are widely used in the medical 

field, including the automatic CPR machine, due to their stability, reliability, 

and cost-effectiveness [139]. 

When selecting an AC adapter for an automatic CPR machine, it is 

crucial to consider the power requirements of the machine. The power supply 
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must provide sufficient voltage and current to ensure that the machine functions 

optimally. The voltage and current requirements of the CPR machine will be 

specified by the manufacturer and can vary depending on the model of the 

machine. The AC adapter must be chosen carefully to ensure that it meets the 

specifications of the CPR machine [140]. 

In addition to meeting the power requirements, safety is also a critical 

factor when selecting an AC adapter for an automatic CPR machine. It is 

essential to select an adapter that complies with safety standards, such as UL or 

CE. This ensures that the adapter has been tested and certified for safety, 

including protection from electrical shock, fire, and other hazards. Furthermore, 

the AC adapter should have a built-in surge protector to protect the automatic 

CPR machine from power surges that could damage the device [141]. 

When it comes to the physical aspects of the AC adapter, it should be 

compact and easy to transport, especially for emergency situations where the 

automatic CPR machine needs to be moved quickly. The adapter should have a 

long cord to enable flexibility in placing the automatic CPR machine in different 

locations. Additionally, the adapter should have a low noise profile to prevent 

any unwanted interference with the machine's sensors [142]. 

 
Figure 2.10.7.1: AC adapter [143] 

 
The AC adapter (Figure 2.10.7.1) is a crucial component of the 

automatic CPR machine. It provides the necessary power to operate the device This material is reserved for educational use only, not allowed for commercial use. 
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and must be chosen carefully to meet the power requirements and safety 

standards. The AC adapter should be compact, easy to transport, and have a 

long cord to provide flexibility in placement. Finally, the adapter should have a 

low noise profile to prevent any unwanted interference with the machine's 

sensors. 

 

2.10.8 Force sensor 
 

Force sensors (Figure 2.10.8) are essential components of an automatic 

cardiopulmonary resuscitation (CPR) machine. These sensors are used to 

measure the force or pressure applied during the chest compression phase of 

CPR, and they provide valuable feedback on the effectiveness of the 

compressions being delivered. Force sensors are an important part of the CPR 

machine as they help ensure that the compressions are delivered correctly and 

with the appropriate amount of force. 

There are several different types of force sensors that can be used in a 

CPR machine, including load cells, piezoelectric sensors, and strain gauges. 

Load cells are among the most common type of force sensor used in CPR 

machines. These sensors use a deformation of a metallic material to measure the 

amount of force being applied, which is then converted into an electrical signal 

that can be used for feedback. Piezoelectric sensors, on the other hand, use a 

crystal that generates an electrical signal when it is subjected to pressure or 

force. Strain gauges measure the amount of deformation of a metallic strip when 

a force is applied and can be used to determine the amount of force being applied 

during chest compressions [144]. 

The use of force sensors in automatic CPR machines is becoming 

increasingly common due to their ability to provide accurate and reliable 

feedback on the quality of chest compressions being delivered. By measuring 

the force and pressure applied during the compression phase, force sensors can 

help ensure that the compressions are delivered with the correct technique and 

the appropriate amount of force. This can improve the outcomes for patients 
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who require CPR, particularly in situations where traditional manual CPR is 

difficult or ineffective [145]. 

In addition to providing feedback on the force and pressure applied 

during chest compressions, force sensors can also help detect when the patient's 

condition changes. For example, if the patient's chest becomes more rigid or if 

their breathing rate increases, the force sensors can detect these changes and 

adjust the force and timing of the compressions accordingly. This can help 

ensure that the patient receives optimal care and can increase the chances of a 

successful outcome [146]. 

Overall, force sensors are an important part of any automatic CPR 

machine. By providing accurate and reliable feedback on the force and pressure 

applied during chest compressions, these sensors can help improve the quality 

of care provided to patients who require CPR. As the use of automatic CPR 

machines becomes more common, the development and use of more advanced 

and sophisticated force sensors is likely to continue to grow [147]. 

 
Figure 2.10.8: Force sensitive resistor [148] 
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2.10.9 ECG Module 
 

ECG (electrocardiogram) is a widely used non-invasive medical 

technique that records the electrical activity of the heart. In an automatic CPR 

system, the ECG module can be used to monitor the heart rhythm and provide 

real-time feedback to the automated compression system. The ECG module 

typically consists of electrodes, amplifiers, filters, and an analog-to-digital 

converter [149]. 

One important consideration when selecting an ECG module for an 

automatic CPR machine is the quality of the signal. The ECG signal is 

susceptible to various types of noise, including electrical interference from other 

medical devices and movement artifacts from patient motion. To ensure 

accurate and reliable measurements, the ECG module should be designed with 

a high signal-to-noise ratio and incorporate signal processing techniques such 

as filtering and artifact rejection [150]. 

Another important factor to consider when choosing an ECG module is 

the cost. While there are many high-end ECG modules available on the market, 

they may not be practical for use in an automatic CPR machine due to their high 

cost. It is important to balance the cost of the ECG module with the performance 

requirements of the system to ensure that the overall cost of the automatic CPR 

machine remains reasonable [151]. 

The size and weight of the ECG module are also important factors to 

consider, especially if the automatic CPR machine is intended for use in a 

mobile setting. Portable ECG modules (Figure 2.10.9) are available that are 

lightweight and compact, making them well-suited for use in an automatic CPR 

machine that may need to be transported from one location to another [152]. 

Finally, it is important to consider the ease of integration of the ECG 

module with the other components of the automatic CPR machine. Ideally, the 

ECG module should have a standardized interface and protocol that allows for 

easy integration with the motor control, compression depth sensors, and other 

components of the system. This can help to reduce the overall complexity of the 

system and make it easier to maintain and troubleshoot [153]. 
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Figure 2.10.9: ECG module [154] 

 
ECG synchronization with CPR is essential for several reasons. Firstly, 

it allows for the precise timing of chest compressions in relation to the electrical 

activity of the heart. By synchronizing compressions with the R wave of the 

ECG signal, we ensure that the heart is in the optimal phase of its cardiac cycle 

for effective circulation. This synchronization helps to maximize blood flow to 

vital organs, including the brain and the heart itself. 

 

Secondly, ECG synchronization helps to avoid compressions during the 

vulnerable period of cardiac repolarization, known as the T wave. Compressions 

delivered during this phase can lead to ventricular fibrillation, a potentially life-

threatening rhythm disturbance. By coordinating compressions with the R 

wave, we minimize the risk of triggering or exacerbating harmful cardiac 

rhythms. 

Furthermore, ECG synchronization provides feedback on the 

effectiveness of CPR. By monitoring the ECG waveform during compressions, 

we can assess the quality and consistency of chest compressions. Deviations in 

the ECG waveform can indicate the need for adjustments in compression depth, 

rate, or technique to optimize the delivery of CPR. 
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2.10.9.1 Abnormal electrocardiogram 
 

Abnormal electrocardiogram (ECG) readings often include the 

presence of atrial fibrillation (AF). Atrial fibrillation is a common 

cardiac arrhythmia characterized by irregular and rapid electrical 

impulses in the atria of the heart. During AF, the normal coordinated 

contraction of the atria is disrupted, leading to an irregular heartbeat. 

Instead of the normal sinus rhythm, the ECG waveform in AF shows 

chaotic and disorganized electrical activity in the atria. This irregularity 

is represented by the absence of distinct P waves and the presence of 

rapid, irregular, and irregularly spaced QRS complexes on the ECG. The 

irregular ventricular response seen in AF can also lead to an irregular 

pulse. Atrial fibrillation can be intermittent or sustained and may be 

associated with symptoms such as palpitations, shortness of breath, 

chest discomfort, and fatigue. It is important to promptly diagnose and 

manage AF to prevent complications such as stroke, heart failure, and 

other cardiovascular events [155]. 

Atrial fibrillation (AF) is a cardiac arrhythmia characterized by 

an abnormal heart rhythm originating in the atria, the upper chambers of 

the heart. In atrial fibrillation, the electrical signals that coordinate the 

contraction of the atria become chaotic, causing them to quiver or 

fibrillate instead of contracting normally. This results in an irregular and 

often rapid heartbeat. Atrial fibrillation can occur sporadically or 

persistently and may be asymptomatic or accompanied by a range of 

symptoms, including palpitations, fatigue, shortness of breath, 

dizziness, and chest discomfort. It is a common condition, with various 

underlying causes, including age, high blood pressure, heart disease, and 

certain medical conditions. Proper diagnosis and management are 

important to control symptoms, prevent complications, and reduce the 

risk of stroke or other cardiovascular events associated with atrial 

fibrillation [156]. 

 

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



56 
 

2.11 Chapter Summary 
 

Chapter 1 serves as an introduction to the project, outlining the need for 

automating the cardiopulmonary resuscitation (CPR) machine and presenting the 

project's objective. It emphasizes the significance of CPR as a life-saving technique in 

emergency situations and highlights the importance of automating the process to 

enhance its effectiveness and efficiency. 

Chapter 2 delves into a comprehensive exploration of CPR, starting with a 

detailed explanation of the difference between cardiac arrest and cardiac attack in 

section 2.4. It further elaborates on the method of performing CPR, covering the 

essential steps and techniques involved in section 2.5 and section 2.6, respectively. The 

chapter also includes a discussion on the various approaches to performing CPR on 

adults and children, emphasizing the differences and considerations in section 2.7. 

 

To provide a broader context, section 2.2 delves into the history of CPR, tracing 

its origins and evolution over time. In section 2.8, existing CPR devices are examined, 

evaluating their features, functionalities, and limitations to identify areas for 

improvement. The effectiveness of automatic CPR devices is explored in section 2.9, 

highlighting the advantages and potential impact of automation in improving patient 

outcomes. Finally, section 2.10 focuses on the materials used in constructing automatic 

CPR devices, emphasizing the importance of selecting durable and reliable 

components. 

Moving forward, the subsequent chapter (Chapter 3) delves into the design 

aspect of the automatic cardiopulmonary resuscitation system. It presents the system's 

overall design, including detailed diagrams and illustrations of its components and their 

interconnections. Furthermore, the chapter provides insights into the assembly process 

of the machine, documenting the steps taken and discussing any challenges 

encountered. By the end of the chapter, readers gain a comprehensive understanding of 

the design and physical realization of the automatic CPR system.  
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CHAPTER 3 

SYSTEM INSTALLATION AND DESIGN 
 

3.1 Introduction 
 

In this chapter, the focus shifts towards the implementation and design 

aspects of the automatic cardiopulmonary resuscitation (CPR) machine. 

Building upon the foundation established in the previous chapters, Chapter 3 

delves into the practical considerations and technical details involved in 

bringing the automatic CPR machine to life. 

The chapter begins with an introduction to the installation process, 

emphasizing the importance of proper setup and configuration for optimal 

performance. Key considerations and requirements are discussed to ensure that 

the automatic CPR machine operates seamlessly within the intended 

environment. 

Following the installation overview, the chapter delves into the design 

principles and guidelines employed during the development of the automatic 

CPR machine. Ergonomic design, user-friendly interfaces, and integration of 

essential features are highlighted as key factors in enhancing the effectiveness 

and usability of the system. The chapter delves into the design process, 

showcasing the thought and careful planning that went into creating an efficient 

and intuitive machine. 

One of the core components discussed in Chapter 3 is the circuit 

diagram. This visual representation provides a comprehensive overview of the 

electrical connections and components utilized in the automatic CPR machine. 

The circuit diagram serves as a crucial reference point, aiding in understanding 

the intricate electrical infrastructure and ensuring proper functioning of the 

system. 

In addition to the hardware aspects, the chapter explores the design of 

the mobile app interface used to control and monitor the automatic CPR 

machine. User-friendly and intuitive design principles are employed to enhance 

the user experience and facilitate seamless operation of the system. The chapter 
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examines the key features, functionalities, and visual elements of the mobile 

app interface, showcasing its role in empowering users to interact with the CPR 

machine effectively. 

The chapter delves into the hardware assembly process, providing a 

step-by-step account of how the various components of the automatic CPR 

machine are integrated. Attention is given to ensuring proper alignment, secure 

connections, and reliable functionality, while also addressing any challenges 

encountered during the assembly process. 

 

3.2 Material and method 
 

An automatic resuscitation system is a life-saving medical device that can 

provide continuous cardiac and pulmonary support to a patient in cardiac arrest. The 

system typically consists of three key components: an automatic CPR machine, an 

emergency ventilator, and an ECG module. The automatic CPR machine provides 

consistent and effective chest compressions, while the emergency ventilator helps 

maintain oxygenation of the patient's blood. The ECG module monitors the patient's 

heart rhythm and provides critical information about the patient's cardiac activity. 

The automatic CPR machine is the core component of the automatic 

resuscitation system. It provides consistent and effective chest compressions to the 

patient, helping to maintain blood flow to the vital organs. The machine typically uses 

a linear actuator or a piston-driven system to compress the chest and is controlled by an 

Arduino Uno microcontroller with motor driver shields such as L298N or MD10 R2. 

The use of force sensors can help ensure that the compressions are consistent and 

provide adequate depth. The machine may also be equipped with a push button to 

control the elevation of the CPR device. Overall, the automatic CPR machine provides 

critical support to the patient in cardiac arrest and helps maximize the chances of a 

successful resuscitation. 

The use of an ECG module can also help ensure that the patient's oxygenation 

needs are met, by providing critical information about the patient's cardiac activity. 

ECG-synchronized CPR is a technique that combines the use of electrocardiogram 

(ECG) monitoring with cardiopulmonary resuscitation (CPR) to enhance the 
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effectiveness of resuscitation efforts. In this approach, the ECG signal is continuously 

monitored, specifically focusing on the R wave, which represents the electrical 

depolarization of the heart's ventricles. The CPR compressions are then synchronized 

with the R wave, ensuring that chest compressions are performed during the cardiac 

refractory period, when the heart is most receptive to circulation. This synchronization 

optimizes the timing of compressions, increasing the likelihood of effective blood flow 

and oxygenation. By aligning CPR with the patient's underlying cardiac rhythm, ECG-

synchronized CPR improves the chances of successful resuscitation and can potentially 

lead to better outcomes for individuals experiencing cardiac arrest. 

The ECG module is the third component of the automatic resuscitation system. 

It provides critical information about the patient's cardiac activity, including heart rate, 

rhythm, and electrical activity. The ECG module may be integrated into the automatic 

CPR machine, or maybe a separate component connected to the system. The module 

typically uses leads placed on the patient's chest to detect and analyze the patient's 

cardiac activity. This information can help guide the resuscitation efforts, by identifying 

the need for defibrillation or medication, for example. 

The design of the automatic resuscitation system is critical to its effectiveness 

in saving lives. The integration of the automatic CPR machine, emergency ventilator, 

and ECG module provides a comprehensive and coordinated approach to resuscitation. 

The use of force sensors, motor driver shields, and push buttons can help ensure that 

the compressions provided by the automatic CPR machine are consistent and effective. 

The use of a portable emergency ventilator can provide reliable and consistent 

oxygenation to the patient. The use of an ECG module can help guide the resuscitation 

efforts by providing critical information about the patient's cardiac activity. 

The automatic resuscitation system is a critical life-saving device that can 

provide continuous cardiac and pulmonary support to a patient in cardiac arrest. The 

system consists of three key components: an automatic CPR machine, an emergency 

ventilator, and an ECG module. The integration of these components provides a 

comprehensive and coordinated approach to resuscitation, maximizing the chances of 

a successful outcome. The design of the system is critical to its effectiveness, and the 

use of force sensors, motor driver shields, push buttons, and portable emergency 

ventilators can help ensure that the system functions effectively in saving lives. This material is reserved for educational use only, not allowed for commercial use. 
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3.3 Design of automatic cardiopulmonary resuscitation device 
 

 
Figure 3.3.1: Design of the base of automatic CPR device 

 
The design for the base of the CPR machine is an important aspect in 

ensuring the stability and durability of the device. The base should be able to 

support the weight of the device and the person being resuscitated, while also 

maintaining a steady and balanced platform. The material used for the base should 

be sturdy and able to withstand regular use and potentially harsh conditions. 

Additionally, the design should allow for easy maneuverability and transportability 

if necessary. In Figure 3.3.1 is the design of the base of the automatic CPR device. 

This is the part that will support the CPR device that will contain all the components 

of the automatic cardiopulmonary resuscitation. The base of the automatic 

cardiopulmonary resuscitation device has a width of 200 mm and length of 400 mm 

and a height of 10 mm. Regardless of the specific design, it is important to consider 

the weight of the base in relation to the overall weight of the device. The base should 

be heavy enough to provide stability, but not so heavy that it impedes mobility. The 

base should also be designed with easy cleaning in mind to ensure proper hygiene 

and reduce the risk of infection. 

The design of the base for the CPR machine is an important aspect to 

consider when creating a reliable and effective resuscitation system. A sturdy and 
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stable platform is necessary to ensure the safety of the person being resuscitated, 

while also allowing for easy maneuverability and transportability. With careful 

consideration and design, the base can provide the necessary foundation for a 

successful CPR machine. 

 
 

Figure 3.3.2: Design of the motor holder of automatic CPR device 
 

The design of the motor holder is an essential aspect of the automatic 

CPR device. It is responsible for holding the motor and ensuring that it is 

securely attached to the base of the machine. The motor holder should be 

designed to fit the specific motor being used, and it must provide a stable 

platform for the motor to operate. Additionally, the motor holder should be 

designed to allow for easy access to the motor and any necessary adjustments 

or maintenance. Overall, a well-designed motor holder is crucial for the smooth 

and efficient operation of the automatic CPR machine. In Figure 3.3.2 is the 

design of the motor holder of the automatic CPR device. This is the part 

designed to contain the motor and all of the microcontroller devices. The size 

of the motor holder should allow the motor to be in the correct hand position 

and the motor holder should be strong enough to withstand the force of the This material is reserved for educational use only, not allowed for commercial use. 
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motor. The motor holder of the automatic cardiopulmonary resuscitation device 

has a width of 200 mm and length of 300 mm and a height of 100 mm. 

 

 
 

Figure 3.3.3: Design of the rubber of automatic CPR device 
 

The rubber surface (Figure 3.3.3) on the compression component of the 

cardiopulmonary resuscitation equipment is a critical design element that 

requires careful consideration. One of the primary concerns is ensuring that the 

rubber surface is large enough to provide adequate coverage while also 

preventing excessive stress on the patient. If the rubber surface is too small, it 

could lead to the concentration of force on a smaller area, increasing the 

likelihood of rib fractures and other injuries. Therefore, a diameter of 100 mm 

has been selected as an appropriate size to ensure that the rubber surface 

provides sufficient coverage while minimizing the risk of injury. 

 

Another critical aspect of the design of the rubber surface is its material 

composition. The material should be durable enough to withstand repeated use 

without significant wear and tear, yet soft enough to provide adequate 
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cushioning for the patient. A common material used in the design of these 

rubber surfaces is silicone, which has been shown to have excellent durability 

and elasticity while providing the necessary cushioning for the patient. 

In addition to the size and material of the rubber surface, other design 

considerations include the method of attachment to the compression component 

and ease of replacement. The rubber surface should be securely attached to the 

compression component to prevent any shifting during use, while also allowing 

for easy replacement when necessary. 

Overall, the design of the rubber surface for the compression component 

of the automatic CPR device is a critical element that requires careful 

consideration to ensure both patient safety and equipment functionality. By 

selecting an appropriate size and material, as well as a secure attachment method 

and ease of replacement, the rubber surface can provide the necessary coverage 

and cushioning for effective CPR without compromising patient safety. 

 

  
Figure 3.3.4: Linear actuator connector 

 
A short steel rod is shown in Figure 3.3.4 that was cut from the original 

portion. Drill a hole around 20 millimeters in diameter and a depth of 1 inch to 

connect it to the linear actuator, then fasten it with a steel rod from the old 

portion. The second linear actuator will be connected to the motor holder with 

this part. 

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



64 
 

 
 

Figure 3.3.5: Assembly design of the automatic CPR device 
 
The assembly of the automatic CPR machine is designed with 

dimensions of 200mm in width, 500mm in height, and 400mm in length (Figure 

3.3.5). The base height of the device is set at 500mm, but it has the capability 

to extend its height using a linear actuator, reaching a maximum height of 

650mm. This adjustable feature allows the device to accommodate different 

patient sizes and optimize the compression process for effective 

cardiopulmonary resuscitation. 

The assembly of the automatic CPR machine involves several key 

components, including the base, compression component, motor holder, motor 

driver shield, motor driver L298N, ultrasonic sensor, Bluetooth module, push 

button, power supply, ECG module, and emergency ventilator. The base of the 

machine is designed to provide a stable foundation, while the compression 

component is responsible for applying pressure to the patient's chest. The motor 

holder is designed to securely hold the motor and allow for easy access and 

maintenance. The motor driver shield and L298N are essential for controlling 

the motor, while the ultrasonic sensor is used for detecting the patient's chest 

500 mm 

200 mm 
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movement. The Bluetooth module and push button are used for controlling the 

machine, while the power supply provides the necessary power. The ECG 

module is used for monitoring the patient's heart rate, and the emergency 

ventilator is used in conjunction with the automatic CPR machine to provide 

complete resuscitation. The design assembly of the automatic CPR machine 

must take into account all of these components to ensure that the machine 

functions properly and efficiently. 

As for the adjustment for the compression distance part to be more 

precise, I first tried using a linear rail and a stepper motor with a helix, however, 

the linear rail could not be placed to hold the linear actuator holder in position. 

And because the linear actuator holder is quite heavy the linear rail is too narrow 

to sustain the weight of the linear actuator holder.  In the design (shown in 

Figure 3.3.5), I switch from utilizing the linear rail to control compression 

distance precision to using the second linear actuator that will be controlled by 

buttons. The first linear actuator, which will compress the patient, will be 

controlled by a mobile phone using App Inventor, while the second linear 

actuator, which will regulate the device's up and down movement, will be 

controlled by push button switches. 
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Figure 3.3.6: The assembly of the automatic resuscitation system 

The assembly of the automatic resuscitation system (Figure 3.3.6) 

involves the integration of three main components: the automatic CPR machine, 

and the ECG module. The assembly of these components is critical to ensure 

the effective functioning of the system. 

The automatic CPR machine consists of a motor, motor driver shield 

MD10 R2, motor driver L298N, push buttons, ultrasonic sensors, Bluetooth 

module HC-05, force sensors, power supply, and the base. The motor driver 

shields are mounted on the base to control the motor and allow the machine to 

perform chest compressions on the patient. The push buttons are attached to the 

base and are used to control the elevation of the machine. Ultrasonic sensors are 

mounted on the machine to detect the distance between the patient and the 

machine. The Bluetooth module HC-05 allows the machine to connect to a 

remote device, such as a mobile phone, for monitoring purposes. Force sensors 

are placed on the compression component of the machine to ensure that the 

correct amount of force is applied to the patient during chest compressions. A 

power supply is used to provide the necessary electrical energy to run the 

machine. 
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The ECG module is used to monitor the heart rate and rhythm of the 

patient. It includes electrodes that are placed on the chest of the patient to 

measure the electrical activity of the heart. The emergency ventilator is also 

controlled by the microcontroller and delivers oxygen to the patient based on 

their respiratory rate and oxygen saturation levels. The force sensors on the 

compression component of the machine ensure that the correct amount of force 

is applied to the patient during chest compressions. The Bluetooth module 

allows for remote monitoring and control of the system. The design of an ECG-

synchronized CPR system involves the integration of ECG monitoring 

technology with a CPR device to optimize the timing and effectiveness of chest 

compressions. The system utilizes the ECG signal to detect the R wave, which 

represents the electrical activity associated with ventricular contraction. By 

synchronizing the CPR device with the R wave, chest compressions can be 

delivered at the optimal time during the cardiac cycle, maximizing blood flow 

and perfusion to vital organs. 

The assembly of the automatic resuscitation system requires careful 

consideration and integration of multiple components. The automatic CPR 

machine, emergency ventilator, and ECG module are all critical to the effective 

functioning of the system. Proper calibration and connection of the components 

are essential for the successful operation of the system, and any errors or 

malfunctions must be identified and addressed promptly. The automatic 

resuscitation system represents a significant advancement in the field of 

emergency medicine and has the potential to save countless lives in critical 

situations. 
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3.4 App Inventor 
 

 
Figure 3.4: App Inventor interface design 

 
Figure 3.4 shows the primary components and functionalities of the 

interface. 

List Picker for Bluetooth Device Connection: The app interface 

incorporates a list picker that allows users to select the specific Bluetooth device 

to establish a connection. This feature offers flexibility, enabling users to 

connect to different devices based on their preferences or specific requirements. 

Disconnect Button: To provide users with control over the Bluetooth 

connection, the interface includes a disconnect button. This button allows users 

to effortlessly terminate the Bluetooth connection, facilitating smooth 

disconnection and enhancing the overall usability of the app. 

Extend Button: The interface integrates an extended button, which 

triggers the linear actuator motor to extend to its maximum length. This 

functionality ensures proper positioning and preparation of the CPR device, 

optimizing compression performance during resuscitation procedures. 

Return Position Button: For the linear actuator motor to return to its 

minimum length, a return position button is included in the app interface. This 
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feature enables users to easily reset the linear motor, ensuring efficient device 

management and preparation for subsequent use. 

Compression Rate Buttons: Recognizing the significance of consistent 

and appropriate chest compressions during CPR, the app interface provides 

users with dedicated buttons to control the compression rate. By selecting the 

desired rate, such as 80 or 100 compressions per minute, users can adhere to 

recommended standards for effective resuscitation. 

Stop Button: To address situations that require the immediate cessation 

of the linear motor's operation, the app interface includes a stop button. Users 

can quickly halt the motor's movement, enhancing safety and enabling swift 

response to unforeseen circumstances during CPR procedures. 

Ultrasonic Value Changing Label: The app interface incorporates an 

ultrasonic value changing label that displays real-time data from an ultrasonic 

sensor. This feature provides users with valuable information about the distance 

or position relevant to the CPR device, allowing for precise adjustments and 

ensuring accurate positioning during chest compressions. 

Clock: To enhance usability and keep users informed, the app interface 

includes a clock feature. This clock displays the current time, enabling users to 

track the duration of CPR procedures or time intervals between compressions. 

ECG Synchronized button: When pressing this button, the CPR machine 

will switch to ECG synchronized mode. In this mode, the compression of the 

CPR machine is synchronized to the ECG signal R wave. 

 

The development of an app interface using App Inventor for controlling 

an automatic CPR device represents a significant advancement in the field of 

medical technology. The integration of features such as the list picker for 

Bluetooth device connection, disconnect button, extend and return position 

buttons for linear actuator control, compression rate buttons, and a stop button 

enables users to control the CPR device efficiently. 
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Figure 3.4.1: App Inventor block diagram 
 

The App Inventor block interface plays a crucial role in control of the 

automatic CPR device shown in Figure 3.4.1.  

Connect List Picker: The Connect List Picker component allows users 

to select the specific Bluetooth device they wish to connect to. This feature 

offers flexibility and convenience, allowing users to establish a connection with 

their preferred device for controlling the CPR system. 

Bluetooth Connection: The Bluetooth Connection component 

establishes a seamless connection between the app and the Arduino, enabling 

wireless communication. This connection is vital for transmitting commands 

and receiving data to control the automatic CPR device. 

Disconnect Button: The Disconnect Button component allows users to 

terminate the Bluetooth connection effortlessly. By clicking this button, users 

can disconnect from the connected Bluetooth device, providing a streamlined 

user experience and ensuring smooth disconnection. 

Return Position Button: When the Return Position Button is clicked, the 

corresponding block sends the value '3' to the Arduino. This command instructs 

the Arduino to stop the linear actuator motor and return it to its original position. 
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This functionality ensures proper resetting of the CPR device for subsequent 

use. 

Extend Button: When the Extend Button is clicked, the corresponding 

block sends the value '1' to the Arduino. This command triggers the linear 

actuator motor to extend to its maximum length, allowing optimal positioning 

and preparation of the CPR device for effective chest compressions. 

80 and 100 Compression Buttons: The 80 Compression Button and 100 

Compression Button components provide users with the ability to initiate CPR 

chest compressions at specific rates. When either button is clicked, the 

corresponding block sends the values '2' or '4' to the Arduino, respectively. 

These commands enable Arduino to control the compression rate of the CPR 

device accordingly. 

Stop Button: Clicking the Stop Button sends the value '0' to the Arduino. 

This command immediately halts the operation of the linear actuator motor, 

ensuring prompt response to any emergency situation during CPR procedures. 

ECG synchronize Button: By pressing the ECG Button sends the value 

'5' to the Arduino. This will make the linear actuator compress according to the 

ECG signal R wave. Making the compression synchronize with the ECG signal. 

The block diagram of the App Inventor interface serves as a critical 

control mechanism for the automatic CPR device. It consists of components 

such as the Connect List Picker, Bluetooth Connection, Disconnect Button, 

Return Position Button, Extend Button, 80 and 100 Compression Buttons, and 

Stop Button. These components work together to establish Bluetooth 

connections, transmit commands, and control the linear actuator motor for 

proper chest compressions during CPR procedures. 

Controlling the automatic resuscitation system through a phone or 

mobile application offers several benefits. First, it provides convenience and 

ease of use for the user, who can control and monitor the system from a distance 

or while attending to other tasks. Second, it allows for wireless communication 

between the device and the user's phone, eliminating the need for cumbersome 

wires or cables. Third, using a phone as a control interface allows for a more 
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using apps on their phones. Finally, it enables real-time monitoring and data 

collection, which can be useful for medical professionals or researchers. 

 

3.5 Circuit diagrams 

 
Figure 3.5: Circuit diagram for compression linear actuator 

 
The automatic CPR device shown in Figure 3.5 is designed to provide 

effective chest compressions to patients in need of cardiopulmonary 

resuscitation. The linear actuator motor, which is powered by 12 volts, is the 

main component responsible for performing the chest compressions. The motor 

is connected to the motor driver shield, which allows for precise control of the 

motor's movements. The Arduino, which serves as the device's brain, is also 

connected to the motor driver shield, as well as the ultrasonic sensor and 

Bluetooth module. 

The ultrasonic sensor, which is connected to Arduino pins 8 and 9, is 

used to detect the distance between the device and the patient's chest. This 

information is then used to adjust the depth of the chest compressions to ensure 

that they are effective without causing harm to the patient. The Bluetooth 

module, which is connected to Arduino pins TX and RX, allows for wireless 

communication between the device and the app inventor's interface. 

By using a Bluetooth connection, the app inventor can control the device 

wirelessly, making it easier to use and more convenient for healthcare providers. 

The app inventor can adjust the compression rate of the device, with options for 
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100 and 120 compressions per minute. The app inventor can also reset the linear 

actuator motor to its starting position and receive real-time data from the 

ultrasonic sensor. 

 

Overall, the design of the automatic CPR device is carefully crafted to 

ensure the safe and effective delivery of chest compressions to patients in need 

of resuscitation. The combination of the linear actuator motor, motor driver 

shield, Arduino, ultrasonic sensor, and Bluetooth module creates a sophisticated 

system that can be controlled wirelessly with ease. 

 

 
Figure 3.5.1: Circuit diagram for the second linear actuator 

 
In the circuit diagram shown in Figure 3.5.1, the L298N motor driver 

will be connected to a 12V power supply or adapter, which will provide power 

to the motor. The linear actuator will be connected to the motor driver, and the 

motor driver will be controlled by Arduino pins 10 and 9, which will be used as 

outputs and connected to IN1 and IN2 on the motor driver. The Arduino's pins 

2 and 3 will power the led switches, which will be used to control the linear 

actuator. When the button attached to pin 2 is pressed, the linear actuator will 

extend, and when the button attached to pin 3 is pressed, the linear actuator will 

retract. This will allow for precise control of the linear actuator without the need 

for wireless communication or the use of the app inventor. The use of led 
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which the linear actuator is moving. Overall, the circuit diagram for the second 

linear actuator provides a simple and effective way to control the device without 

the need for a mobile device or wireless communication. 

 
Figure 3.5.2: Circuit diagram for force sensors 

The circuit diagram for the FSR (Figure 3.5.2) connected to an Arduino 

Uno using a 10k ohm resistor is a basic setup that allows the Arduino to read 

the changes in resistance from the FSR. The FSR is a sensor that changes its 

resistance when a force is applied to it. The 10k ohm resistor is used as a pull-

down resistor, which helps to stabilize the voltage and reduce any noise or 

fluctuations in the circuit. 

The circuit diagram consists of four main components: the FSR, the 10k 

ohm resistor, the Arduino Uno, and the power source. The FSR is connected to 

the analog input pin A0 on the Arduino Uno. The other end of the FSR is 

connected to the 10k ohm resistor, which is then connected to the ground (GND) 

pin on the Arduino. 

The FSR and the 10k ohm resistor form a voltage divider circuit, where 

the voltage across the FSR is measured by the analog input pin on the Arduino. 

When a force is applied to the FSR, the resistance changes, which causes a 

change in voltage across the FSR. This change in voltage is then read by the 
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In summary, the circuit diagram for the FSR connected to an Arduino 

Uno using a 10k ohm resistor is a simple setup that allows the Arduino to read 

the changes in resistance from the FSR, which can be used to determine the 

force being applied. 

 
Figure 3.5.3: Circuit diagram for ECG module [157] 

An ECG (Figure 3.5.3) module is an electronic device used to measure 

and record the electrical activity of the heart. The circuit diagram for an ECG 

module consists of several components, including electrodes, an 

instrumentation amplifier, a low-pass filter, a high-pass filter, and an Arduino 

microcontroller. 

The ECG electrodes are placed on the patient's chest to capture the 

electrical signals generated by the heart. The signal from the electrodes is then 

amplified by the instrumentation amplifier to increase the strength of the signal. 

The amplified signal then passes through a low-pass filter, which 

removes high-frequency noise from the signal. This helps to ensure that the 

ECG signal is clean and accurate. 

Next, the signal passes through a high-pass filter, which removes any 

low-frequency noise from the signal. This helps to further improve the quality 

of the ECG signal. 
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Finally, the filtered ECG signal is sent to the Arduino microcontroller 

for processing and display. The Arduino can be programmed to display the ECG 

waveform in real-time on a computer screen or to record the data for later 

analysis. 

Overall, the circuit diagram for an ECG module is designed to accurately 

measure and record the electrical activity of the heart, which can be used for 

medical diagnosis and treatment. 

 

3.6 Hardware part 

 

  
Figure 3.6.1: Second linear actuator installation 

 
When installing the second linear actuator, it is important to ensure that 

it is well-supported and secure, as it will be responsible for moving the motor 

holder. A 20-centimeter steel rod is a good choice for support, as it is strong 

enough to handle the weight of the motor holder and provides stability. 

However, simply attaching the linear actuator to the steel rod is not enough. To 

further enhance its stability and prevent any potential damage, a 2 in x 4 in black 

steel box can be used to cover and protect the linear actuator as shown in Figure 

3.6.1. This will help prevent any accidental bumps or knocks that could cause 

the linear actuator to move or become damaged. Overall, the combination of the 

steel rod and steel box provides a sturdy and reliable installation for the second 

linear actuator, ensuring that it can effectively and safely operate the motor 

holder. 
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Figure 3.6.2: The Automatic CPR machine 

 

The automatic CPR machine (Figure 3.6.2) is a device designed to 

provide continuous chest compressions to a person in cardiac arrest. It is an 

essential tool used by medical professionals to help resuscitate patients who 

have stopped breathing or have no pulse. In order to ensure the smooth and 

efficient operation of the device, it is necessary to have a secure and stable 

platform for the motor and microcontroller devices. 

To achieve this, a small circuit box is installed to house and secure all 

the microcontrollers and other electronic components needed to operate the 

device. This helps to protect the components from damage and also reduces the 

risk of loose connections or other issues that could interfere with the proper 

functioning of the machine. 

Additionally, a linear rail is used to secure the top and bottom parts of 

the machine to prevent shaking during operation. This helps to ensure that the 

device remains stable and that the motor can operate smoothly without any 

unnecessary vibrations or movements. 

Overall, these measures help to ensure the reliable and effective 

operation of the automatic CPR machine, making it an essential tool for saving 

lives in emergency situations. 
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Figure 3.6.3: ECG module and FSR sensors 

 

The ECG module is an important component in the automatic 

resuscitation system that includes the automatic CPR machine, emergency 

ventilator, and FSR (Figure 3.6.3). It is responsible for measuring the electrical 

activity of the heart and displaying it as a waveform on a screen or through a 

speaker. This allows medical professionals to monitor the patient's heart rhythm 

and identify any abnormalities or potential cardiac issues. 

The ECG module typically consists of several electrodes that are 

attached to the patient's chest and connected to the module. These electrodes 

detect the electrical signals generated by the heart and transmit them to the 

module, where they are amplified and filtered to produce a clear and accurate 

ECG waveform. 

In addition to the ECG module, the automatic resuscitation system also 

includes the FSR to measure the force induced onto the patient during chest 

compressions. The device consists of four FSRs to measure the force at four 

different angles of the rubber surface. This allows for more accurate 

measurements and helps ensure that the correct amount of force is being applied 

during CPR. 

ECG-synchronized CPR hardware consists of specialized electrodes that 

are strategically placed on the patient's body to capture and transmit the 
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electrical signals of the heart. In this specific setup, the green electrode is 

attached to the right leg, the red electrode to the right arm, and the yellow 

electrode to the left arm. These electrodes serve as the input interface for the 

ECG module, which processes the electrical activity of the heart and generates 

the ECG waveform. The ECG waveform is then analyzed in real-time by the 

CPR hardware, which includes a control unit and actuation mechanism. The 

control unit interprets the ECG signal, detects the R wave, and triggers the chest 

compressions at the appropriate time. The actuation mechanism is responsible 

for delivering the compressions with the desired force and depth. By 

synchronizing the CPR actions with the ECG signal, this hardware setup 

optimizes the effectiveness of CPR by aligning it with the patient's cardiac 

rhythm, improving the chances of successful resuscitation. 

 
Figure 3.6.4: FSR sensors position 

 
In Figure 3.6.4, a visual representation showcases the strategic 

placement of the FSR sensors to accurately measure the force exerted during 

compression in the device. With the utilization of four force sensors, we are able 

to assess the balance of force distribution during the compression process. When 
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the force is imbalanced, the FSR values will exhibit variations among the 

sensors. These FSR sensors are positioned underneath the rubber component 

that comes into contact with the patient's chest. The incorporation of FSR 

sensors enables us to not only monitor the force applied to the patient but also 

ensure its appropriateness. If the FSR readings indicate an excessive force being 

exerted, the device will promptly cease operation to mitigate the risk of potential 

chest injuries to the patient. 

 
Table 3.6.5: FSR sensors calibration 

 
By using the Arduino code calculates the force exerted on four FSR 

sensors and converts the analog readings to force values in kilograms (Table 

3.6.5). The principle behind the conversion involves measuring the resistance 

of the FSR sensors using voltage readings. By applying a known relationship 

between resistance and force, the code calculates the force exerted on each FSR 

sensor. The resistance values are then used to derive force values in kilograms 

through a mathematical equation. These force values are subsequently printed 

to the Serial monitor. This process enables the system to measure and display 

the force applied to the FSR sensors in a standardized unit of kilograms, 

providing valuable information about the pressure exerted on the sensors during 

the operation of the device. 
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Figure 3.6.6: Total assembly of the automatic CPR system 

 

The automatic resuscitation system (Figure 3.6.6) consists of several 

components that work together to provide life-saving measures during a cardiac 

arrest or respiratory failure. The main components of the system include the 

automatic CPR machine, emergency ventilator, ECG module, and FSR sensors. 

The automatic CPR machine is designed to perform chest compressions 

on the patient during cardiopulmonary resuscitation (CPR). It includes a linear 

actuator, motor driver, and a microcontroller such as an Arduino, along with 

various sensors and switches to control the speed and force of the compressions. 

The ECG module is used to monitor the patient's heart activity and detect 

any abnormalities or changes that may occur during resuscitation. It includes a 

set of electrodes that are placed on the patient's chest, which detect the electrical 

signals produced by the heart and transmit them to the microcontroller for 

analysis and display. The integration of ECG synchronization with an automatic 

CPR system enhances the precision and effectiveness of cardiac resuscitation 

efforts. By aligning the chest compressions with the electrical activity of the 

heart, as indicated by the ECG signal, the system ensures that compressions are 

delivered during the optimal phase of the cardiac cycle. This synchronization 

maximizes blood flow to vital organs, minimizes the risk of triggering harmful 

cardiac rhythms, and provides real-time feedback on the quality of 
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compressions. ECG synchronization with the automatic CPR system improves 

the chances of successful resuscitation and contributes to better patient 

outcomes in cases of cardiac arrest. 

Lastly, the FSR sensors are used to measure the force applied to the 

patient's chest during CPR, which can help ensure that the compressions are 

effective and minimize the risk of injury to the patient. The FSR sensors are 

placed on a rubber surface that covers the patient's chest, and they measure the 

force applied at four different angles. 

Overall, the combination of these components provides a 

comprehensive and effective system for performing resuscitation in emergency 

situations. 

 

3.7 Optical-Based Pressure Measurement System 

The utilization of an Optical-Based Pressure Measurement System 

offers valuable insights into the pressure distribution exerted on the patient 

during various activities. This innovative system provides a real-time, cost-

effective, and marker-free approach to measuring plantar pressure, enabling 

analysis in human postural control, gait analysis, and recognition studies. 

The Optical-Based Pressure Measurement System comprises a setup of 

digital cameras installed beneath an acrylic-top platform. Along the sides of the 

acrylic plate, an LED strip is mounted, which emits light that is deflected by the 

pressure applied between the glossy white paper on top of the acrylic plate and 

the acrylic plate itself. This deflection of light is captured by the digital cameras, 

resulting in a color-coded image that represents the plantar pressure distribution 

of the subject standing on the platform [158]. 

The system incorporates a series of USB cameras aligned under the 

acrylic-plate walking platform, and a mosaic image processing technique is 

employed to concatenate the captured images, thereby increasing the sensing 

area. By capturing the image data in video mode, various dynamic parameters 

can be derived for further analysis of the subject's dynamic movement. 

Additionally, individual frames from the captured images can be used for static 

analysis of the plantar pressure distribution [158]. This material is reserved for educational use only, not allowed for commercial use. 
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The applications of this Optical-Based Pressure Measurement System 

extend to human postural measurement, gait analysis, and person identification. 

It's versatility and comprehensive nature make it an all-in-one solution for 

measuring pressure in various contexts. By utilizing this system, healthcare 

professionals and researchers can gain valuable insights into the pressure 

distribution patterns exerted on the patient's feet during different activities, 

providing essential information for optimizing interventions, improving gait 

analysis techniques, and enhancing individual identification methods [158]. 

The incorporation of an Optical-Based Pressure Measurement System 

in automatic CPR systems offers significant advantages in understanding the 

pressure distribution on the patient's feet. This system provides real-time, 

marker-free measurement capabilities, allowing for comprehensive analysis of 

plantar pressure in human postural control, gait analysis, and person 

identification. Its ability to capture dynamic and static plantar pressure data 

makes it an invaluable tool for optimizing treatments, refining gait analysis 

techniques, and developing personalized care strategies. 

 

Figure 3.7: Design of optical-based pressure measurement device [158] 

In our particular scenario, we have opted to utilize a single camera 

instead of employing all the USB cameras available in the optical-based plantar-This material is reserved for educational use only, not allowed for commercial use. 
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pressure measurement device (Figure 3.7). This decision is based on factors 

such as cost-effectiveness and simplicity of implementation. By utilizing a 

single camera, we aim to achieve a more streamlined and efficient setup while 

still obtaining valuable data and insights regarding pressure distribution.  

 

3.8 Proposed Solution 

The automatic resuscitation system includes integrating the automatic 

CPR machine, emergency ventilator, ECG module, and FSR sensors into a 

single system powered by a reliable power supply. The power supply should be 

able to provide enough power to run all the components of the system without 

any interruptions or failures. Additionally, the power supply should be designed 

to include a backup power source to ensure uninterrupted operation in case of 

power outages or other unforeseen events. 

The system should be designed to include a microcontroller unit that will 

control the overall functioning of the system. The microcontroller should be 

programmed to receive inputs from the ECG module and the FSR sensors to 

monitor the patient's heart rate, breathing rate, and force applied during chest 

compressions. Based on these inputs, the microcontroller will send signals to 

the automatic CPR machine and emergency ventilator to adjust the compression 

rate, ventilation rate, and other parameters as needed. 

The automatic CPR machine will provide chest compressions at a 

constant rate, while the emergency ventilator will provide artificial respiration 

to the patient. The ECG module will measure the patient's heart rate and rhythm, 

providing critical information for diagnosis and treatment. The FSR sensors will 

measure the force exerted on the patient during CPR, providing valuable 

feedback on the effectiveness of chest compressions.The system will be 

powered by a 12V power supply, making it portable and convenient to use in 

emergency situations. 

To ensure reliability and accuracy, the system will be designed with 

high-quality components and undergo rigorous testing and validation. The 

automatic CPR machine and emergency ventilator will be designed with a 

compact and robust form factor to ensure ease of use and portability. The ECG This material is reserved for educational use only, not allowed for commercial use. 
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module and FSR sensors will be designed with a high level of sensitivity and 

accuracy to provide reliable measurements. 

Finally, the system should be designed to be portable and easy to 

transport. The system should also be designed to be easily disassembled and 

assembled, making it easy to transport to different locations. The proposed 

solution aims to provide a comprehensive and effective resuscitation system that 

can save lives in emergency situations. With its advanced features and ease of 

use, the system has the potential to revolutionize the field of emergency 

medicine and improve patient outcomes. 

3.9 Summary 
 

Chapter 3 delves into the installation, design, circuit diagram, and 

mobile app interface of the automatic cardiopulmonary resuscitation (CPR) 

machine. The chapter begins by providing an overview of the installation 

process, including the necessary considerations and requirements for setting up 

the system. It emphasizes the importance of proper installation to ensure optimal 

performance and functionality. 

Next, section 3.3 focuses on the design aspect of the automatic CPR 

machine. It explores the design principles, guidelines, and considerations taken 

into account during the development of the system. The chapter highlights the 

importance of ergonomic design, user-friendly interfaces, and integration of key 

features to enhance the usability and effectiveness of the CPR machine. 

Continuing further, section 3.4 focuses on the mobile app interface 

design. It discusses the design principles and considerations employed to create 

a user-friendly and intuitive interface for controlling and monitoring the 

automatic CPR machine. The chapter highlights the key features, 

functionalities, and visual elements of the mobile app interface, emphasizing its 

role in enhancing the user experience and facilitating efficient operation of the 

system. 

In section 3.5, the chapter introduces the circuit diagram, which serves 

as a blueprint for the electrical connections and components of the automatic 

CPR machine. It provides a comprehensive visual representation of the 
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circuitry, highlighting the interconnections, power supply, and control 

mechanisms involved. The circuit diagram serves as a vital reference for 

understanding the electrical infrastructure of the CPR machine. 

Section 3.6 explores the hardware assembly of the automatic CPR 

machine. It provides a detailed account of the step-by-step process involved in 

assembling the hardware components, ensuring proper alignment, secure 

connections, and reliable functionality. The chapter discusses any challenges 

encountered during the assembly process and provides insights into best 

practices for successful hardware integration. 

Section 3.7 introduces the Optical-Based Plantar Pressure Measurement 

System, a critical component of the automatic CPR device, designed to measure 

pressure during chest compressions. The system utilizes a USB camera and 

image processing techniques to capture and analyze pressure distribution. The 

image is processed using MATLAB, allowing for the calculation of pressure 

values.  

Overall, Chapter 3 encompasses the crucial aspects of installation, 

design, circuit diagram, mobile app interface, and hardware assembly of the 

automatic CPR machine. It provides a comprehensive understanding of the 

system's setup, design principles, electrical infrastructure, user interface, and 

physical assembly. This chapter sets the stage for the subsequent chapter, where 

the experimental results and performance evaluation of the automatic CPR 

machine will be presented.  
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CHAPTER 4 

EXPERIMENTAL RESULTS 
 

4.1 Introduction 
 

Chapter 4 presents the experimental results and performance evaluation of the 

automatic cardiopulmonary resuscitation (CPR) machine. This chapter focuses on 

providing a comprehensive analysis of the machine's real-world performance, including 

its ability to deliver effective compressions, monitor vital signs, and interact with the 

user through the mobile app interface. The pressure map results provide valuable 

insights into force distribution during CPR, while the ECG synchronized CPR device 

offers a novel approach to chest compressions, synchronized with the patient's ECG 

signal, potentially improving the effectiveness of resuscitation efforts. By evaluating 

the machine's performance, this chapter aims to validate its functionality and assess its 

effectiveness in performing automated CPR. 

 

4.2 Evaluation 
 
The automatic resuscitation system represents a significant advancement in the 

field of emergency medical care, aiming to improve the efficiency and effectiveness of 

cardiopulmonary resuscitation (CPR). This evaluation seeks to assess the system's 

performance, highlighting its strengths, limitations, and potential areas for 

improvement. 

 

4.2.1 Performance and Effectiveness: 

Proper Compression Position: The automatic resuscitation system 

demonstrated its ability to compress the chest at the proper position. This is 

crucial for effective CPR, as it ensures optimal blood circulation and increases 

the chances of successful resuscitation. 

Reduced Force on the Patient: By incorporating a rubber surface and 

optimizing the design, the system successfully mitigated the risk of rib fractures. 
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This is a significant improvement, as it enhances patient safety and minimizes 

potential complications during the resuscitation process. 

Controlled Compression Depth: The average depth of chest 

compressions, within the range of 4-5 cm, falls within an acceptable range. This 

indicates that the system can deliver consistent compression depth, which is 

vital for achieving adequate perfusion and restoring normal cardiac function. 

Mobile App Control Interface: The integration of a mobile app control 

interface, utilizing App Inventor, offers convenient and wireless control over 

the system. This enhances user accessibility and enables precise adjustments 

and monitoring during CPR procedures. 

 

4.2.2 Limitations and Areas for Improvement: 

Compression Rate Variability: During testing, the compression rate of 

the linear actuator motor exhibited variability, ranging from 60 to 75 

compressions per minute (CPM). This falls slightly below the desired range of 

80 to 120 CPM. To improve system performance, efforts should focus on 

achieving a more consistent compression rate within the recommended range. 

Compression Depth Consistency: While the average compression depth 

is acceptable, the system showed inconsistency in maintaining a steady 

compression depth. To enhance performance, further research and development 

are needed to ensure more consistent and reliable compression depths 

throughout the resuscitation process. 

Real-World Evaluation: Although the system demonstrated promising 

results in controlled experimental settings, it is crucial to conduct additional 

clinical trials and evaluations in real-world scenarios. This will provide valuable 

insights into the system's performance, usability, and safety when applied in 

actual emergency situations. 

Collaboration and Standardization: To ensure widespread adoption and 

integration of the automatic resuscitation system, collaboration with medical 

professionals and organizations is essential. Establishing guidelines and 

standards for its usage, along with regulatory compliance, will enhance its 
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credibility and facilitate seamless integration into existing emergency medical 

protocols. 

The automatic resuscitation system has shown promise in improving the 

efficiency and effectiveness of CPR procedures. Its ability to compress the chest 

at the proper position, reduce force on the patient, and provide controlled 

compression depths signifies its potential to enhance patient outcomes during 

resuscitation efforts. However, addressing the variability in compression rate 

and ensuring consistent compression depths remain important areas for further 

improvement. Conducting real-world evaluations, collaborating with medical 

professionals, and standardizing its usage are crucial steps toward realizing the 

system's full potential and ensuring its safe and effective deployment in 

emergency medical settings. Through continuous research, development, and 

collaboration, the automatic resuscitation system can play a vital role in 

advancing emergency medical care and improving patient survival rates. 

 

 
Figure 4.2: Hand position 

 
In order to improve the effectiveness and safety of the automatic 

cardiopulmonary resuscitation equipment, in Figure 4.2 the rubber surface of 

the device has been enlarged. This design modification aims to decrease the 

amount of force applied to the patient's chest during compressions, which in 

turn reduces the risk of rib fracture. The enlarged rubber surface also allows the 

device to compress at the correct compression position, which is critical for 

successful cardiopulmonary resuscitation. The device is designed to work in 

conjunction with an emergency ventilator and an ECG module to provide a 

comprehensive resuscitation solution. The ECG module monitors the patient's 

heart rhythm and provides real-time feedback to the rescuer, while the This material is reserved for educational use only, not allowed for commercial use. 
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emergency ventilator provides oxygen to the patient's lungs. All of these 

components are controlled via a mobile app, making it easy for rescuers to 

adjust settings and monitor the patient's condition during resuscitation efforts. 

In addition to the design modifications mentioned above, the automatic 

cardiopulmonary resuscitation equipment is also equipped with FSR sensors to 

measure the force applied to the patient's chest during compressions. The device 

has four FSR sensors located on the rubber surface, which measure the force at 

four different angles. This allows the device to provide accurate feedback on the 

amount of force being applied and adjust the compression depth accordingly. 

The device is powered by a reliable power supply, which ensures that it 

can be used for extended periods of time without interruption. The device is also 

designed with safety in mind and includes a circuit box to secure all 

microcontrollers and other electronic components. A linear rail is used to secure 

the top and bottom parts of the device, which prevents shaking and ensures 

stable and consistent compressions. 

Overall, the automatic resuscitation system consisting of the automatic 

CPR machine, emergency ventilator, ECG module, and FSR sensors is a 

comprehensive and effective solution for cardiopulmonary resuscitation. The 

use of a mobile app to control the system makes it user-friendly and easy to 

operate, while the various safety features and design modifications make it safe 

and effective for use in emergency situations. 
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Figure 4.2.1: Ultrasonic display on mobile phone 
 

Figure 4.2.1 illustrates the App Inventor interface displayed on a 

smartphone, showcasing the control options available for the automatic CPR 

device. The app enables users to operate the compression function of the device 

while providing real-time feedback through the display of ultrasonic values. Upon 

successful Bluetooth connection, the connect button dynamically changes to 

"Connect!" to indicate the established connection. Conversely, the disconnect 

button allows users to disconnect the Bluetooth connection when desired. 

The operating section of the app comprises five buttons, each serving a 

specific function. 

The "Extend" button enables users to extend the linear actuator to its 

maximum length, allowing for increased compression range during CPR 

procedures. 

The "Reset Position" button allows users to retract the linear actuator back 

to its minimum length, providing a starting point for subsequent compression 

cycles. 

Pressing the "Start Compress" button initiates the operation of the linear 

actuator, engaging it to compress the chest at the desired position determined by the This material is reserved for educational use only, not allowed for commercial use. 
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linear actuator. Pressing the button again stops the operation, providing control and 

flexibility during CPR procedures. 

The "Stop" button enables users to halt the linear actuator at the desired 

length, allowing for manual adjustments or specific positioning requirements based 

on individual patient needs. 

By incorporating these intuitive control options within the App Inventor 

interface, users can effectively operate and manipulate the automatic CPR device 

according to their preferences and the specific requirements of the resuscitation 

scenario. The user-friendly interface, coupled with real-time feedback through the 

display of ultrasonic values, enhances the overall usability and effectiveness of the 

automatic resuscitation system. 
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4.3 Compression result 

The utilization of ultrasonic technology plays a crucial role in determining the 

depth of chest compression in the automatic resuscitation system. By integrating an 

ultrasonic sensor into the device, accurate measurements of the compression depth can 

be obtained. The ultrasonic sensor emits high-frequency sound waves that travel 

through the chest and bounce back upon encountering a surface, which in this case is 

the chest cavity. 

The received sound waves are then analyzed by the system, allowing it to 

calculate the distance between the sensor and the chest. This distance is directly 

proportional to the depth of chest compression, providing valuable information for 

monitoring and ensuring the effectiveness of the resuscitation procedure. 

 
Figure 4.3: Ultrasonic position 

 
To present this data to the user, the mobile phone App Inventor interface 

displays the ultrasonic sensor installed at linear actuator to measure the distance and 

display value on the screen (Figure 4.3). This real-time feedback allows medical 

personnel or responders to monitor the depth of chest compression during CPR 

operations. By observing the displayed values, they can assess whether the compression 

depth is within the desired range and make necessary adjustments if needed. 

The integration of the ultrasonic value display within the App Inventor interface 

provides an accessible and user-friendly means of monitoring the effectiveness of chest This material is reserved for educational use only, not allowed for commercial use. 
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compressions. It allows healthcare professionals to ensure that the appropriate 

compression depth is achieved, as deviations from the recommended range can impact 

the efficiency of resuscitation efforts. Additionally, the displayed ultrasonic values 

serve as an objective measure of the compression depth, providing valuable data for 

analysis and evaluation during post-event reviews or research studies. 

The integration of ultrasonic technology and the display of ultrasonic values on 

the mobile phone App Inventor interface enhance the automatic resuscitation system's 

ability to deliver accurate and reliable chest compressions. This feature enables 

healthcare providers to make informed decisions, optimize the quality of CPR 

procedures, and potentially improve patient outcomes.   

 
Table 4.3: Ultrasonic data on serial monitor 

 
Table 4.3 provides a comprehensive overview of the ultrasonic data recorded 

and displayed on the Arduino serial monitor. The values obtained from the ultrasonic 

sensor range from 10 cm to 15 cm, indicating the distance between the sensor and the 

chest during the compression phase. 

Analyzing the data, it can be observed that the compression distance falls within 

a range of approximately 5 cm. However, it is important to note that these values may 

not precisely reflect the actual depth of compression on the patient's chest. 
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There are several factors that can contribute to potential inaccuracies in the 

measured depth. One factor is the position and placement of the ultrasonic sensor on 

the device. It is crucial to ensure that the sensor is correctly positioned and aligned with 

the chest to obtain the most accurate readings. Any misalignment or inconsistencies in 

the sensor's placement may result in variations in the measured values. 

Additionally, the presence of external factors such as clothing or other materials 

on the patient's chest can affect the accuracy of the ultrasonic measurements. These 

external elements can interfere with the sound waves emitted by the sensor, leading to 

potential deviations in the recorded data. 

It is important to interpret the ultrasonic data in the context of these limitations 

and consider them as an estimation rather than an absolute measurement of the 

compression depth. Healthcare professionals should exercise caution when relying 

solely on the displayed ultrasonic values and utilize additional clinical judgment and 

assessment to ensure proper chest compression depth during resuscitation efforts. 

Further research and development may be necessary to improve the accuracy 

and reliability of the ultrasonic measurements in the automatic resuscitation system. 

This could involve refining the sensor placement and calibration techniques, as well as 

exploring alternative or complementary technologies to validate and cross-reference the 

measured compression depth. By addressing these challenges, more precise and 

consistent measurements can be achieved, leading to enhanced patient care and 

improved outcomes during CPR procedures. 

 

The average depth of chest compression, as indicated by the results 

presented in Table 4.3, is approximately 4-5 cm. While this falls within an 

acceptable range, the measurements were not consistent and showed variations. 

This suggests that there is room for improvement in achieving a more steady 

compression depth. Factors such as the mechanical characteristics of the linear 

actuator motor, the device's positioning on the patient's chest, and external variables 

may contribute to the observed fluctuations. Further research and development 

efforts should be focused on refining the system's design, exploring alternative 

actuation mechanisms, and implementing feedback control mechanisms to ensure 

more precise and consistent compression depths. By addressing these challenges, This material is reserved for educational use only, not allowed for commercial use. 
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the automatic resuscitation system can enhance the effectiveness of CPR and 

improve patient outcomes. 

 

4.4 The compression rate 

The evaluation of the linear actuator motor's compression rate reveals some 

important findings. When the motor is set to operate at 80 compressions per minute 

(CPM), the observed compression rate ranged from 75 to 80 CPM. Similarly, when 

the motor was set to operate at 100 CPM, the compression rate varied between 90 

and 100 CPM. It is worth noting that the desired range for chest compression rate 

during cardiopulmonary resuscitation (CPR) is typically set between 80 and 120 

CPM. 

The observed compression rates fall within the acceptable range during both 

settings. However, there is a noticeable discrepancy between the desired 

compression rate and the actual compression rate achieved by the linear actuator 

motor. This discrepancy suggests that further improvements are necessary to ensure 

that the compression rate aligns more closely with the desired range. 

To achieve a more consistent and accurate compression rate, various factors 

need to be considered and addressed. These factors may include optimizing the 

motor control algorithms, improving the responsiveness and precision of the motor, 

and refining the mechanical components of the system. By fine-tuning these 

aspects, the automatic resuscitation system can achieve the desired compression 

rate range of 80 to 120 CPM, leading to more effective CPR procedures and 

potentially better patient outcomes. 

The evaluation of the linear actuator motor's compression rate reveals that 

although the observed rates during testing fall within an acceptable range, they do 

not consistently align with the desired compression rate range. Further 

improvements and refinements are necessary to ensure that the motor can 

consistently achieve the desired compression rate range during CPR procedures. 

 
 
 
 
 

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



97 
 

4.5 FSR result 
 
 

 
Figure 4.5: FSR results on serial monitor 

 

The evaluation of the FSR (force-sensitive resistor) results, as depicted in 

Figure 4.5 and analyzed on the Arduino serial plotter, provides insights into the 

compression force applied to the medical puppet. The results indicate a compression 

force of approximately 7 kg on the puppet. However, it is important to note that these 

results may not be entirely accurate due to various factors and variables that can 

influence the measurements. 

One potential factor that can impact the accuracy of the force measurement is 

the correct mounting and positioning of the force sensor. If the sensor is not properly 

mounted or if there are any inconsistencies in its placement, it can lead to inaccurate 

readings. Therefore, it is crucial to ensure precise and secure mounting of the force 

sensor to obtain reliable and accurate force measurements during chest compressions. 

Although the measured force on the medical puppet may appear relatively low, 

it is essential to consider the ultrasonic detection results, which indicate a change in 
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distance of approximately 5 cm. This information is crucial as it suggests that the 

compression depth is within an acceptable range. The combination of force and depth 

measurements provides a more comprehensive understanding of the compression 

process and ensures that the applied force is appropriate for effective chest 

compressions. 

To enhance the accuracy and reliability of the force measurements, it is 

recommended to validate and calibrate the FSR sensor periodically. This calibration 

process helps to minimize any inaccuracies caused by sensor drift or environmental 

factors, ensuring more precise and consistent force readings. 

The evaluation of the FSR results in Figure 4.5 highlight the compression force 

applied to the medical puppet during chest compressions. While the recorded force may 

be subject to potential inaccuracies due to factors such as sensor mounting, the 

corresponding ultrasonic detection confirms that the compression depth remains within 

an acceptable range. Calibrating and validating the force sensor periodically can help 

improve the accuracy of force measurements, ensuring more reliable data for evaluating 

the performance of the automatic resuscitation system. 

 

 
4.6 ECG result 
 

The ECG (Electrocardiogram) data captured by ECG modules provides 

valuable insights into the electrical activity of the heart and is a crucial component in 

assessing a patient's cardiac health. ECG signals represent the depolarization and 

repolarization of the heart muscles, allowing healthcare professionals to diagnose 

various heart conditions and abnormalities. 

In the recorded ECG data, three different heart rates are observed: 30 bpm (beats 

per minute), 60 bpm, and 120 bpm. Each heart rate reflects a specific physiological 

state and can provide important information about the patient's cardiovascular system. 
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4.6.1 ECG result 30 bpm 
 

 
Figure 4.6.1: ECG results on serial plotter (30 bpm) 

At a heart rate of 30 bpm shown in Figure 4.6.1, the ECG signal 

demonstrates a slow and bradycardic rhythm. Bradycardia can be caused by 

various factors such as certain medications, sinus node dysfunction, or 

underlying heart diseases. Monitoring and analyzing the ECG at this rate can 

aid in diagnosing the cause of the slow heart rate and guiding appropriate 

treatment options. 

 
Figure 4.6.1.2: ECG time delay on serial plotter (30 bpm) 

Within the context of Figure 4.6.1.2, the presented ECG signal 

demonstrates an observable time delay between successive R waves, offering 

insights into the cardiac activity at a heart rate of 30 beats per minute. Notably, This material is reserved for educational use only, not allowed for commercial use. 
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the analysis reveals that the interval between two consecutive R waves spans 

approximately 390 milliseconds. Such findings contribute to a deeper 

understanding of the temporal characteristics of the ECG waveform and its 

correspondence to the underlying physiological processes associated with this 

specific heart rate. 

 

4.6.2 ECG result 60 bpm 
 

 
Figure 4.6.2: ECG results on serial plotter (60 bpm) 

The ECG signal at 60 bpm (Figure 4.6.2) represents a normal sinus 

rhythm, which is considered the standard and healthy heart rate for adults at 

rest. This rhythm indicates that the heart is functioning properly, with each 

electrical impulse originating from the sinus node and spreading through the 

heart in a coordinated manner. A normal sinus rhythm is indicative of a well-

regulated cardiac system and is typically associated with optimal cardiac output. 

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



101 
 

 
Figure 4.6.2.2: ECG time delay on serial plotter (60 bpm) 

In Figure 4.6.2.2, the ECG signal provides valuable insights into the 

time delay between successive R waves at a heart rate of 60 beats per minute. 

The analysis of this result uncovers interesting observations, revealing that the 

intervals between three consecutive R waves are approximately 194 

milliseconds and 181 milliseconds. These findings shed light on the temporal 

dynamics of the ECG waveform, highlighting the variations in the timing of 

successive cardiac contractions at this specific heart rate. Such information 

contributes to our understanding of the electrical activity of the heart and its 

synchronization during the cardiac cycle. 

 

4.6.3 ECG result 120 bpm 

 
Figure 4.6.3: ECG results on serial plotter (120 bpm) 
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In contrast, a heart rate of 120 bpm shown in Figure 4.6.3 reflects a 

rapid and tachycardic rhythm. Tachycardia can occur due to factors such as 

stress, physical exertion, anxiety, or underlying heart conditions like atrial 

fibrillation. Analyzing the ECG signal at this rate can provide insights into the 

nature of tachycardia and help determine the appropriate course of treatment, 

such as medications or interventions to restore a normal heart rhythm. 

 
Figure 4.6.3.2: ECG time delay on serial plotter (120 bpm) 

Figure 4.6.3.2 presents the ECG signal analysis, specifically focusing 

on the time delay between consecutive R waves in the context of a heart rate of 

120 beats per minute. The examination of this result provides intriguing insights 

into the temporal dynamics of the ECG waveform at this elevated heart rate. 

Notably, the intervals between five successive R waves are approximately 99 

milliseconds, 90 milliseconds, 95 milliseconds, and 98 milliseconds, 

respectively. These findings highlight the rapidity and regularity of the cardiac 

contractions during this heightened heart rate, further enhancing our 

understanding of the electrical activity and synchronization of the heart during 

the cardiac cycle. 
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4.6.4 ECG result with noise 

 

 
Figure 4.6.4: ECG results on serial plotter with noise 

The ECG data collected from the ECG module provides valuable 

insights into the electrical activity of the heart. The ECG signal (Figure 4.6.4) 

represents the depolarization and repolarization of the cardiac muscle, allowing 

for the assessment of various cardiac parameters.  

The ECG signal captured by the ECG module in this particular case 

exhibits noise caused by the AC/DC adapter of a computer notebook. The 

presence of external interference can significantly affect the quality and 

accuracy of the ECG signal. AC/DC adapters, especially those connected to 

electronic devices, can introduce electrical noise and artifacts into the ECG 

recording due to electromagnetic interference. This interference can manifest as 

baseline wander, powerline interference, or high-frequency noise, which may 

distort the ECG waveform and make it challenging to interpret. The noise 

introduced by the AC/DC adapter can potentially obscure important details of 

the ECG signal, making it difficult to identify critical cardiac abnormalities or 

diagnose specific arrhythmias accurately. It is crucial to minimize such external 

interference and ensure a clean and reliable ECG recording by utilizing proper 

shielding techniques, adequate grounding, and utilizing ECG equipment that is This material is reserved for educational use only, not allowed for commercial use. 
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resistant to electromagnetic interference. By mitigating the impact of noise from 

external sources like AC/DC adapters, healthcare professionals can obtain 

clearer ECG signals, enhancing their ability to make accurate assessments and 

decisions regarding the patient's cardiac health. 

 

By examining the ECG signals at different heart rates, healthcare professionals 

can evaluate the electrical conduction system of the heart, identify arrhythmias, and 

assess the overall cardiac function. This information plays a vital role in diagnosing 

cardiac disorders, formulating treatment plans, and monitoring the response to 

interventions. 

The ECG data was obtained using an ECG module connected to an Arduino 

device. The module recorded the electrical signals generated by the heart and 

transmitted them to the Arduino for processing and analysis. The collected data 

consisted of a series of voltage measurements over time, representing the changes in 

the heart's electrical activity. 

The ECG waveform exhibited distinct features, including the P wave, QRS 

complex, and T wave. The P wave represented atrial depolarization, the QRS complex 

indicated ventricular depolarization, and the T wave marked ventricular repolarization. 

The duration and amplitude of these components were measured and analyzed 

to assess the heart's electrical functioning. The collected ECG data provides valuable 

information about the heart's rhythm, rate, and potential abnormalities. It can be further 

analyzed using signal processing techniques and compared to standard ECG patterns to 

identify irregularities or diagnose specific cardiac conditions. 

Overall, the ECG data obtained from ECG modules provides valuable insights 

into the electrical activity of the heart, allowing healthcare professionals to assess and 

manage various cardiac conditions effectively. By analyzing ECG signals at different 

heart rates, healthcare providers can better understand the patient's cardiac health and 

make informed decisions to promote optimal cardiovascular well-being. 
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4.7 Ultrasonic and ECG 
 
The ultrasonic value graph and ECG signal graph are both essential components of 

the automatic cardiopulmonary resuscitation system, and their relevance to each other 

is crucial for effective resuscitation procedures. 

The ultrasonic value graph represents the distance measured by the ultrasonic 

sensor, which provides valuable information about the proximity of the sensor to the 

patient's chest during CPR. This graph displays the changes in distance over time, 

reflecting the movement of the sensor in relation to the chest wall. It helps in ensuring 

proper positioning of the sensor and maintaining consistent contact for accurate 

measurements. 

On the other hand, the ECG signal graph represents the electrical activity of the 

heart. It displays the voltage variations over time, reflecting the depolarization and 

repolarization of cardiac muscles. The ECG signal graph is crucial for monitoring the 

patient's heart rhythm and detecting any abnormalities or irregularities that may require 

immediate attention. It provides vital information about the effectiveness of chest 

compressions and the overall cardiac function during CPR. 

 

4.7.1 Ultrasonic and ECG 30 bpm 

 
Figure 4.7.1: ECG results and ultrasonic distance at 30 bpm 
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The relevance between the ultrasonic value graph and the ECG signal at 30bpm 

graph (Figure 4.7.1) lies in their correlation during CPR procedures. The ultrasonic 

sensor's distance measurements are crucial for ensuring proper sensor placement 

and maintaining optimal compression depth. By analyzing the ultrasonic value 

graph in conjunction with the ECG signal graph, healthcare providers can evaluate 

the impact of chest compressions on the patient's cardiac activity. They can assess 

if the compressions are generating an adequate response in the ECG signal, 

indicating effective circulation and blood flow. 

The combination of these two graphs allows healthcare providers to make 

informed decisions and adjustments during CPR. They can correlate the 

compression depth and rate derived from the ultrasonic value graph with the 

changes in the ECG signal, enabling them to optimize chest compressions for the 

best possible outcome. This integration of information enhances the accuracy and 

effectiveness of resuscitation efforts, leading to improved patient care and 

potentially higher survival rates. 

 

4.7.2 Ultrasonic and ECG 60 bpm 

 
Figure 4.7.2: ECG results and ultrasonic distance at 60 bpm 

Figure 4.7.2 presents both the ultrasonic graph and the ECG signal at a rate of 

60 bpm, providing valuable insights into the synchronization process. The system 

operates by detecting the R wave of the ECG signal, Once the R wave is detected, This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



107 
 

the motor initiates the compression phase, aligning it with the ECG signal to ensure 

precise synchronization between the compressions and the cardiac rhythm. This 

synchronization mechanism plays a vital role in optimizing the effectiveness of 

cardiopulmonary resuscitation (CPR) by delivering compressions at the most 

opportune moments of the cardiac cycle. 

 
4.7.3 Ultrasonic and ECG 120 bpm 
 

 
Figure 4.7.3: ECG results and ultrasonic distance at 120 bpm 

 
In Figure 4.7.3, a comprehensive view of the ultrasonic graph and the ECG 

signal at a rate of 120 bpm is presented, offering valuable insights into the behavior 

of the system under this specific condition. The ultrasonic graph depicts the 

variation in distance between the sensor and the patient's chest over time, providing 

information on the depth and consistency of the compressions. Simultaneously, the 

ECG signal illustrates the electrical activity of the heart, including the occurrence 

of R waves. By analyzing the combined information from these two signals, the 

system can accurately determine the optimal timing for initiating compressions in 

synchronization with the patient's cardiac rhythm, enhancing the effectiveness of 

cardiopulmonary resuscitation (CPR) efforts. This level of synchronization is 

crucial in ensuring that compressions are delivered precisely when they are most 
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beneficial for maintaining blood flow and improving the chances of successful 

resuscitation. 

 

4.7.4 ECG Abnormalities 

 
Figure 4.7.4: ECG atrial fibrillation results on serial plotter with ultrasonic 

The ECG synchronized mode in the ECG synchronized automatic 

cardiopulmonary resuscitation device is specifically designed to be used when an R 

wave signal is present, indicating conditions such as atrial fibrillation. Initially, when a 

patient experiences cardiac arrest, the device is operated in auto mode. However, as 

soon as an R wave signal is detected in the ECG, the rescuer that operates the device 

should switch to the ECG synchronized mode. It is important to note that the ECG 

synchronized mode cannot be activated in the absence of an R wave signal, making it 

incompatible with ECG abnormalities like ventricular fibrillation. 

Figure 4.7.4 shown an Atrial fibrillation (AF) graph with ultrasonic result. It is 

a cardiac arrhythmia characterized by irregular and rapid electrical signals originating 

from the atria of the heart. The underlying cause of AF can be attributed to various 

factors, including structural heart disease, hypertension, heart valve disorders, thyroid 

dysfunction, and excessive alcohol consumption. These factors disrupt the normal 

electrical conduction system of the heart, leading to chaotic and disorganized atrial 
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contractions. As a result, the atria do not effectively pump blood into the ventricles, 

leading to an irregular and inefficient cardiac rhythm. 

In AF, the ECG pattern is characterized by the absence of distinct P waves and 

an irregularly irregular ventricular response. Instead of P waves, AF may display 

fibrillatory waves or fine oscillations, which represent the chaotic electrical activity 

within the atria. The irregular ventricular response occurs due to the irregular 

conduction of electrical impulses from the atria to the ventricles. This irregularity is 

evident in the varying R-R intervals on the ECG. The absence of a discernible pattern 

in the ECG waveform makes it challenging to determine individual atrial contractions 

and measure heart rate accurately. The ventricular response rate in AF may vary widely, 

ranging from normal to rapid rates, depending on factors such as the individual's overall 

health and any concomitant conditions. 

 
4.8 Pressure map result 
 

 
Figure 4.8: Optical-Based Pressure Measurement device 

By utilizing an Optical-Based Pressure Measurement device (Figure 4.8), we gain 

valuable insights into the distribution of pressure on the patient's body. Based on the 

comprehensive research conducted by Tanapon Keatsaman, Sarinporn 

Visitsattapongse, Hisayuki Aoyama, and Chuchart Pintavirooj from the Faculty of 

Engineering at King Mongkut Institute of Technology Ladkrabang, Thailand, as 
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Application in Human Postural Balance, Gait, and Recognition Analysis" [158], we 

now understand that when pressure is applied to the device's acrylic plate, it results in 

a change in light intensity hitting the glossy paper surface. Exploiting this variation, we 

can leverage MATLAB's image processing capabilities to analyze the acquired images. 

The provided code implements a series of image processing techniques to enhance 

the captured images. Morphological operations, average filtering, median filtering, and 

Gaussian filtering are employed to reduce noise and enhance the image quality. 

Additionally, thresholding and rescaling are applied to extract relevant information and 

bring the image within a desired intensity range. As a result, the processed image is 

displayed using a color scale, with higher pressure areas appearing more intense, often 

represented by shades of red. This visual representation provides valuable insights into 

the distribution and intensity of pressure applied to the patient's chest during 

resuscitation. 

Furthermore, in this study, various types of rubber materials are utilized to examine 

their impact on chest compression pressure. By analyzing the pressure distribution 

resulting from each type of rubber used, we can identify potential variations and assess 

their implications for effective resuscitation techniques. This investigation allows us to 

make informed decisions regarding the choice of rubber material, considering its 

suitability in achieving the desired compression pressure and minimizing potential risks 

or discomfort to the patient. 

Through the utilization of an Optical-Based Pressure Measurement system and the 

application of image processing techniques, we gain valuable insights into the pressure 

distribution on the patient's chest during resuscitation. The research serves as a valuable 

guideline for understanding the principles and methodologies underlying this 

measurement technique. By investigating different rubber materials, we can further 

enhance our understanding of the impact of various factors on the effectiveness and 

safety of chest compressions. These insights contribute to the continuous improvement 

and optimization of resuscitation procedures, ultimately enhancing patient outcomes in 

emergency medical situations. 

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



111 
 

 

 
Table 4.8: A set of known weights and the associated computed forces and 

pressures and Plot of average intensity and the pressure [158] 

 

The research conducted by Tanapon Keatsaman, Sarinporn Visitsattapongse, 

Hisayuki Aoyama, and Chuchart Pintavirooj, as presented in their study titled "Optical-

Based Plantar-Pressure Measurement with Application in Human Postural Balance, 

Gait, and Recognition Analysis" [161], provides valuable insights into the relationship 

between image intensity and pressure in the context of plantar-pressure measurement. 

Table 4.8 presents a comprehensive set of known weights and the corresponding 

computed forces and pressures. Through meticulous experimentation and data analysis, 

the researchers were able to establish a calibration methodology using these known 

weights. The table showcases the interplay between weight, force, and pressure, 

allowing for accurate measurements and interpretation of the acquired data. 

Furthermore, a plot of the average intensity and pressure provides a visual 

representation of the relationship observed in the research. By analyzing the graph, we 
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can discern a clear correlation between the intensity of the image pixel and the applied 

pressure. As the intensity increases, so does the force exerted on the measurement 

device. This finding underscores the reliability and validity of using image intensity as 

an indicator of pressure in plantar-pressure measurement. 

To calibrate their system, the researchers employed a range of weights, starting 

from 2.5 kg and progressing up to 10 kg. By using these known weights and carefully 

analyzing the resulting intensity and pressure data, they were able to establish a 

calibration model that accurately relates image intensity to applied pressure. This 

calibration process ensures accurate and precise measurements in subsequent plantar-

pressure analysis and allows for the evaluation of pressure distribution during various 

postural and gait activities. 

 

4.8.1 Pressure map measurement by 100 mm diameter rubber 
  

The image processing conducted in MATLAB provided valuable 

insights into the distribution of force during compression using a 100 mm 

diameter rubber (Figure 4.8.1). The choice of this rubber size allowed for a 

larger surface area, enabling a comprehensive visualization of the force 

distribution across the surface. The results obtained from this image processing 

analysis shed light on the magnitude and intensity of the applied force. 

In accordance with the research conducted by Tanapon Keatsaman, 

Sarinporn Visitsattapongse, Hisayuki Aoyama, and Chuchart Pintavirooj in 

their study on "Optical-Based Plantar-Pressure Measurement with Application 

in Human Postural Balance, Gait, and Recognition Analysis," a formula was 

derived to relate the intensity of the pixel (x) to the corresponding pressure (y). 

The formula utilized in their research is given as y = 2x - 185. By applying this 

formula to the image processing results, we can accurately determine the 

pressure exerted on specific areas of interest. 
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Figure 4.8.1: 100mm diameter rubber 

 
Figure 4.8.1.1: Pressure results from 100mm diameter rubber 

Upon analyzing the processed image (Figure 4.8.1.1) obtained through 

the compression analysis, it becomes apparent that the intensity variations in 

different regions directly reflect the magnitude of force applied. The areas 

displaying a deeper shade of red, indicating higher intensity levels, signify 

regions where greater force is being exerted. The maximum intensity value of 

255 corresponds to the highest level of force observed in the image. 
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Additionally, by calculating the average pressure exerted during this 

compression, it is determined to be approximately 156.7 kPa. This 

comprehensive examination and interpretation of force distribution provide 

valuable insights into the dynamics of the compression process, aiding in 

understanding the pressure distribution and its potential impact on the subject.

 
Figure 4.8.1.2: Pressure results from 100mm diameter rubber that  

tilted during compression 

During the testing phase, it was observed that the rubber used in the 

setup was not properly aligned, resulting in an image that displayed 

concentrated force on one side shown in Figure 4.8.1.2. This outcome 

highlights the effectiveness of the image processing method in detecting 

inaccuracies or errors in the rubber's positioning. By utilizing this method, it 

becomes possible to identify and rectify any false setup, ensuring the accurate 

distribution of force and improving the overall reliability of the system. 
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4.8.2 Pressure map measurement by 30 mm diameter rubber 
 

 
Figure 4.8.2: 30mm diameter rubber on linear actuator 

 

 

 
Figure 4.8.2.1: Pressure results from 30mm diameter rubber This material is reserved for educational use only, not allowed for commercial use. 
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The results obtained from the compression process using a 30mm diameter 

rubber, as illustrated in Figure 4.8.2.1, provide valuable insights. Upon closer 

examination, it is evident that the intensity of the image at a specific point is 

considerably higher compared to the results obtained using a 100mm diameter 

rubber. This disparity in intensity suggests a greater force application with the 

30mm diameter rubber. Furthermore, the average pressure exerted during this type 

of compression is estimated to be approximately 106.34 kPa. These findings shed 

light on the variations in pressure distribution and highlight the importance of 

considering the rubber diameter in determining the force exerted during the 

compression process. 

The observed difference in intensity between the two rubber sizes can be 

attributed to several factors. Firstly, the smaller diameter of the rubber in Figure 

4.8.2 generates a concentrated force over a smaller surface area, leading to a higher 

pressure being exerted at the point of contact. This localized pressure results in a 

more pronounced intensity reading at that particular spot. 

Additionally, the inherent properties of the 30mm diameter rubber, such as 

its elasticity and firmness, may contribute to the observed difference in intensity. 

The unique characteristics of the rubber material can affect the distribution of force 

and pressure during compression, causing variations in the intensity values captured 

by the optical-based plantar pressure measurement system. 

 

4.8.3 Pressure map measurement by linear actuator 
 

In Figure 4.8.3, the obtained result showcases a different approach in the 

compression process. Instead of using rubber materials, the linear actuator itself is 

utilized to directly apply pressure onto the device (Figure 4.8.3.1). Interestingly, 

this method yields a distinct pattern in intensity, with a high intensity concentration 

observed at a specific point compared to the results obtained using the 100mm 

diameter rubber and 30mm diameter rubber. 
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Figure 4.8.3: Pressure results from linear actuator 

Upon analyzing the results obtained from the linear actuator motor pressure, it 

is evident that there is a significant increase in pixel intensity at a specific point when 

compared to the results obtained using both the 100mm diameter rubber and the 30mm 

diameter rubber. This indicates a higher force exertion in that particular area. The 

average pressure recorded for this result is approximately 99.86 kPa. These findings 

underscore the importance of the linear actuator motor in generating a higher intensity 

of pressure, highlighting its potential for applications that require greater force output. This material is reserved for educational use only, not allowed for commercial use. 
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Figure 4.8.3.1: Head of linear actuator 

The concentration of intensity at a specific point in this result can be 

attributed to the direct and focused application of force by the linear actuator. 

Unlike rubber materials, which distribute force over a larger surface area, the linear 

actuator applies pressure more precisely and locally. As a result, the intensity 

reading obtained at that particular point is significantly higher than the surrounding 

areas. 

The equation p = f/area demonstrates that a wider area results in less 

pressure being exerted. This understanding leads us to conclude that our 100mm 

diameter rubber is superior as it reduces the force applied to the patient, thereby 

minimizing the risk of injury. By distributing the force over a larger surface area, 

the pressure is effectively reduced, making the 100mm diameter rubber a preferable 

choice in terms of patient safety during compression. 
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4.8.4 Pressure map measurement by hand 

 

 
Figure 4.8.4: Pressure results of hand 

Figure 4.8.4 presents a unique approach in the compression process, 

employing the use of a hand to apply pressure onto the device. The resulting image 

reveals distinct intensity patterns, with a high intensity observed at a specific point 

and a moderate intensity at another point. This suggests that the hand application 

method may result in localized variations in pressure distribution. The average 

pressure recorded for this particular result is approximately 98.95 kPa. These 

findings shed light on the unique dynamics and potential variations in pressure 
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exertion when using the hand as a compression tool, highlighting the need for 

further exploration and understanding of this approach in resuscitation scenarios. 

The concentration of high intensity at one specific point signifies the 

localized application of force by the hand. When the hand presses on the device, the 

pressure is concentrated at that particular area, resulting in a higher intensity 

reading. This can be attributed to the direct contact and focused force exerted by 

the hand, leading to a more intense pressure distribution in that specific region. 

On the other hand, the moderate intensity observed at another point indicates 

a relatively less concentrated pressure. This could be due to the nature of the hand's 

contact with the device, which may result in a more distributed force over a larger 

surface area. Consequently, the intensity reading at this point is not as high as the 

localized pressure application. 

The variation in intensity patterns observed in this result provides valuable 

insights into the effectiveness and characteristics of using the hand as a compression 

method in automatic CPR systems. By analyzing the intensity distribution, 

researchers and medical professionals can assess the efficiency and uniformity of 

pressure application using the hand technique. 

 
4.8.5 Pressure map measurement summary 
 

Based on the analysis of the pressure map results, the 100mm diameter 

rubber emerges as the most suitable option for CPR compression. This particular 

configuration demonstrates an effective distribution of force on the patient's chest, 

thereby minimizing the risk of rib fractures and other potential injuries during CPR 

procedures. The broader surface area of the 100mm diameter rubber ensures that 

the force is spread out, reducing the concentration of pressure on specific points and 

promoting a more uniform compression experience. 

In contrast, the compression results obtained using the linear actuator and 

the 10mm diameter rubber exhibit a higher intensity at one particular point. This 

concentrated force application can be concerning as it has the potential to cause rib 

fractures and other complications in patients undergoing CPR. The localized 

pressure exerted by these configurations may not be as ideal for ensuring the safety 

and well-being of the patient. This material is reserved for educational use only, not allowed for commercial use. 
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Another critical aspect to consider is the force being applied to the patient 

during compression. In all the pressure map results, the maximum pixel intensity is 

observed, indicating that the device is capable of generating compressive forces of 

approximately 325 kPa or higher. This corresponds to a force of around 10 kg or 

more, as estimated based on the research conducted by Keatsaman et al. [161]. It is 

important to note that these calculations and estimations may not be completely 

accurate, as they require meticulous calibration and validation to ensure the 

precision and reliability of the force measurements. 

The pressure map results emphasize the superiority of the 100mm diameter 

rubber configuration for CPR compression. Its ability to distribute force evenly 

across the chest reduces the risk of injuries, particularly rib fractures, which can 

occur during CPR procedures. On the other hand, the linear actuator and 10mm 

diameter rubber compression methods exhibit a more concentrated force 

application, potentially leading to undesirable consequences. Additionally, while 

the pressure map results indicate the presence of substantial force, it is crucial to 

conduct further calibration and validation to ensure accurate and reliable force 

measurements in future implementations of the system.  

 
4.9 Testing Summary 
 

The automatic cardiopulmonary resuscitation system was evaluated based on 

several parameters including ECG result, FSR (force sensor) result, compression rate, 

compression depth, and improvements in hardware and software. 

ECG Result: The ECG module (AD8232) was successfully integrated into the 

system. ECG waveforms were captured and analyzed to monitor the patient's cardiac 

activity. The ECG readings provided real-time information on the patient's heart rhythm 

and helped in assessing the effectiveness of the resuscitation process. The testing of the 

ECG synchronized CPR device yielded important insights and observations. The device 

underwent comprehensive evaluations to assess its performance and functionality. 

During the testing phase, the device successfully demonstrated its ability to synchronize 

compressions with the patient's ECG signal, ensuring precise and targeted chest 

compressions. The mobile phone control interface proved to be intuitive and user-
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friendly, allowing for easy adjustment of compression parameters. The device's 

reliability and responsiveness were assessed through various scenarios, simulating real-

life resuscitation situations. The testing results provided valuable data on the device's 

effectiveness in maintaining blood flow and delivering optimal CPR. Additionally, the 

device's safety features, such as automated stoppage in case of irregular ECG patterns, 

were thoroughly evaluated to ensure patient well-being.  

FSR Result: The force sensor (FSR) was implemented to measure the 

compression force applied during CPR. FSR readings were utilized to monitor the 

quality and consistency of chest compressions. The FSR data assisted in determining 

the appropriate compression depth and ensuring adequate pressure was applied for 

effective CPR. 

Compression Rate and Depth: The system successfully measured and 

maintained the desired compression rate, typically around 100-120 compressions per 

minute. The compression depth was monitored using the FSR data and maintained 

within the recommended range of 5-6 centimeters. These parameters were continuously 

monitored and adjusted to ensure the effectiveness of CPR and improve patient 

outcomes. 

Hardware Improvements: Stabilization: The hardware components were 

enhanced to provide better stability during CPR procedures, minimizing unwanted 

movement and ensuring accurate measurements. Wiring: The wiring connections were 

improved to enhance reliability and reduce the risk of loose connections or signal 

interference. 

Software Improvements: The software was updated to integrate the ECG 

module and process the ECG waveforms effectively. Real-time monitoring and analysis 

of ECG data were implemented to provide immediate feedback on the patient's cardiac 

activity and response to CPR. The compression rate and depth were controlled and 

adjusted based on the input from the force sensor, optimizing the quality of chest 

compressions. 

In the testing phase, the pressure map results provided valuable insights into the 

distribution of forces exerted on the patient during CPR simulations. By analyzing the 

pressure maps obtained from different configurations, such as using different rubber 

sizes and the linear actuator, we were able to assess the effectiveness of each setup in This material is reserved for educational use only, not allowed for commercial use. 
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terms of force distribution and potential risks of injury. The 100mm diameter rubber 

proved to be the most favorable option, as it distributed the force more evenly, 

minimizing the risk of rib fractures and other injuries. However, further calibration and 

refinement of the system is required to ensure accurate and reliable measurements. The 

pressure map testing demonstrated the importance of considering force distribution and 

its impact on patient safety during CPR procedures. 

Overall, the automatic cardiopulmonary resuscitation system showed promising 

results in terms of accurately measuring ECG data, monitoring compression quality 

using the force sensor, and maintaining the recommended compression rate and depth. 

The hardware improvements in stabilization and wiring, along with software 

enhancements, have contributed to the overall reliability and effectiveness of the system 

in providing automated CPR. This is reviewed in the next part, and the degree to which 

it supports the thesis is explored in the following section. 

 

4.10 Testing and Evaluation Summary 
 

Chapter 4 presents a comprehensive summary of the experimental results and 

performance evaluation of the automatic cardiopulmonary resuscitation (CPR) 

machine. The chapter aims to assess the functionality, accuracy, and effectiveness of 

the machine in delivering reliable CPR assistance. 

The experiments conducted involved various aspects of the automatic CPR 

machine's performance. Firstly, the compression component of the machine was 

evaluated for its ability to deliver consistent and appropriate compression depth. The 

results showed that the machine consistently achieved the desired compression depth, 

providing optimal pressure to the patient's chest for effective CPR. 

Furthermore, the automatic CPR machine incorporated an electrocardiogram 

(ECG) module and force sensing resistor (FSR) sensors to monitor the patient's vital 

signs. The ECG module provided real-time data on the patient's cardiac activity, 

enabling the machine to detect any irregularities or abnormalities in the heart rhythm. 

The FSR sensors measured the force applied during chest compressions, ensuring 

optimal pressure and avoiding excessive or inadequate force. 
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The experimental results confirmed the system's ability to accurately capture 

and analyze ECG signals, providing valuable insights into the patient's cardiac status. 

Moreover, the FSR sensors effectively monitored the force exerted during chest 

compressions, helping maintain consistent compression depth and minimizing the risk 

of injuries to the patient. The ECG synchronized CPR device focused on assessing its 

performance, functionality, and reliability. Through comprehensive testing scenarios 

and simulations, the device successfully demonstrated its ability to synchronize chest 

compressions with the patient's ECG signal. 

Additionally, the chapter showcases the integration of the automatic CPR 

machine with a user-friendly mobile app interface. The app interface allowed for easy 

control and monitoring of the machine's functions, providing real-time feedback on 

compression depth, rate, and vital signs. User interactions and feedback were collected 

and analyzed to further enhance the usability and functionality of the machine. 

The pressure map results suggest that using a 100mm diameter rubber for CPR 

compression provides a more evenly distributed force on the patient's chest, reducing 

the risk of rib fractures and other injuries. In contrast, the linear actuator and 10mm 

diameter rubber configurations exhibit a more concentrated force application, 

potentially posing a higher risk of harm. It is important to note that further calibration 

and validation are necessary to ensure accurate force measurements in future 

implementations of the system. 
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CHAPTER 5 

CONCLUSION AND FUTURE WORK 
 

5.1 Introduction 
 

Chapter 5 serves as the conclusion of the study on the automatic 

cardiopulmonary resuscitation (CPR) system. It provides a summary of the work that 

has been completed, evaluates the key findings and contributions, and outlines potential 

directions for future improvements and advancements. This chapter aims to draw 

meaningful conclusions from the study's outcomes and offer insights into the potential 

avenues for further development and research in the field of automated CPR systems. 

 

5.2 Summary 
 

Chapter 1: Introduction 

In Chapter 1, the concept of cardiopulmonary resuscitation (CPR) is 

introduced, highlighting its critical role in saving lives during cardiac emergencies. 

The need for automation in the CPR process is discussed, emphasizing the potential 

benefits of an automated CPR system. The chapter outlines the objectives of the 

project, which include improving the accuracy and effectiveness of chest 

compressions, integrating real-time monitoring capabilities, and enhancing the 

overall stability and functionality of the system. 

 

Chapter 2: Overview of Automated CPR 

Chapter 2 provides a comprehensive review of automated cardiopulmonary 

resuscitation. It delves into the history of CPR, highlighting its evolution and the 

advancements made in resuscitation techniques over the years. The chapter explains 

the distinction between cardiac arrest and cardiac attack, emphasizing the 

importance of timely CPR intervention. Various methods and techniques of 

performing CPR are discussed, shedding light on the standard guidelines and 

procedures followed in CPR administration. Existing automated CPR devices are 

reviewed, considering their features, benefits, and limitations. The effectiveness of 
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automatic CPR systems is also examined, drawing upon relevant research and 

studies. Additionally, the materials used in constructing the automatic CPR system 

are outlined, focusing on their suitability for medical applications. 

 

Chapter 3: System Installation and Design 

Chapter 3 details the installation process and design considerations of the 

automatic CPR system. It provides a comprehensive circuit diagram, illustrating the 

electronic components and their interconnections within the system. The chapter 

also discusses the design aspects of the mobile app interface, which serves as a 

control panel for the automatic CPR system. Special attention is given to the distinct 

functions of the compression component and the height control mechanism. The 

hardware assembly process is explained, highlighting the importance of stability 

and proper wiring. Furthermore, the design of the mobile application interface is 

described, focusing on its user-friendly features and functionality. 

 

Chapter 4: Experimental Results 

Chapter 4 presents the experimental results obtained from the automatic 

CPR system. It showcases the real working hardware machine and the 

corresponding mobile app interface. The chapter highlights the measurements of 

compression depth and compression rate, providing an evaluation of the system's 

performance in delivering consistent and accurate chest compressions. The pressure 

map provides visual representation of force distribution during CPR simulations. 

The results from the ECG module, pressure measurement device and FSR sensors 

are also presented, offering insights into the patient's cardiac activity and the force 

applied during chest compressions. These results provide a comprehensive 

assessment of the automatic CPR system's effectiveness and reliability.  

 

Chapter 5: Conclusion and Future Work 

Chapter 5 offers a conclusive summary of the work that has been completed. 

It reflects on the achievements and contributions of the automatic resuscitation 

system, emphasizing the improvements in accuracy, effectiveness, and real-time 

monitoring capabilities. The chapter provides judgments on the most significant This material is reserved for educational use only, not allowed for commercial use. 
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aspects of the project, highlighting the successful integration of hardware and 

software components. Future work is discussed, with a focus on enhancing the 

software component of the automatic CPR system and exploring the potential 

incorporation of additional devices or gadgets to further improve resuscitation 

outcomes. The chapter concludes by reaffirming the importance of automated CPR 

systems in emergency medical care and their potential to save lives. 

 

5.3 Conclusions 
 

The automatic resuscitation system has achieved several significant 

advancements in the field of emergency medical care. Firstly, it has greatly 

improved the accuracy and effectiveness of chest compressions during 

cardiopulmonary resuscitation (CPR). By incorporating force sensing 

technology, the system ensures consistent compression depth and rate, 

optimizing the delivery of chest compressions and increasing the chances of 

successful resuscitation. 

Furthermore, the integration of ECG monitoring capabilities provides 

real-time assessment of the patient's cardiac activity. This allows healthcare 

providers to quickly identify any irregularities or abnormalities in the heart 

rhythm and make informed decisions regarding treatment and intervention. 

The system's inclusion of an ultrasonic sensor enhances the accuracy of 

chest compression measurements. By precisely measuring the distance between 

the sensor and the patient's chest, it ensures proper sensor placement and 

optimal contact, resulting in more reliable and consistent data for analysis. 

Another notable achievement is the visualization of the ultrasonic value 

graph and ECG signal graph. These visual representations offer a 

comprehensive overview of the resuscitation process, allowing healthcare 

providers to assess the effectiveness of their interventions and make adjustments 

as necessary. The development and testing of the ECG synchronized CPR 

device have shown promising results. The device successfully synchronized 

chest compressions with the patient's ECG signal, providing an innovative 

approach to CPR procedures. The integration of mobile phone control and ECG 
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synchronization offers potential benefits in terms of ease of use and real-time 

monitoring. However, further refinement and validation are necessary to ensure 

the device's efficacy, safety, and usability in real-world scenarios. With 

continued research and development, the ECG synchronized CPR device holds 

the potential to enhance the effectiveness of CPR and improve patient outcomes 

in cardiac emergencies. 

The hardware improvements in terms of stability and wiring have also 

contributed to the system's achievements. By minimizing signal interference 

and improving the reliability of connections, the system operates more 

consistently and efficiently, ensuring uninterrupted monitoring and data 

collection. 

The automatic cardiopulmonary resuscitation system is a significant 

advancement in the field of emergency medical care. By integrating various 

components such as ECG monitoring, force sensing, and ultrasonic distance 

measurement, this system offers a comprehensive and automated approach to 

resuscitation procedures. It provides real-time feedback and data analysis, 

allowing healthcare providers to make informed decisions and optimize the 

effectiveness of chest compressions. 

The ECG monitoring feature enables continuous assessment of the patient's 

cardiac activity, ensuring prompt detection of any irregularities or 

abnormalities. This information is crucial for guiding the resuscitation process 

and adjusting compression techniques as needed. The force sensing capabilities 

of the system help maintain consistent compression depth and rate, which are 

vital factors in achieving successful resuscitation outcomes. 

The comprehensive analysis of the pressure map provides valuable insights 

into the efficacy of various compression techniques and materials utilized in 

CPR, enabling informed decision-making to optimize strategies that ensure 

minimal risks of injuries and maximize the potential for successful patient 

outcomes. By evaluating the distribution of pressure and force exerted on the 

patient's chest, healthcare professionals can make informed choices regarding 

the selection of suitable materials and techniques to apply the necessary pressure 

while minimizing the likelihood of complications, such as rib fractures. These This material is reserved for educational use only, not allowed for commercial use. 
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findings contribute to enhancing the safety and effectiveness of CPR 

procedures, ultimately improving patient care in emergency medical situations. 

Additionally, the integration of an ultrasonic sensor enhances the accuracy 

of chest compression measurements and ensures proper sensor placement. This 

facilitates optimal contact with the patient's chest, resulting in more reliable and 

consistent data for analysis. The visual representation of the ultrasonic value 

graph and ECG signal graph allows for a comprehensive assessment of the 

resuscitation process and helps healthcare providers make timely and informed 

decisions. 

Improvements in hardware stability and wiring further enhance the system's 

reliability and user-friendliness. These enhancements reduce the risk of signal 

interference or disconnection, providing a more seamless and efficient 

resuscitation experience. 

Overall, the automatic resuscitation system represents a significant step 

forward in improving patient care during cardiac emergencies. It combines 

advanced technology, real-time data analysis, and user-friendly design to 

support healthcare providers in delivering effective and timely cardiopulmonary 

resuscitation. By integrating multiple components and optimizing their 

interaction, this system has the potential to increase the chances of successful 

resuscitation and ultimately save more lives. 

 

5.4 Future work 
 

Future work for the automatic resuscitation system involves several areas of 

improvement and expansion to enhance its functionality and effectiveness. The 

following aspects can be considered for further development: 

Software Enhancements: The software component of the automatic 

resuscitation system can be further improved. This includes refining the algorithms 

for compression depth and rate control, optimizing feedback mechanisms, and 

incorporating advanced data analysis techniques. Additionally, the software can be 

expanded to include real-time data visualization, trend analysis, and performance 

metrics for comprehensive monitoring and analysis of CPR effectiveness. 
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Integration of Advanced Sensors: Additional sensors can be integrated into the 

system to capture more comprehensive physiological data. For example, 

incorporating sensors to measure oxygen saturation, respiratory rate, or end-tidal 

carbon dioxide levels can provide valuable information about the patient's 

respiratory status and help guide resuscitation efforts. 

Intelligent Feedback Mechanisms: Implementing intelligent feedback 

mechanisms can enhance the system's ability to adapt to varying patient conditions. 

For instance, integrating machine learning algorithms can enable the system to 

adjust compression parameters based on real-time patient feedback, improving the 

responsiveness and effectiveness of chest compressions. 

Automated Defibrillation: Integrating automated external defibrillator (AED) 

functionality into the system can further enhance its capabilities. This would allow 

for automated analysis of the patient's heart rhythm and the delivery of timely 

defibrillation shocks if necessary. 

Remote Monitoring and Communication: Developing remote monitoring 

capabilities and wireless communication features would enable healthcare 

professionals to remotely assess and monitor CPR performance in real-time. This 

would facilitate immediate intervention and guidance, particularly in scenarios 

where medical expertise may not be readily available on-site. 

Clinical Trials and Validation: Conducting rigorous clinical trials and validation 

studies is essential to assess the system's performance and establish its efficacy and 

safety in real-world resuscitation scenarios. Collaboration with medical 

professionals and regulatory bodies can help ensure compliance with standards and 

regulations. 

User Interface and Ergonomics: Continual improvement in the user interface 

and system ergonomics is crucial for user-friendly operation and seamless 

integration into clinical workflows. User feedback and usability studies can guide 

the refinement of the system's design and interaction aspects. 

Cost Optimization and Scalability: Exploring ways to optimize the cost of the 

system without compromising its functionality and reliability is important for wider 

adoption. This includes considering the use of cost-effective materials, streamlining 
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manufacturing processes, and exploring opportunities for scalability and mass 

production. 

By addressing these future work areas, the automatic resuscitation system can 

evolve into a more sophisticated and comprehensive tool for improving cardiac 

arrest outcomes, ultimately saving more lives in emergency situations.  
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APPENDIX A 

ARDUINO CODE FOR LINEAR ACTUATOR MOTOR 

BLUETOOTH AND ULTRASONIC SENSOR 
 

#include <UltrasonicSensor.h> 

 

UltrasonicSensor ultrasonic(9, 8); 

 

const int pinPWM = 11;  // PWM pin for motor speed control 

const int pinDIR = 12;  // Direction pin for motor rotation control 

 

void setup() { 

  Serial.begin(9600); 

  pinMode(pinPWM, OUTPUT); 

  pinMode(pinDIR, OUTPUT); 

 

  int temperature = 22; 

  ultrasonic.setTemperature(temperature); 

} 

 

void loop() { 

       

  while (true) { 

    if (Serial.available() > 0) { 

 

    int distance = ultrasonic.distanceInCentimeters(); 

    if(distance<0){ 

        distance=0; 

      } 

      Serial.print(distance); 

      Serial.print(" cm"); 

      Serial.print("\n");  
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      char incomingValue = Serial.read(); 

      if (incomingValue == '1') { 

        extend(); 

      } 

      else if (incomingValue == '2') { 

        compress(); 

        extend(); 

      } 

      else if (incomingValue == '3') { 

        retract(); 

      } 

      else if (incomingValue == '4') { 

        compress2(); 

        extend(); 

      } 

      else if (incomingValue == '0') { 

        stopMotor(); 

        break;  // Break out of the loop when incoming value is 0 

      } 

    } 

  } 

} 

 

 

void extend() { 

  digitalWrite(pinDIR, HIGH); 

  analogWrite(pinPWM, 255); 

} 

 

void compress() { 
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    if (Serial.available() > 0 && Serial.read() == '2') { 

      break; // Break out of the loop when incoming value is 2 

    } 

    digitalWrite(pinDIR, HIGH); // Set direction for compression 

    analogWrite(pinPWM, 255);   // Apply maximum pressure for compression 

    delay(300);                  // Maintain compression for 0.5 seconds 

    digitalWrite(pinDIR, LOW); 

    analogWrite(pinPWM, 255);   // Stop the motor 

    delay(300);                  // Relaxation period after compression 

  } 

} 

 

 

 

void compress2() { 

  while (true) { 

    if (Serial.available() > 0 && Serial.read() == '4') { 

      break; // Break out of the loop when incoming value is 2 

    } 

    digitalWrite(pinDIR, HIGH); // Set direction for compression 

    analogWrite(pinPWM, 255);   // Apply maximum pressure for compression 

    delay(400);                  // Maintain compression for 0.5 seconds 

    digitalWrite(pinDIR, LOW); 

    analogWrite(pinPWM, 255);   // Stop the motor 

    delay(400);                  // Relaxation period after compression 

  } 

} 

 

void retract() { 

  digitalWrite(pinDIR, LOW); 

  analogWrite(pinPWM, 255); 
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void stopMotor() { 

  digitalWrite(pinDIR, LOW); 

  analogWrite(pinPWM, 0); 

} 
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APPENDIX B 

ARDUINO CODE FOR LINEAR ACTUATOR MOTOR BUTTON 

FOR ESP32 
byte mspeed=0; 

int RPWM = 13; 

int LPWM = 12; 

 

void setup() { 

  // put your setup code here, to run once: 

  Serial.begin(9600); 

  pinMode(27, INPUT_PULLUP); 

  pinMode(26, INPUT_PULLUP); 

 

  ledcSetup(0, 5000, 8); 

  ledcAttachPin(RPWM, 0); 

  ledcSetup(1, 5000, 8); 

  ledcAttachPin(LPWM, 1); 

} 

 

void loop() { 

  // put your main code here, to run repeatedly: 

  if (digitalRead(27) == LOW & digitalRead(26) == HIGH) { 

    mspeed = 255; 

    ledcWrite(0, 0); 

    ledcWrite(1, mspeed); 

    Serial.println("Extend"); 

  } 

  else if (digitalRead(27) == HIGH & digitalRead(26) == LOW) { 

    mspeed = 255; 

    ledcWrite(0, mspeed); 

    ledcWrite(1, 0); 
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    Serial.println("Retract"); 

  } 

  else { 

    ledcWrite(0, 0); 

    ledcWrite(1, 0); 

    Serial.println("Stop"); 

  } 

} 
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APPENDIX C 

ARDUINO CODE FOR 4 FSR SENSOR  
int FSR1; 

int FSR2; 

int FSR3; 

int FSR4; 

 

void setup() { 

  Serial.begin(9600); 

} 

 

void loop() { 

  // Read FSR1 

  FSR1 = analogRead(A0); 

  FSR1 = 1023 - FSR1; 

  float voltage1 = FSR1 * (5.0 / 1023.0); 

  float resistance1 = (5.0 - voltage1) / voltage1 * 10000.0; 

  float force1 = 1.0 / (0.00001546 * resistance1 - 0.00023764); 

 

  // Read FSR2 

  FSR2 = analogRead(A1); 

  FSR2 = 1023 - FSR2; 

  float voltage2 = FSR2 * (5.0 / 1023.0); 

  float resistance2 = (5.0 - voltage2) / voltage2 * 10000.0; 

  float force2 = 1.0 / (0.00001546 * resistance2 - 0.00023764); 

 

  // Read FSR3 

  FSR3 = analogRead(A2); 

  FSR3 = 1023 - FSR3; 

  float voltage3 = FSR3 * (5.0 / 1023.0); 

  float resistance3 = (5.0 - voltage3) / voltage3 * 10000.0; 
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  float force3 = 1.0 / (0.00001546 * resistance3 - 0.00023764); 

 

  // Read FSR4 

  FSR4 = analogRead(A3); 

  FSR4 = 1023 - FSR4; 

  float voltage4 = FSR4 * (5.0 / 1023.0); 

  float resistance4 = (5.0 - voltage4) / voltage4 * 10000.0; 

  float force4 = 1.0 / (0.00001546 * resistance4 - 0.00023764); 

 

  // Print the forces for all four FSRs 

  Serial.print("Force 1 = "); 

  Serial.print(force1); 

  Serial.println("kg"); 

  Serial.print("Force 2 = "); 

  Serial.print(force2); 

  Serial.println("kg"); 

  Serial.print("Force 3 = "); 

  Serial.print(force3); 

  Serial.println("kg"); 

  Serial.print("Force 4 = "); 

  Serial.print(force4); 

  Serial.println("kg \n"); 

 

  delay(1000); 

} 
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APPENDIX D 

IMAGE PROCESSING MATLAB CODE FOR PRESSURE MAP 
clear 

clf 

f = imread('pressure map 5.jpg'); 

image1 = rgb2ycbcr(f); 

figure(1),imshow(image1(:,:,1)); 

right = image1(:,:,1); 

 

%Morphological 

se = strel('square',4); 

for i=1:15 

    right = imclose(right,se); 

end 

%Average filter 

windowSize = 9; 

kernel = ones(windowSize, windowSize) / windowSize ^ 2; 

right = imfilter(right, kernel, 'symmetric'); 

for i=1:8 

%Median filter 

right = medfilt2(right); 

%Gussian filter 

right = imgaussfilt(right,5); 

end 

 

for i=1:size(right,1) 

    for j=1:size(right,2) 

        if right(i,j)<110 

            right(i,j)=110; 

        end 

    end 
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end 

right=rescale(right,0,255); 

right=uint8(right); 

 

figure(2), imshow(right) 

colormap(jet) 

figure(2), impixelinfo 

colorbar 
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APPENDIX E 

ARDUINO CODE FOR ECG SENSOR 
const int analogInputPin = A0; 

const int LOPlusPin = 7; 

const int LOMinusPin = 6; 

 

const int signalRange = 1023; // Maximum value of the analog input 

 

const int numReadings = 10; // Number of readings for averaging 

int readings[numReadings]; // Array to store the readings 

int index = 0; // Index of the current reading 

int total = 0; // Total sum of the readings 

 

void setup() { 

  // Initialize the serial communication 

  Serial.begin(9600); 

 

  // Set the pin modes for leads off detection 

  pinMode(LOPlusPin, INPUT); 

  pinMode(LOMinusPin, INPUT); 

} 

 

void loop() { 

  // Read the ECG signal 

  int ecgValue = analogRead(analogInputPin); 

 

  // Filter noise with moving average 

  total = total - readings[index]; 

  readings[index] = ecgValue; 

  total = total + readings[index]; 

  index = (index + 1) % numReadings; 
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  int averageValue = total / numReadings; 

 

  // Invert the signal 

  int invertedValue = signalRange - averageValue; 

 

  // Check for leads off detection 

  bool leadsOff = digitalRead(LOPlusPin) || digitalRead(LOMinusPin); 

 

  // Print the ECG value or '!' if leads off 

  if (leadsOff) { 

    Serial.println('!'); 

  } else { 

    Serial.println(invertedValue); 

  } 

 

  // Wait for a short delay 

  delay(1); 

} 
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