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Abstract: Cardiopulmonary resuscitation (CPR) is a critical
emergency procedure for maintaining breathing and blood
circulation in individuals experiencing cardiac arrest or
respiratory crises. This paper presents the design and
implementation of a low-cost automated CPR machine utilizing
Arduino Uno microcontroller technology. The system aims to
provide efficient and timely CPR interventions, particularly
focusing on ease of use, affordability, and versatility for different
age groups, including neonates and adults.
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1. Introduction

Cardiac arrest stands as one of the most urgent and life-
threatening medical emergencies globally, contributing
significantly to mortality rates across various age groups and
demographics. The critical nature of cardiac arrest necessitates
immediate and effective interventions to sustain vital functions
and increase the chances of survival. In this context,
cardiopulmonary resuscitation (CPR) emerges as a fundamental
procedure, acting as the first line of defense in restoring
breathing and circulation in individuals experiencing cardiac
arrest or related respiratory crises.

Traditional manual CPR techniques, while effective when
performed correctly, rely heavily on the expertise of trained
healthcare professionals. These professionals, often found in
hospital settings or emergency response teams, undergo
rigorous training to ensure they can administer CPR accurately
and efficiently. However, the manual nature of CPR can pose
challenges, particularly in situations where prolonged
resuscitation efforts are required.

One of the primary challenges of manual CPR is its physical
demand on practitioners. Performing continuous chest
compressions and providing rescue breaths can be exhausting,
especially during extended resuscitation attempts. This physical
strain may lead to fatigue, affecting the quality and consistency
of CPR delivery, which is crucial for optimal patient outcomes.

Moreover, the manual nature of CPR introduces variability
in compression depth, rate, and ventilation, depending on the
practitioner's experience and fatigue levels. Consistency in CPR
performance is critical for maintaining adequate blood flow and
oxygenation to vital organs, such as the brain and heart, during
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cardiac arrest. Any deviations from recommended CPR
guidelines can impact patient survival rates and long-term
neurological outcomes.

In response to these challenges, automated CPR machines
have emerged as a promising solution to enhance the
effectiveness and reliability of CPR interventions. These
machines, equipped with advanced technologies such as
microcontrollers, sensors, and mechanical components, are
designed to deliver consistent and controlled chest
compressions and ventilation.

Automated CPR machines operate based on predefined
algorithms and parameters, ensuring uniformity in compression
depth, rate, and ventilation volume. By eliminating the
variability associated with manual CPR, automated machines
optimize the delivery of life-saving interventions, especially in
critical conditions where every second counts.

Furthermore, automated CPR machines reduce the physical
burden on healthcare professionals, allowing them to focus on
other critical aspects of patient care during resuscitation efforts.
This aspect is particularly valuable in scenarios requiring
prolonged CPR or when multiple patients require simultaneous
interventions. The consistent and controlled nature of
automated CPR not only improves the chances of successful
resuscitation but also contributes to better post-resuscitation
outcomes. Adequate and continuous blood circulation and
oxygenation during CPR are vital in preventing further organ
damage and increasing the likelihood of neurologically intact
survival.

In summary, the introduction of automated CPR machines
represents a significant advancement in emergency medical
care, addressing key challenges associated with manual CPR
techniques. By providing consistent, controlled, and fatigue-
free interventions, these machines play a crucial role in
improving patient outcomes and enhancing the overall efficacy
of cardiac arrest interventions.

2. Literature Review

Automated CPR machines have garnered considerable
attention in the realm of emergency medical care due to their
potential to revolutionize resuscitation outcomes. A plethora of
studies and research endeavours have delved into the intricate
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details of these machines, highlighting their significance and
impact on improving patient survival rates during cardiac arrest
and related emergencies.

One of the key aspects emphasized in previous studies is the
role of advanced technologies within automated CPR machines.
Microcontrollers, for instance, serve as the brains behind these
systems, orchestrating a symphony of actions that include
precise chest compressions, ventilation cycles, and real-time
feedback mechanisms. The integration of microcontrollers
enables automated CPR machines to operate with unparalleled
accuracy and consistency, mitigating the risks associated with
human error and variability in manual CPR techniques.

Motor controllers represent another crucial component
within automated CPR machines. These controllers are
responsible for driving the servo motors that execute chest
compressions according to predefined algorithms and
guidelines. By leveraging motor controllers, automated CPR
machines can achieve optimal compression depths, rates, and
recoil phases, mimicking the physiological requirements for
effective CPR delivery.

Feedback mechanisms play a pivotal role in enhancing CPR
performance and wuser interaction. These mechanisms
encompass sensors and monitoring devices that provide real-
time feedback on compression depth, rate, and quality. Such
feedback loops enable automated CPR machines to adjust their
actions dynamically, ensuring that the resuscitation efforts align
with established protocols and guidelines. Furthermore,
feedback mechanisms empower healthcare providers with
actionable insights during resuscitation, facilitating informed
decision-making and interventions.

The exploration of various designs and configurations has
also been a focal point in advancing automated CPR
technology. Studies have examined the ergonomics, portability,
and adaptability of these machines to diverse clinical settings,
including hospitals, ambulances, and community healthcare
centers. The versatility and scalability of automated CPR
machines underscore their potential for widespread adoption
and integration into existing emergency medical protocols.

Moreover, research efforts have delved into optimizing user
interfaces and usability features of automated CPR machines.
Intuitive interfaces, clear visual displays, and simplified
controls enhance user experience and reduce the learning curve
for healthcare professionals and first responders. By prioritizing
user-centric design principles, automated CPR machines
facilitate seamless integration into emergency response
workflows, ensuring swift and effective resuscitation
interventions.

3. Hardware Components

The design of a CPR machine involves a sophisticated
integration of hardware and software components, each
contributing uniquely to the system's functionality and
efficiency in automated resuscitation processes. Here's an
expanded view of each hardware component's role and
significance within the CPR machine:
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A. Arduino Uno Microcontroller

e The Arduino Uno microcontroller serves as the central
processing unit (CPU) of the CPR machine,
orchestrating its operations and interactions with other
hardware components.

e It executes programmed instructions, algorithms, and
logic to control the sequence of CPR actions, such as
chest compressions, ventilation cycles, and mode
selection.

e  The microcontroller interfaces with sensors, actuators,
and input/output devices to gather data, process
commands, and provide real-time feedback during
CPR procedures.

e Its programmable nature allows for flexibility in
adjusting CPR parameters, adapting to different
patient conditions, and integrating safety protocols.

B. Push Buttons for Mode Selection

e Push buttons are essential user input devices that
enable operators to select the operating mode of the
CPR machine, such as CHILD or ADULT mode.

e These buttons facilitate intuitive and straightforward
mode selection, allowing healthcare providers to
customize CPR settings based on the patient's age,
size, and medical needs.

e  The push buttons trigger the microcontroller to initiate
specific CPR algorithms tailored to the selected mode,
ensuring optimal compression rates, depths, and
ventilation parameters.

C. LCD 16x2 Display for User Interface

e The LCD 16x2 display serves as the primary user
interface (UI) element of the CPR machine, providing
visual feedback, status updates, and interactive
prompts to operators.

e [t displays essential information such as the selected
mode (CHILD or ADULT), heartbeats per minute
(BPM), remaining time for CPR cycles, error
messages, and system status indicators.

e The display enhances user interaction by presenting
clear and legible information, enabling operators to
monitor CPR progress, verify settings, and respond to
prompts or alarms promptly.

D. Servo Motor for Chest Compressions

e A servo motor is utilized in the CPR machine to
generate controlled and consistent chest compressions,
simulating the manual compressions performed during
CPR procedures.

e The motor's precision and torque characteristics allow
for accurate compression depths and rates, aligning
with established CPR guidelines and protocols.

e It is controlled by the microcontroller and motor
controller, receiving commands to initiate
compression cycles, adjust compression force, and
synchronize with ventilation actions.
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E. Motor Controller for Motor Control

e The motor controller circuitry interfaces between the
microcontroller and servo motor, regulating the
motor's speed, direction, and torque during CPR
operations.

e It ensures smooth and precise motor control,
facilitating coordinated chest compressions and
release phases according to predefined algorithms and
timing parameters.

e The motor controller optimizes energy efficiency,

motor performance, and system reliability,
contributing to the overall effectiveness of CPR
delivery.

F. Motor Driver for Precise Movements

e The motor driver module complements the motor
controller by providing fine-grained control over the
servo motor's movements, including start-stop actions,
position adjustments, and velocity profiles.

e It translates digital signals from the microcontroller
into analog signals that drive the motor's rotational
movements, ensuring accurate and repeatable
compression actions.

e The motor driver's capabilities in regulating motor
speed and position contribute to achieving consistent
compression depths and rates critical for successful
CPR outcomes.

G. Micro Switch for Safety Features

e The micro switch is an integral safety component
designed to detect and respond to abnormal conditions
or malfunctions during CPR operations.

e [t serves as a fail-safe mechanism, triggering safety
protocols such as pausing CPR cycles, activating
alarms, or shutting down the system in case of
emergencies.

e The micro switch enhances patient safety and device
reliability by preventing potential hazards, errors, or
equipment failures that could compromise CPR
efficacy.

1) Arduino Uno

The Arduino Uno microcontroller serves as the brain of the
CPR machine, executing programmed instructions and
coordinating the system's functionalities. It communicates with
other hardware components, such as the LCD display, push
buttons, servo motor, and motor controller, to ensure
synchronized CPR operations.
2) Push Buttons

Two push buttons are utilized for mode selection, allowing
users to choose between CHILD and ADULT modes based on
the patient's age and size. The buttons provide tactile feedback
and facilitate user interaction with the CPR machine.
3) LCD 16x2 Display

The LCD display provides a user-friendly interface for
displaying critical information during CPR procedures. It
shows the selected mode (CHILD or ADULT), heartbeats per
minute, remaining time, and any error messages or prompts,
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ensuring clear communication with the user.
4) Servo Motor

A servo motor is employed to perform chest compressions
according to predefined parameters, including compression
depth and rate. It delivers consistent and controlled
compressions, optimizing CPR effectiveness and patient
outcomes.
5) Motor Controller and Driver

The motor controller and driver circuitry regulate the servo
motor's speed, torque, and direction, ensuring precise
compression and release actions. This control mechanism
enhances the CPR machine's accuracy and reliability during
operation.
6) Micro Switch

The micro switch adds an extra layer of safety by detecting
abnormal conditions or malfunctions, such as motor jams or
electrical faults. It triggers safety protocols to pause or stop
CPR operations, preventing potential risks to the patient or
device.

Voltage
Regulator
7805
Power Supply
. Servo Motor |
Micro Switch-2 e ,D”,",ef,

Arduino Uno

Push Button [ Servo Motor

LCD 16X2
Buzzer

4. Software Tools

Arduino IDE: The software components of the CPR machine
include programming code written in the Arduino IDE
(Integrated Development Environment) using C/C++ language.
The code implements algorithms for CPR cycle control, mode
selection, motor control, LCD display management, error
handling, and safety protocols. It utilizes libraries and functions
provided by Arduino to streamline the development process and
ensure compatibility with the hardware components.

5. Results

The CPR machine's performance was evaluated through
comprehensive testing procedures, including simulated CPR
scenarios and usability assessments. The results demonstrated:

e Consistent and accurate chest compressions within
specified parameters (depth, rate) for both CHILD and
ADULT modes.

e Reliable operation and user-friendly interface,
enabling efficient CPR interventions by healthcare
professionals and laypersons.

e  Safety features activation during abnormal conditions
or malfunctions, ensuring patient and operator safety.
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e Compatibility with standard electrical systems and
adaptability to diverse healthcare settings.

Fig. 2. CPR

A. Advantages

The developed CPR machine offers several advantages over
traditional manual CPR techniques and existing automated CPR
devices:

o Cost-effective design using readily available
components, making it accessible for healthcare
facilities with limited resources.

e Versatile operation for different age groups, including
neonates, children, and adults, enhancing its utility in
diverse clinical scenarios.

e User-friendly interface with intuitive controls and
real-time feedback, improving usability and
effectiveness during emergency situations.

e Safety mechanisms and error handling protocols to
minimize risks and ensure reliable performance in
critical conditions.

B. Applications
The CPR machine has broad applications across healthcare
settings, including:
e Hospitals and emergency departments for rapid
response to cardiac arrest cases.
e Ambulance services for pre-hospital emergency care

International Journal of Recent Advances in Multidisciplinary Topics, VOL. 5, NO. 5, MAY 2024 9

and transport.

e Clinics and primary care facilities for advanced life
support interventions.

e Community centers, schools, and public spaces for
first aid and CPR training programs.

e Home healthcare settings for patients with
cardiovascular conditions or respiratory disorders.

6. Feature Enhancements

Future developments and advancements for the CPR
machine may include:
e Integration of advanced detectors for real-time
physiological monitoring and feedback.
e  Wireless connectivity for remote monitoring and data
transmission.
e Machine learning algorithms for adaptive CPR
performance optimization.
e Collaborative interfaces for
interventions in group scenarios.
e Compact and portable designs for enhanced mobility
and deployment in different environments.

accompanied CPR

7. Conclusion

In conclusion, the design and implementation of the
automated CPR machine using Arduino Uno technology
represent a significant advancement in emergency medical care.
The system's hardware and software integration provide
effective, cost-effective, and user-friendly CPR interventions,
contributing to improved patient outcomes and healthcare
delivery. Further exploration and innovation in automated CPR
technology are essential for enhancing cardiac arrest
interventions and saving lives.
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