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Abstract—”Cost-Effective Resuscitation Device with Real-
Time Health Monitoring Capabilities” offers the first solution to 
provide a critical, accessible and safe respiratory support system 
during emergencies such as the COVID-19 pandemic. Using 
NodeMCU technology, our model offers an innovative 
mechanism based on a pneumatic motor, providing precise 
control over ventilation parameters. With toggle switches and 
variable poten-tiometers, adjustments can be made to individual 
patient needs, increasing ventilation efficiency. The resuscitator 
bag integrates sensors to monitor blood oxygen levels and 
breathing pulmonary pressure, with real-time data displayed on 
a small screen. The emergency buzzer warns health care workers 
immediately of any disturbance. In particular, our system allows 
doctors and relatives to monitor the patient’s condition in real 
time, reducing the need for constant physical presence. Using the 
NodeMCU as the central controller, our low-cost automated 
resuscitator case provides a cost-effective solution for resource-
constrained settings without compromising performance or 
reliability. This article represents an important step in 
democratizing life-saving respiratory support, improving patient 
outcomes, and improving healthcare resilience in a crisis. 
 

Index Terms—Resuscitator Bag, NodeMCU, Ventilation effi-
cacy, Oxygen levels, healthcare resilience 
 
 

I. INTRODUCTION 
 

The global healthcare landscape is facing unprecedented 
challenges, especially in emergencies such as the COVID-19 
pandemic, where the demand for respiratory systems is 
increasing. Access to reliable and affordable medical equip-ment 
remains a critical issue, especially in resource-limited settings. In 
response to this urgent need, there is a need to develop innovative 
technologies to ensure effective patient care and the sustainability 
of the healthcare system. ”Cost-Effective Resuscitation Device 
with Real-Time Health Monitoring Ca-pabilities” means a 
solution designed to replace the respiratory support system, 
especially in emergency situations. Leveraging technological 
advances, this advanced model takes a new approach to providing 

the ventilation you need, addressing the critical need for a cost-
effective and efficient solution. Central to the design of this 
automated resuscitator case is the use of NodeMCU technology, a 
versatile platform known for its robustness and cost-effectiveness. 
By integrating the NodeMCU as a central controller, this system 
achieves precise control over ventilation parameters, providing 
optimal support 
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Fig. 1. Resuscitator Bag 
 

 
tailored to individual patient needs. This not only improves 
ventilation efficiency, but also offers critical flexibility and 
adaptability in a dynamic healthcare environment. At the heart 
of this innovative solution is a core mechanism powered by a 
pneumatic motor that provides a reliable and efficient means 
of ventilation support. Combined with built-in controls such as 
variable switches and variable potentiometers, healthcare 
professionals can adjust ventilation settings with ease, 
facilitat-ing seamless adaptation to evolving patient needs. In 
addition, the integration of sensors to continuously monitor 
important parameters such as blood oxygen levels and 
pulmonary pres-sure adds a layer of safety and security. Real-
time feedback displayed on the mini-screen allows healthcare 
professionals to monitor the patient’s condition, while the 
emergency buzzer immediately warns of deviations from 
normal parameters and provides timely intervention when 
needed. One of the most im-portant advantages of the ”Cost-
Effective Resuscitation Device with Real-Time Health 
Monitoring Capabilities” is the ability to monitor remotely, 
which allows doctors and caregivers to monitor the patient’s 
progress without the need for constant physical presence. This 
not only improves resource allocation, but also improves 
patient care by responding quickly to changing conditions.  

Access to safe and affordable medical equipment is a priority 
for effective patient care during a crisis. The demand for 
respiratory support systems, especially in emergencies such as the 
COVID-19 pandemic, highlights the urgent need for innovative 
solutions that can be easily deployed in resource- 



Cost-Effective Resuscitation Device with Real-Time Health Monitoring Capabilities 
 

2 

 
 
constrained settings. By addressing this challenge, the develop-
ment of the Automatic Resuscitator Bag (Fig.1) is an important 
step towards democratizing access to life-saving technology. 
Leveraging the power of NodeMCU technology, this breakout 
model offers a cost-effective and versatile approach to provid-ing 
ventilation support. Through a unique alarm mechanism powered 
by pneumatic actuators, ventilation parameters are precisely 
controlled, thus tailoring support to the specific needs of the 
patient. The integration of sensors and sensors for continuous 
monitoring increases the efficiency and safety of the system, 
allowing immediate intervention in the event of an emergency. 
What sets this automatic resuscitator bag apart is its ability to 
monitor remotely, giving healthcare providers real-time insight 
into the patient’s condition without having to be physically 
present at all times. This not only optimizes resource allocation, 
but also facilitates timely decision-making and ultimately 
improves patient outcomes. 

 
II. DESIGN  OBJECTIVES 

 
Affordability: The main goal is to create a low-cost auto-

matic resuscitator bag that is affordable for healthcare 
facilities in resource-constrained settings, without 
compromising quality or performance.  

Precision Control: This system aims to achieve precise con-
trol of air supply parameters, allowing healthcare 
professionals to support the specific needs of patients. It 
includes adjustable settings for ventilation rate, tidal volume, 
and pressure to maximize efficiency and patient comfort.  

Remote Monitoring: Facilitating remote monitoring capa-
bilities is essential to allow healthcare providers to monitor  
a patient’s condition in real-time without the need for phys-
ical monitoring. This goal increases efficiency, enables rapid 
response to emergencies, and optimizes resource allocation. 

 
III. LITERATURE  SURVEY 

 
A literature review examines research and development related 

to automatic resuscitator bags, their effectiveness, limitations, and 
technological advances. This critical anal-ysis provides valuable 
insights to inform the design and implementation of innovative 
solutions in respiratory support systems. Teddy Ort et.al [1] This 
innovative system uses a unique sero-based robotic handle to 
automate ventilation by uniformly compressing the resuscitator 
bag. In particular, the prototype was conceptualized, built and 
subjected to pig testing in just one month, laying the foundation 
for large-scale production. Embracing an open source approach, 
the project provides mechanical drawings, design spreadsheets, 
circuit diagrams, and control code, facilitating global adoption 
and manufacturing efforts. This initiative directly addresses 
ventilator shortages during the COVID-19 pandemic, dramati-
cally improving patient care and strengthening the resilience of 
healthcare systems globally. Mohit Kumar et.al, [2], Low-cost 
alternatives to mechanical ventilation, especially the automatic 
manual ventilator bag (AMBU), have attracted the attention of 
healthcare providers, researchers and policy makers. This appeal 
is based on its ability to be rapidly produced, econom-ically 
distributed and accessible to a wider population. This 

 
 
automated device is designed to help patients breathe by com-
pressing and deflating the AMBU bag at a precise frequency, 
while providing oxygen that includes respiratory rate, pressure, 
and tidal volume. In addition, the automated AMBU bag offers 
distinct advantages over its manual counterpart, freeing 
healthcare providers to focus on important aspects of patient care. 
Its simple design, low cost, portability, and easy operation make it 
ideal for use while transporting patients, whether powered by 
batteries or batteries. With an intuitive control system that 
requires minimal training to operate, these devices provide 
efficient and safe respiratory support in a variety of clinical 
settings, facilitating seamless integration into health-care 
protocols. Significant advances in the understanding and analysis 
of ventilation procedures during neonatal resuscita-tion. It 
successfully identifies and parameterizes events related to 
ventilatory interventions by using basic signal processing 
techniques on multiple signal channels, including pressure, flow, 
CO2, and ECG. This allows for the characterization of the 
ventilation procedure and the extraction of meaningful 
information from the recordings obtained through the Laerdal 
Neonatal Resuscitation Monitor. Insights such as ventilatory 
events and parameters have great potential to improve resus-
citation practice. It not only facilitates retrospective analysis to 
identify associations between ventilation parameters and positive 
responses in neonates, but also provides immediate feedback to 
health care providers in resuscitation situations. Ultimately, this 
study contributes to improving the effective-ness and efficiency 
of neonatal resuscitation protocols, thereby reducing the severity 
of complications related to asphyxia and improving neonatal 
outcomes. The AARMED (Ambu Bag for Rapid Mass 
Emergency Deployment) system provides an inexpensive and 
straightforward solution for mechanical ventilation in 
emergencies. It has been rigorously tested to meet ISO certified 
standards, ensuring adherence to regimens and recommended 
parameters for the effective management of COVID-19 patients. 
Capable of continuous operation in vol-ume control, pressure 
control and auxiliary control, AARMED offers a cost-effective 
alternative to traditional ventilators. With a battery backup that 
lasts 2.5 hours, it is ideal for transportation purposes. AARMED 
directly addresses venti-lator shortages during the COVID-19 
pandemic, providing a reliable solution for healthcare systems 
with limited re-sources. By improving patient care and 
strengthening health system resilience, AARMED plays a critical 
role in mitigating the challenges posed by the pandemic. Rohan 
Lal Kshetri, et al. This device provides accurate ventilation to 
patients in need with a real-time feedback mechanism that allows 
tidal volume adjustments based on the patient’s condition, thereby 
increasing efficiency. The simple yet powerful design facilitates 
easy performance and portability for emergency availability. This 
low-cost ventilator is a solution to ventilator shortages, especially 
during the COVID-19 pandemic, and provides healthcare 
facilities around the world with a cost-effective way to save lives 
and manage patients with acute respiratory distress syndrome 
(ARDS). 
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IV.  EQUIPMENT 

 
The materials used in the proposed system are listed in the 
below table with their parameters and the minimum ranges of 
a healthy people.  
 
 
 
 
 
 
 
 
 
 
 
 

 
NodeMCU is an open source software with an open source 
prototype board design. The name ”NodeMCU” is a 
combination of ”node” and ”MCU” (microcontroller unit).  
Strictly speaking, the term ”NodeMCU” refers to the 
software, not the associated development tools. NodeMCU 
has a more powerful processor, larger memory and can 
handle larger sketches and more complex devices.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. NodeMCU (ESP8266) 
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The MAX30100 sensor is used as a heart rate monitor and 
pulse oximeter. A pulse oximeter consists of a light emitting 
diode and an IR sensor. A signal processing unit to improve 
the quality of the output signal. It operates at an input voltage 
of 1.8V to 3.3V.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4. MAX30100 Sensor 

 
These sensors are used in various applications such as 
measuring humidity and temperature values in heating, 
ventilation and air conditioning systems. Weather stations 
also use these sensors to forecast weather conditions.  
Moisture sensors are used as a preventive measure in 
the homes of people affected by moisture.  

 

 
The ESP32 is a chip that provides Wi-Fi and (in some models) 
Bluetooth connectivity for embedded devices—in other 
words, IoT devices. Although ESP32 is technically just a chip, 
modules and development boards that contain this chip are 
often called ”ESP32” by the manufacturer.  
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3. ESP 32 

 

 
Fig. 5. DHT11 Sensor 
 
 

V. METHODOLOGY 
 

proposed emergency ventilator is a compact version of a 
commercial ventilator intended to help patients experiencing 
respiratory distress. The mechanism shows natural breathing, 
ensuring that the parameters of air exchange necessary for the 
safety of the patient are maintained. In practice, the mi-
crocontroller controls the motor responsible for compressing 
the resuscitator bag, facilitating oxygen infusion. The system 
includes a mechanical compressor designed to regulate the 
flow of air into and out of the lungs. In addition, it integrates 
an LCD screen with sensors for pressure, temperature and 
pulse oximetry, showing important medical parameters in real 
time for patient monitoring. Key design considerations include 
mobility, cost-effectiveness, accuracy, reliability, and user-
friendliness. Air carriers aim to provide suitable solutions 
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for emergencies by prioritizing these factors. Its compact size 
improves portability allowing efficient deployment in various 
healthcare settings. Cost-effectiveness ensures access while 
maintaining high standards of accuracy and reliability in ven-
tilation support, especially in resource-limited environments. 
The addition of real-time monitoring capabilities via sensors 
and LCD displays improves patient care by allowing health-
care providers to monitor vital signs and adjust treatment as 
needed. Overall, the proposed emergency ventilator represents 
a holistic approach to address the need for effective respira-
tory support in emergency situations. By balancing technical 
functionality with practical considerations, it promises to be a 
valuable tool for saving lives and improving patient outcomes 
in critical medical emergencies.  

This design features a silicone air exchange bag driven by a 
DC motor that uses a double push mechanism to facilitate 
ventilation. Control switches, including toggle switches and 
variable potentiometers, allow you to adjust breath length and 
breaths per minute (BPM) to meet patient needs. Our system 
includes blood oxygen sensors and sensory pressure sensors to 
monitor critical patient vitals such as blood oxygen levels and 
airway pressure. These vital signs are displayed in real-time 
on mobile screens for the convenience of healthcare providers. 
In addition, an emergency alarm has been integrated to 
immediately alert caregivers of detected anomalies. The entire 
system is powered by an Arduino controller that ensures 
accurate and efficient operation to help patients during the 
COVID pandemic and other emergencies.  

The power supply is the backbone, providing power to the 
entire system. At the core is a Microcontroller (ESP8266) and 
ESP32 that controls the operation of other components. It 
reads sensor data, makes decisions based on current param-
eters, and communicates with other parts of the system. The 
Pressure button allows the user to adjust the pressure for de-
livered breaths, the Start button initiates automatic ventilation, 
and the Off button stops ventilation when needed. Information 
about the system, such as pressure settings and ventilation 
speed, is displayed on the LCD screen. LED indicators (LED  
1 LED 2) provide a visual indication of system status and a 
Buzzer emits an audible alert or alarm. A Servo Motor adjusts 
the inflation and deflation of the bag by compressing it as 
needed. The MAX30100 sensor measures blood oxygen levels 
and heart rate to monitor the patient’s condition. The  
DHT11 sensor measures temperature and humidity to help 
monitor the environment. The Age Group button allows you 
to select appropriate settings for the patient’s age or size. 
Finally, WiFi Devices make it easy to connect to log data, 
monitor remotely, or receive updates. Overall, this system is 
designed to provide automatic chest compressions and mask 
valve bag by controlling the microcontroller pressure and 
ventilation rate based on user input and sensor feedback, 
while visual and audible indicators provide status updates.  

”Low-Cost Automated Resuscitator Bag” Models offer an 
affordable and reliable solution for respiratory support, es-
pecially in emergency situations. Moving away from the 
complicated and expensive nature of conventional ventilators, our 
model uses a simple but effective design. Using NodeMCU 
technology, orchestrating the system built around container- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6. Block Diagram  

 
 
based mechanisms driven by pneumatic actuators is central to 
its functionality. These settings allow precise adjustment of 
ventilation parameters, including respiratory rate, volume, and 
inspiratory-expiratory ratio. What sets our models apart is 
their adaptability and user-friendliness. Equipped with toggle 
switches and variable potentiometers, users can experiment 
with ventilation settings to meet individual patient require-
ments. In addition, sensor integration enables continuous 
monitoring of vital signs such as blood oxygen levels and 
pulmonary pressure. Real-time feedback is easily displayed on 
the mini-screen, giving healthcare providers immediate 
information about the patient’s condition. 

 
VI. RESULTS  AND  DISCUSSIONS 

 
Implementation of the Low-Cost Automated Resuscitator Bag 

model has shown promising results, demonstrating its 
effectiveness and potential impact in providing respiratory 
support. Extensive testing and evaluation revealed significant 
results. First, the mechanism based on the shell controlled by a 
pneumatic actuator demonstrates reliability and accuracy, 
ensuring the precise delivery of ventilation according to prede-
termined parameters. This ensures constant air flow for optimal  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 7. Compression process of  Resuscitated Bag 
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breathing support. Second, a user-friendly interface with 
toggle switches and variable potentiometers makes it easy to 
adjust ventilation settings smoothly. Healthcare providers can 
easily adjust parameters to meet specific patient needs, 
improving adaptability and usability. Air ducts are tested for 
proper compression and decompression and check if the Ambu 
bag has been compressed considered in the design. It has a 
1600ml reservoir keep the air out of the bag. Compression and  
The decompression mechanism was successfully tested as 
described In Fig: 7, different input parameters are used in the 
system to test ventilation performance at different tide levels; 
different breathing rates and IE ratios for long-term work. This 
test shows the expected results.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8. Connections of Automated Resuscitated Bag  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9. Values on LCD Display 

 
The above figure shows the user air channel interface with 
various input parameters. The Total system power 
consumption is very low. 

 
VII. CONCLUSION 

 
As a result, the development of the ”Cost-Effective 

Resusci- tation Device with Real-Time Health Monitoring 
Capabilities” has made significant progress in addressing the 
critical need for an affordable and reliable respiratory support 
system, especially in emergencies such as the COVID-19 
pandemic. Using NodeMCU technology, this innovative 
model offers a mechanism based on new equipment powered 
by pneumatic actuators that allow precise control of 
ventilation parameters. The addition of variable switches and 
variable potentiome- ters allow easy adjustment to meet 
individual patient needs, Thereby increasing ventilation 
efficiency. In addition, the inte- gration of sensors 
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for continuous monitoring of vital signs, real-time information 
displayed on a small screen, and an emergency alert system 
improve patient safety and facilitate timely intervention by 
healthcare providers. In particular, the system’s remote 
monitoring capabilities allow doctors and caregivers to 
monitor the patient’s condition in real time, reducing the need 
for constant physical presence. Offering a cost-effective 
solution without compromising function or relia- bility, this 
model holds great promise for resource-constrained settings, 
ensuring fair access to rescue breathing support. 
 

The feature set includes a NodeMCUcontrolled mechanism, 
adjustable ventilation parameters, continuous monitoring of 
vital signs, real-time data display, an emergency alert system, 
and cost-effective respiratory support for emer- gency 
situations. 
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