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Abstract: The timely accessibility of effective and reliable respiratory assistance systems is a
key issue, especially in resource-constrained healthcare facilities. The conventional respirators
being expensive and complicated in nature, as well as requiring trained professionals to
operate, pose significant barriers in accessing care in many emergency and rural settings.
Conventional manual ventilation is cumbersome, unreliable, and does not have the facility to
monitor patients in real-time, thus posing safety risks under different situations. The objective
of this research paper is to introduce a cost-effective artificial ventilator system utilizing
embedded and mechatronics principles that is capable of providing effective respiratory
assistance. The proposed artificial ventilator is controlled by the STM ARM microcontroller,
which facilitates the control of airflow, pressure, and breathing cycles through the use of
motorized ambu bags. Sensor modules, incorporating pressure, flow sensors, and the KS6020
module, ensure real-time monitoring of vital parameters like oxygen saturation (SpO2), heart
rate, and body temperature.The suggested solution further employs closed-loop control systems
to ensure steady performance according to the changing needs of the patients. From the

http://creativecommons.org/licenses/by/4.0/

experimental findings, it can be concluded that the system provides a consistent flow of air into
the lungs, monitors vital signs precisely, and responds effectively to any anomalies. This low-
cost and portable artificial respirator can be employed in rural health care facilities and home
health care scenarios for emergency purposes.

Key Words: Artificial Respirator, Non-Invasive Breathing Assistance, STM32 ARM
Microcontroller, Vital Parameters Monitoring, Embedded System, Mechatronics, PID Control
System, Low-Cost Medical Instrumentation, Real-Time Monitoring, Health Care Innovation.

I.LINTRODUCTION

The global healthcare system has started focusing on developing lesscost, durable, and efficient medical tools, which
can be used to reduce deaths caused by respiratory diseases. The growing number of individuals who need mechanical
ventilators in the last few years, particularly during the coronavirus outbreak, has exposed some flaws within the healthcare
system in many nations. With the scarcity of ventilators, particularly in rural settings, there is an urgent need to design a
more straightforward respiration device that is affordable and portable. A mechanical ventilator is a complex machine that
should be managed by trained medical personnel. Respiratory support machines are vital medical devices used to offer life-
saving assistance to patients with lung problems such as ARDS and COPD. Although they offer reliable respiratory aid, the
high costs involved in producing these ventilators and their complex nature have limited their accessibility to most patients.

Non-invasive ventilation is an effective approach compared to the traditionally used invasive techniques as it
provides respiratory assistance through breathing apparatus without inserting a tube into patients' airways. However, some
non-invasive ventilation devices are still very expensive or do not contain monitoring components that make them less
attractive for using during emergencies and in patients' homes.

Embedded technology, along with microcontrollers and other mechanical and electronic components, allows
manufacturing small and efficient devices for various purposes. Specifically, the STM ARM family of microcontrollers has
a great potential due to its high speed, energy efficiency, and real-time capabilities that can be employed for medical devices.
The integration of the sensors, actuators, and algorithms may assist in designing a ventilation system that is capable of
delivering a controlled airflow. In addition to the ventilation, continuous tracking of the vital signs including SpO-, body
temperature, and pulse rate is very important for ensuring the safety of the procedure. Through the use of sensor devices like
235|Page
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KS6020, it becomes possible to obtain valuable data. In this paper, the design of a cheap, portable, and non-invasive artificial
ventilator system with the implementation of mechatronics, embedded system, and vital signs monitor is presented. The
system aims at being energy efficient and user friendly, capable of being used in rural healthcare setups, emergencies, and
home-care systems. The challenges of making the proposed ventilator cheap, portable, and reliable have been taken into
consideration.However, the modular design of the system enables future improvements like wireless communication, remote
loTenabled monitoring, and control schemes. In all, the proposed system is a step towards developing healthcare technologies
that can be used across multiple environments without compromising their ease of use and scalability.

Il. PROBLEM DEFINITION

The rise in respiratory problems coupled with global emergencies is highlighting the critical need for efficient and
costeffective ventilator systems. In pandemic situations and medical emergencies, there is always an overwhelming need for
ventilators, especially in thirdworld countries and rural areas where there is a lack of access to medical equipment due to
which patients who suffer from respiratory failure often face late diagnosis and high deaths rates.

Modern-day ventilator systems consist of various advanced capabilities with the inclusion of proper control systems
that help in ensuring patient safety. However, ventilator systems are usually very costly and complicated in terms of design.
In addition, they cannot be effectively utilized without the understanding of medical experts. Additionally, they are bulky
and non-portable, making them unsuitable for emergency and transportation needs.

While there are manual approaches like using ambu bags, the methods have proven inadequate when compared to
automated ventilators in some aspects since they are highly reliant on human involvement. Manual methods can become
inconsistent and susceptible to fatigue-induced errors when used for long periods of time as maintaining consistency while
using force to regulate airflow can be difficult. Real-time monitoring and control cannot be achieved through manual means,
thus increasing patient risk during the procedure.

There has been a great deal of improvement when it comes to integrating embedded systems and control techniques
to come up with efficient automated ventilator methods, although many of these designs still fail to offer real-time monitoring
and adaptive controls. There are no continuous feedback mechanisms that can allow the system to change according to
changes in patient needs.

Thus, it is essential to design a simple, economical, and efficient ventilator system with the incorporation of
automatic airflow regulation and simultaneous monitoring of vitals. This kind of design should have the capacity to work
efficiently regardless of the surrounding environment, considering the aspect of simplicity and economy. The innovation of
an economically non-invasive ventilator that contains its own monitor will be highly beneficial towards improving the health
care services provided.

I11.LLITERATURE SURVEY

Designing affordable and effective ventilation systems has attracted substantial interest over the past few decades
owing to the increasing demand for accessible healthcare solutions. Some of the notable studies that have looked into the
application of embedded systems and control techniques in designing ventilator devices include those related to automation,
accuracy, and monitoring of ventilators. Whereas early ventilator designs were mainly about mechanical ventilation and
rudimentary control techniques, current ventilator devices place more emphasis on automation, precision, and monitoring of
the process. Integration of the microcontroller system has resulted in greater control of the ventilation process through flow
rate, pressure, and breathing cycle management, which has increased the overall reliability of the device. Moreover, the
integration of advanced sensors that monitor physiological functions has improved safety and monitoring. However,
challenges like cost, complexity, and portability continue to pose obstacles to their wider implementation.

For instance, Kumar and Mahesh [1] have proposed a mechatronics technique in the design of a cost-effective and
non-invasive ventilator with the help of an STM ARM controller coupled with vital signs monitoring. The proposed system
integrates sensor technology, actuator systems, and control system mechanism to regulate air flow along with continuous
monitoring of heart rate, oxygen saturation, and body temperature.

In another study, Ramesh and Divya [2] designed an automated ventilator system with a portable design based on
microcontroller technology. The proposed design uses an adaptive control mechanism that helps to regulate the air pressure
of the patient according to patient requirement; thus, the system can be used for emergency and field conditions.

Furthermore, Sharma and Patel [3] presented a ventilation system based on Internet of Things technology with
remote real-time monitoring facility. Such ventilation system allows doctors and other healthcare personnel to monitor the
condition of patients from afar by sending data to the respective medical server.

The work conducted by Meena and Rajesh [4] focused on designing an embedded system-based ventilator,
especially for emergency purposes. In their model, pressure and flow sensors have been used along with the use of automated
control techniques in order to ensure proper breathing cycle without the need for any human assistance.

Similarly, Bhat and Joshi [5] have come up with a cheap yet invasive ventilator. This device uses sensors to monitor
and maintain airway pressures and also displays a graphical interface for efficient performance and safety.

Another paper published by Gupta and Singh [6] discusses the robustness of controllers like PID and fuzzy logic in
mechanical ventilation. It is evident from this paper that control plays a major role in maintaining constant air flow and thus
keeping the patients safe during ventilation.

Thomas and George [7] have designed a mechatronics based ventilation machine which incorporates sensors,
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actuators and controllers. It signifies the importance of mechanical and control functions in designing such ventilators.

Lastly, Verma and Desai [8] have suggested an idea of designing microcontroller-based ventilator which supports
both pressure-controlled ventilation and volume-controlled ventilation.

A smart ventilator was designed by Reddy and John [9], based on the STM32 microcontroller that offers high-speed
computing capabilities and exacting control. The ventilator has provisions for automatically changing its mode of operation
and issuing alerts for any abnormal situations, thus ensuring greater safety.

Another ventilator was introduced by Sharma and Kulkarni [10]. The ventilator is capable of tracking important
physiological functions such as SpO2 levels and heart rate, as well as having Bluetooth capability for wireless
communications.

In conclusion, according to current research, there is the efficiency of using embedded systems, 10Ts, and control
system techniques in making efficient ventilators. However, most of these ventilators are limited by various factors, including
high prices, complicated functioning, less of portability, and lack of real-time monitoring capabilities. Therefore, the
development of an affordable, efficient, and portable ventilator is necessary.

IV.METHODOLOGY
In this section, the structured methodology employed for the design and development of the proposed low-cost non-
invasive ventilator system will be discussed. The approach will involve the incorporation of mechatronics design, embedded
control, and real-time monitoring of vital signs to achieve an effective and reliable respiratory assistance system. The
complete system is designed based on the following key stages:

A. Data acquisition

The process of data acquisition involves collecting real-time data using different types of sensors in the ventilator
system. The sensors include pressure sensors and flow sensors used to measure various parameters related to ventilation, as
well as the KS6020 module used to obtain measurements of oxygen saturation (SpO:), heart rate, and body temperature.

B. Signal conditioning and preprocessing

The raw data collected from the sensors undergoes a preprocessing stage, which involves the implementation of
filtering, noise reduction, and normalization techniques to enhance the quality and accuracy of the data obtained. The second
step in the process is the introduction of an STM ARM microcontroller, which acts as the central processing unit in the
system. The microcontroller takes care of all the information acquisition from sensors, analysis of this data in real time, and
actuation of control commands to the system actuator.

C. System design and integration

Integration of mechanical elements, sensors, and electronics in a coordinated manner forms a mechatronics system.
Motor driven ambu bag mechanism is used to produce controlled airflow while sensors provide monitoring of performance
of the entire system. Efficient interfaces must be provided to ensure smooth data transfer and operations.

D. Controller implementation

STM32 ARM microcontroller acts as the controller/central processor of the entire system. The software installed
on the controller is able to take data from sensors, process the same and produce signals for actuation mechanisms. Efficient
communication methods such as UART, 12C, SPI among others will be used to connect sensors and peripherals to the main
controller.

E. Control algorithms

Proportional-Integral-Derivative (PID) control algorithms among others are used to regulate the system
performance parameters like airflow, pressure, and breathing. Algorithms constantly update parameters of the system in
response to the real-time information to ensure stable and efficient operations at all times.

F. Actuation and airflow control
Control signals obtained from processing of inputs by algorithms are used to operate the actuator mechanisms,
especially the motor driven ambu bag mechanism.

G. Vital signs monitoring

The KS6020 sensor module constantly keeps track of the physiological parameters such as SpO-, heart rate, and
temperature. Physiological parameters play an essential role in assessing the patient’s status, and including these in the
control system makes it more sensitive.H. Display and user interface

The user interface is provided via an LCD display or dashboard where ventilation parameters and vital signs are
displayed in real time. The user interface helps monitor the condition of patients and system performance.

I. Alarm and data recording
Alerts are triggered by detecting abnormal values of parameters like low oxygen concentration, high temperature,
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and pressure fluctuations. Alerts are communicated to the user using visual alarms to attract immediate attention. System
data are also recorded for future reference.

J. System optimization

The performance of the system can be improved by optimizing the control parameters, accurate sensor
measurements, and minimizing delays within the system. Effective use of resources and algorithms optimize the energy
usage without compromising system performance.

Overall, the suggested methodological framework can be considered to ensure an effective and systematic way for
designing a cost-effective ventilator with built-in control capabilities. The use of embedded technology, the control strategy,
and sensor technology is what makes the system highly effective and ready for use in emergencies.

V.SYSTEM ARCHITECTURE

The proposed ventilator will perform like an integrated real-time monitoring and control system which is comprised
of three aspects of operations including airflow regulation, sensor-based feedback mechanism and interactions among various
user interfaces. The system is designed in a way that its structure includes a group of related modules including data sensing,
processing, control and application modules which help to coordinate system operation for efficient assistance to patients'
respiration.

As the proposed system relies on an integrated architecture, there will be no problem in coordination and
synchronization of its hardware and software components due to the structured nature of the system. Another important
feature of the suggested system is the application of closed loop system architecture in which sensors provide feedback
continuously to system processor. Such a process makes it possible for processors to control different aspects of ventilation
process including airflow rate, breathing cycles and pressure levels.

Additionally, the design allows for the easy inclusion of further components such as new control systems and
wireless capability without encountering major issues. Generally, this design will be an excellent platform to develop an
affordable, mobile, and intelligent ventilation system.
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Fig. 1. System Architecture of the Proposed Ventilator System

Firstly, it is essential to mention the Data Acquisition Module that acquires real-time input data from different types
of sensors embedded in the ventilator apparatus. The sensors include pressure, flow sensors, and KS6020 module used to
monitor several physiological indexes such as oxygenation saturation (SpO:), heart rate, and body temperature. Thus, this
module is the source of data needed to monitor not only the patient's condition but also ventilation effectiveness.

After acquiring data from sensors, the next step is its processing, meaning that it should pass through the Signal
Processing and Conditioning Module where different operations like filtering, noise reduction, normalization are carried out.
The processing stage ensures the stability of data as well as provides the accuracy required for its further usage.

The outcome of processing data and system states is communicated to the User Interface Module, where the data
are displayed on an LCD screen or dashboard. The variables that can be monitored include air flow, pressure, heart rate,
oxygen saturation, and temperature levels. This module makes it easy for medical professionals and other users to assess
how the system operates as well as the patient’s condition.

The system also has an Alert Generation Module designed for detecting issues like low SpO2 levels, excessive
temperature levels, fluctuating pressures, or abnormal heart rate. If there are any such issues detected, alerts will be generated
via visual, auditory or text-based messages.

Another module in this system is a Data Logging and Communications Module, which logs key parameters
associated with both patients and the system for subsequent analysis. The system can be improved by incorporating Internet
of Things capabilities, which will enable remote monitoring and sharing of data.
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In conclusion, the suggested architecture guarantees that there is proper coordination among the sensor, processor,
controller, and actuators in the process of ensuring proper ventilation in emergency rooms. In addition to this, this architecture
can be used effectively for monitoring purposes in order to guarantee proper stability and reliability of the entire system.

VI.RESULT AND DISCUSSION

The prototype model of the intended ventilator system was created, realized, and tested to assess its efficacy in
terms of providing the required breathing aid and monitoring capabilities in real time. The system involves integration of
mechanical, electrical, and embedded system components into one framework in order to enable coordinated work of the
entire sub-systems. The hardware part of the prototype includes a motor driven ambu bag assembly responsible for air flow
generation, an STM32 ARM microcontroller as the controller and processor, several sensor assemblies to monitor the
parameters, and a power supply assembly. The integration guarantees synchronization of sensing, controlling, and actuating
operations to ensure consistency in the breathing process.

Fig. 2. Hardware Prototype of the Proposed Ventilator System

The performance of the ventilator was verified by monitoring various parameters, including pressure, humidity,
temperature, heart rate, and oxygen saturation level. The data collected from the sensors in real time are processed using the
microcontroller and presented in the user interface dashboard.

The illustration above shows the entire hardware prototype designed for the ventilator system. This helps in showing
how all the different hardware components are integrated into a working unit. The mechanical actuator ambu bag is operated
using a motor that produces regulated flow of air, simulating the inhalation and exhalation process of breathing. The
microcontroller operates all the different components of the system based on information collected by the sensors. The
sensors are used to monitor all the different physiological aspects in real time. These include the level of pressures,
temperature, humidity, heartrate, and oxygen saturation.

Fig. 3. PatientSide Sensor Integraion for Temperature and Humidity Monitoring

It is clear from the picture given above that temperature and humidity sensors have been used near the area where
the patient comes into contact with the machine to get accurate measurements of both respiratory and environmental
conditions. The purpose of using sensors here is to measure any change that might occur in environmental temperature and
humidity, which can affect breathing. Data obtained will ensure that the system remains optimized and evaluates ventilator
performance effectively.
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The system also offers a live monitoring dashboard that displays all the parameters related to the system and patients.

STM Ventilator Dashboard

ealth Alert
N e
123/83
Finger

present

MR Graph

Fig. 4. Real-time Monitoring Dashboard Interface

As shown in the dashboard interface above, heart rate, SpO: level, temperature, pressure, and humidity are among
the major physiological and system parameter values which are made available in real time through this interface. This
ensures that patients and equipment can be constantly monitored through their physiological parameters using this dashboard
interface. It will also continuously reflect any change in the readings provided by sensors. Furthermore, the system has been
integrated with alert systems which ensure that users get instant alerts whenever there is a problem such as high temperature
or unusual pressure levels. Real-time monitoring capability greatly increases the usability of the interface, providing more
situational awareness and facilitating quick decisions when required.

The performance of the system was evaluated through the graphical representation of the sensor's parameters over
time.

Hcm@uma®@ C :
Fig. 5. Graphical Representation of Sensor Parameter

These graphs illustrate the changes in key parameters, including heartrate, temperature, oxygen saturation, SpOs,
pressure, and humidity. The graphical illustration plays a vital role in assessing the effectiveness of the system at different
operating levels.In normal conditions, the system shows consistency in readings, suggesting that the sensors work effectively,
as well as the ability to control ventilation parameters successfully. During exposure to various conditions, the system
exhibits dynamism in responding, illustrating the success of the adopted control method. The lack of sharp peaks in the
graphs denotes system stability and successful acquisition and synchronization of data from the sensing and control modules.

Figure 6: Control and Communication System Hardware Configuration
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In this figure, the entire configuration of the control system hardware is depicted, demonstrating the implementation
of essential components like the microcontroller, relay module, power supply, and sensors interface. The microcontroller
functions as the processing device for the entire system, receiving data from sensors, implementing control logic, and
generating control signals for system control. The relay module and associated circuitry provide for efficient control of the
system's actuators and switch operations. The power supply unit is capable of providing constant power to all the elements,
making sure that all the components perform efficiently. This configuration presents the practical implementation of the
embedded system design, demonstrating efficient interaction between hardware devices resulting in real-time control and
information processing.

The system operated satisfactorily without any significant latency in collecting and analyzing data. The closed-loop
controller functioned efficiently to regulate air flow and pressure, improving patient safety. The alarm system performed
excellently by detecting any irregularities and issuing an instant response via the dashboard.

In conclusion, the experiment validates that the designed system fulfills all the specified design requirements. This
is possible because of the effective combination of both hardware and software elements, allowing the proper operation of
the ventilator system. Therefore, this system can be used during emergencies, in rural areas, and portable applications in the
medical field.

Moreover, there was no notable delay in the processes of collecting data from the sensors, processing it, and
generating responses in the system. The effective operation in real-time shows the high efficiency of communication among
sensors, microcontroller, and actuators in the control system. Furthermore, the implementation of the closed-loop control
helped regulate the flow and pressure to provide consistent breathing cycles under variable circumstances.

The real-time functioning of the system is characterized by its efficient working in case of unusual situations
associated with the variations in temperature, pressure, and vital signs. Therefore, such functionality as the alarm and alert
system can detect possible abnormalities and immediately alert the operator about them using the information provided by
Sensors.

Finally, one can say that the experimental implementation of the system proved its ability to operate according to
all established design and functional specifications. Consequently, the implementation of the system with a compact design
and effective hardware and software components guarantees reliable functioning.It is therefore clear that the system
suggested can be used in emergencies, rural hospitals, and portable medical devices for respiratory aid, thereby making these
systems accessible and affordable.

VII.CONCLUSION

The proposed solution in developing the artificial ventilator system utilizing embedded systems, mechatronics, and
sensors is an effective means to solve the escalating need for low-cost respiration management in healthcare facilities. By
combining the benefits of embedded systems control and mechatronics, this technology can be considered an ideal substitute
for traditional ventilators in scenarios where resources are limited. Using the STM ARM controller and a feedback-based
control technique will ensure the proper regulation of air volume, pressure, and breathing cycles for optimal respiration
management.

The artificial ventilator system can be improved with closed-loop control and real-time monitoring. In this case, the
user interface and alarm system enable real-time monitoring of system variables, allowing operators to promptly react when
there are irregularities in the operation. Real-time display of critical parameters will also help in making informed decisions
while the equipment is being used.

As observed through experimentation, the system has a high ventilation rate that has no delays in the acquisition
and processing of data. The proper incorporation of hardware and software elements makes it possible to ensure its reliable
functioning under different conditions, which qualifies it for practical application. Furthermore, because of its modularity, it
becomes easy to improve the system through aspects such as remote monitoring using loT technology, wireless transfer, and
more effective means of control.

Also, it is important to note that the system is portable, uses less energy, and has more user-friendly aspects. As a
result, it becomes ideal when used in situations like emergencies. Consequently, it makes it easier to do without costly
medical devices.

The innovation of the system plays a critical role in advancing the creation of accessible and affordable health
technologies. It offers significant potential for improving healthcare support in rural clinics, emergencies, and disadvantaged
populations.
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