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Abstract: COVID-19 pandemic highlighted the urgent need for affordable respiratory aid systems, particularly in low-

resource areas. This article introduces the design and development of an affordable, Arduino-based intelligent ventilator 

with the ability to monitor real-time SpO₂ and heart rate. The system makes airflow control changes in real time 

through fuzzy logic and sends emergency notifications through a GSM module when oxygen saturation falls below 

90%. It integrates a MAX30100 pulse oximeter, R385 diaphragm pump, SIM800L GSM module, and uses a dual-cell 

lithium-ion battery with buck conversion for voltage regulation. It showcases how affordable components and smart 

control can facilitate efficient, portable respiratory assistance. 
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I.         INTRODUCTION 

 

The recent spate of global health crises, particularly the COVID-19 pandemic, has highlighted the vulnerability of 

healthcare systems, particularly in resource-poor settings. Among the key shortages that were highlighted was the 

critical shortage of mechanical ventilators, which are required to support patients with respiratory failure or distress. 

Traditional ventilators, although effective, are too expensive and require highly sophisticated facilities and trained staff 

for use. This renders them unavailable to rural and developing regions, with the consequence of preventable death due 

to the lack of timely respiratory therapy. 

 

To meet this need, the design of an affordable, automated, and portable ventilator is a must. The system utilizes an 

Arduino Uno R4 microcontroller to control different components like the MAX30100 sensor for real-time heart rate 

and SpO₂ monitoring, an R385 diaphragm pump for controlled airflow, and a SIM800L GSM module for emergency 

notification. The system uses fuzzy logic control for smooth and variable motor speed adjustments depending on the 

patient's oxygen saturation. 

 

This solution not only reduces cost but also enhances accessibility and convenience and is therefore deployable in 

homes, ambulances, and rural clinics. It offers a low-cost alternative to high-end ventilators by providing the necessary 

functionalities required to treat patients with mild to moderate respiratory distress. Its autonomous operation and real-

time alerting capability also ensure that caregivers receive timely notifications in the event of critical conditions so that 

timely medical care can be provided. 

 

Here, we present the design, development, and implementation of this smart portable ventilator. We outline the system 

architecture, hardware-software integration, fuzzy control strategy, and performance results achieved through 

simulation and testing. The goal is to present a realistic, affordable respiratory support device for saving lives in 

emergency and under-served situations. 

 

II.      PROBLEM STATEMENT AND OBJECTIVE 

 

Problem statement:  

The global shortage of mechanical ventilators during respiratory pandemics, such as the recent COVID-19 outbreak, 

has reiterated the constraints in the access and cost of life support. Persons with ARDS or other pulmonary diseases 

will need continuous ventilatory support to ensure adequate oxygenation and avoid respiratory failure. But commercial 

ventilator systems are costly, complicated and commonly not available in developing countries. 
 

Objective: 

The overall aim of the project is to create a low-cost, mobile, automation-based ventilator system that can be used for 

assisting patients with respiratory problem. The device is intended to provide continuous monitoring of the blood 
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oxygen saturation of arterial hemoglobin (SpO₂) and the pulse rate of the patient, with a non-invasive optical sensor. It 

adopts fuzzy logic control to regulate continuous airflow produced by a diaphragm pump according to SpO₂ values and 

keep smooth and adaptive operation of the device. If there’s a drastic decrease in oxygen, the system will instantly 

inform the caregivers or whoever in charge with the patient via text message (SMS) through the SIM800L GSM 

module. Live health data can be viewed on 16x2 LCD screen continuously. 

 

The battery-based setup is controlled by a buck converter, which provides a constant supply voltage to all devices. 

This provides robust operation even during emergencies or in low-resource settings where line voltage may be erratic 

and ensures constant operation of vital components such as the GSM-based alert system and the motorized airflow 

device. 

 

III.       SYSTEM DESIGN 

 

The system design of the proposed portable ventilator consists of multiple hardware and software components that 

enable real-time monitoring, adaptive delivery of respiratory assistance, and emergency alerting functionality. The 

Arduino Uno R4 WiFi is the central processing unit of the system which connects with the MAX30100 pulse oximeter 

and heart rate sensor, which continually measure SpO₂ and pulse rate respectively. The continuous data stream is 

processed in real-time to determine patient status. When the SpO₂ drops below the normal limit, the Arduino activates a 

R385 diaphragm pump motor that supplies auxiliary airflow. In order to deliver oxygen in a gradual and precision 

manner, the implemented fuzzy logic control system was used to change the pump's speed (and thus the oxygen 

delivery). The pump speed was adjusted from maximum, when SpO₂ was 100%, to minimum as the SpO₂ dropped to 

90%. This unique method of controlling the oxygen delivery is crucial in order to provide a smooth delivery, rather than 

a sudden rush of oxygen.  

 

 In critical condition management, a SIM800L GSM module is used in the system to send emergency SMS alert if the 

oxygen saturation drops below 90%. By sending alerts to volunteers or caregivers, a response can take place rapidly. 

The patient values of SpO₂, heart rate, and system status are displayed live on the 16x2 I2C LCD screen, so onsite staff 

can monitor the patient. The system is powered by two 7.4V lithium-ion cells, which are connected to a buck converter 

(LM2596), giving a constant output voltage of 4.2V for the GSM module. The pump is controlled using an IRF520 

MOSFET driver receiving PWM signals from the Arduino. The modules are connected using a JUMPER wire and 

breadboard. Thus the system is compact, functional and good for ventilator operation both in a clinical setting and in 

remote/emergency situations. 

 

IV.       METHODOLOGY 

 

The approach used to create the portable ventilator system is based on four degree of freedoms (DOF): Real-Time 

Monitoring, Adaptive Control, Emergency Alerting, and Power Management. Each DOF is applicable independently or 

collectively, and the relationship between the different DOF is built for reliable and autonomous respiratory support 

both in a clinical setting and in resource-poor setting.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

Fig.1 Block Diagram 
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1. Real-time Observation: The system starts to run by initiating key hardware components, including a 

MAX30100 pulse oximeter and heart rate monitor, an LCD display, a GSM module, and a MOSFET driver. The 

MAX30100 pulse oximeter continuously measures the patients blood oxygen saturation (SpO₂) and pulse rate with 

non-invasive optical sensing and sends the values via I²C to the Arduino Uno R4, which processes the readings and 

provides real-time processing health parameters. The resulting health parameters will be displayed immediately in front 

of the user on a 16x2 LCD. 

 

2. Adaptive Motor Control through Fuzzy Logic: After accessing the real-time data, the system calculates the 

SpO₂ levels. If the SpO₂ level remains above 90% but is less than 100%, the system represents this as mild oxygen 

deficiency. The system engages the R385 diaphragm air pump and modulates the speed of the pump using a fuzzy 

logic-based algorithm. The motor speed is increased linearly as SpO₂ decreases from 100% to 90%, which maintains a 

smooth and gradual increase in flow. Linear actuation preserves the positive aspects of not having sharp motor actions 

that put patients at risk or discomfort patients by delaying patient's Oxygen availability. Linear actuation allows the 

system to be adaptive and replicate natural breathing. 

 

3. Emergency Alerting Using GSM: If the SpO₂ level is less than 90%, which could indicate a potentially 

serious situation, the system will enter into emergency mode. This includes triggering the buzzer to alert caregivers in 

close proximity, as well as sending an SMS alert to set contacts using the SIM800L GSM module. The GSM module 

can receive AT commands from the Arduino via SoftwareSerial connection. The system will only send one SMS for an 

event to avoid spamming recipients with alerts. It will continue to send alerts if the SpO₂ level normalizes and becomes 

abnormal a second time. 

 

4. Power Management System: The power requirements for the system were provided by a 7.4V dual-cell 

lithium-ion battery or 12v adaptor to support portability. Given the potential for battery or connector instability, we 

implemented a buck converter (LM2596) to convert the voltage down to a regulated voltage of 4.2V to protect sensitive 

components (e.g. GSM module) within the system. Adopting this approach assures stable operation, which is necessary 

to prepare for an emergency situation, despite prolonged runtime or unstable power conditions.  

 

The system is powered and functions under continual monitoring so the system provides event-based input responses in 

real-time. This includes monitoring the system, displaying values, monitoring ventilation volumes and rates through 

state-change outputs, and sending alerts whenever necessary to adjust ventilator operation. This design approach allows 

the ventilator to maintain autonomy, efficiency, and the ability to react to unwanted physiological or environmental 

conditions. 

 

V.    ALGORITHM 

 

The code acts as a real-time ventilator monitoring and control system, which measures and tracks oxygen saturation 

(SpO₂) and heart rate in real-time, and adjust ventilator speed as necessary. The code also sends an alert in case of 

emergency. Below is a step-wise flow of how the code works and functions. 
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Fig. 2 Flow Chart 

 

1. The system boots and initializes all components in accordance with process parameters. 

2. The LCD is initialized and the backlight is turned on so that it is visible. 

3. The MAX30100 pulse oximeter sensor is configured to detect blood oxygen (SpO₂) and the heart rate. 

4. The MOSFET module is set up as an output device, which will allow it to control an adjustable ventilator motor 

speed. 

5. The GSM module is initialized, which will enable the system to send an emergency SMS, if needed. 

6. The system continuously checks the SpO₂ and heart rate values from the pulse oximeter sensor. 

7. The values for SpO₂ and heart rate that were measured will be displayed on the LCD in real-time for monitoring. 

8. The system continues to run in a loop to ensure that the oxygen levels are continuously monitored. 

9. If the SpO₂ levels recorded are between 90% and 100%, the system will calculate the motor speed from the mapping 

function results. 

10. The MOSFET module will then supply appropriately adjusted power to the ventilator motor based on the declared 

speed, either increasing or decreasing when needed. 

11. When the SpO₂ level drops under 90% for more than 10 seconds, the system will prepare to send an emergency 

SMS alert. 

12. The GSM module switches to text mode and sends a saved emergency message to a specified phone number. 

13. To avoid delivery of multiple messages only one alert message is sent per low-oxygen event. 

14. The system has to constantly check the SpO₂ level and update the ventilator motor speed. 

15. If the SpO₂ level exceeds 90%, the normal speed of the ventilator is restored. 

16. The system has to run in infinite loop to properly monitor and take the required actions when necessary. 
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VI.       HARDWARE DESIGN 
 

The ventilator system includes sensors, actuators, a microcontroller, and communication module, and power 

management unit to allow for real-time monitoring, adaptive oxygen control, and emergency alerting. Below are the 

different parts and their functions.  
 

1.Arduino Uno R4: The Arduino Uno R4 acts as the central processing unit. It reads the information from the 

MAX30100 pulse oximeter sensor, parses the information through the Configuration Bluetooth app, and makes 

decisions based on the data with respect to SpO₂ levels, Verifies the oxygen pump speeds, and sends alerts based on 

input received through the SIM800L GSM communication module. 
 

2.MAX30100 Obesity classes: The MAX30100 continuously measures SpO₂ (oxygen saturation) and heart rate. The 

Arduino Uno R4 is used to communicate with the oximeter sensor through the I2C protocol and receive information 

from the oximeter sensor. The data is received for real-time monitoring from the oximeter sensor and sent to a 16x2 I2C 

LCD Display. 
 

3.R385 Diaphragm Air Pump & IRF540N MOSFET: The R385 6-12V DC Diaphragm Pump regulates oxygen supply. 

The pump is actuated by an IF540N MOSFET used as a switch. The Arduino Uno is programmed to transmit Pulse 

Width Modulation (PWM) signals to the MOSFET to control the pump's speed. The pump's speed would increase 

(from 0% speed to 100%) to adjust for the decreased SpO₂ levels from 100% to 90% (i.e. oxygen delivery system). 
 

4. SIM800L GSM module: If the SpO₂ level is below 90%, an emergency SMS alert will be sent using the  SIM800L 

GSM module. The Arduino Uno R4 communicates with the SIM800L GSM module using a serial interface (Software 

Serial). An alert SMS will be sent to a numbers that have been pre-defined, it includes a list of low oxygen level 

message.  
 

5. 16x2 I2C LCD module: The real- time readings of SpO₂ and heart rate readings of the user are shown using a 16x2 

I2C LCD Display. The animation display of messages will show system activity such as 'Initializing' or 'Motor Speed 

changing' with the user's SpO₂ and heart rate at the same time. In addition, any Emergency alert sent.  
 

6. Lithium-Ion Battery & Buck Converter: The whole system is powered by a 7.4V Dual-Cell Lithium-Ion Battery. The 

SIM800L GSM module requires 4.2V, therefore a buck converter (DC-DC step-down module) is used to step down this 

voltage.  
 

The above mentioned components were interconnected using jumper wires, PCB and/or breadboard. The Arduino Uno 

R4 would process the sensory input for the heart rate sensor and SpO₂ sensor, adjust the motor speed using the 

MOSFET, and control which display messages will be shown, while communicating with the GSM module to send 

alerts. It is very important to have managed all power connections and components to ensure the stable operation of the 

system. 
 

VII.       SOFTWARE DESIGN 

 

The ventilator system utilizes the MAX30100 Pulse Oximeter Sensor for continuous monitoring of SpO₂ levels and 

heart rate. In response to SpO₂ values, the ventilator system will make adjustments to the air pump motor (via a 

MOSFET driver) and will send out an SMS (GSM module) message to alert caregivers (doctors) for emergencies.  

 

1. Libraries: During code-processing, libraries are required such as Wire.h (I2C communication), 

LiquidCrystal_I2C.h (LCD display), MAX30100_PulseOximeter.h (MAX30100 sensor), and Software Serial.h (GSM 

module, soft serial). 

2. Initialization: When the code is processed, the libraries and necessary components are initialized properly. 

This consists of: (a) configuring the required libraries, and some components (I2C interface with the LCD display and 

MAX30100 sensors), GSM module (software serial), configuring the GPIO pins for a MOSFET (driver) that controls 

the air pump; and displaying something on the LCD. 

3. Loop: the or reading the SpO₂ & heart rate data from the MAX30100 sensor, and in response, adjusting air 

pump speed based on spit values utilizing a fuzzy logic(MOSFET control). In addition, the system has a display (LCD) 

that shows the real-time SpO₂ and heart rate, while sending out an ambulance alert, via the (GSM) modem, should the 

SpO₂ babysit levels fall below 90 percent. 

4. SpO₂ and Heart Rate Monitoring: The system consistently reads SpO₂ with the MAX30100 Pulse Oximeter 

Sensor. When SpO₂ is 100%, the air pump will be off. As SpO₂ decreases, the speed of the pump gradually increases. 

Once SpO₂ is below 90%, the system will send an emergency alert via SMS. 
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5. GSM Module for Emergency Alerting: The SIM800L GSM module is used to send an SMS alert in the case of 

SpO₂ is below 90%. The system uses AT commands to set the GSM module into text mode. The system will send a text 

to a predetermined number to alert caregivers to low oxygen levels. Then, once the SMS is sent, the system will not 

send another SMS until the first one was received. 

6. LCD Display for Real-Time Monitoring: The LCD display (16x2 I2C) is used to maintain an actual count of. 

Heart rate, in BPM (HR). SpO₂ level in %, Oxygen pump power, in % and emergency alert status when the message 

was sent. 

7. MOSFET-Based Pump Control: The MOSFET driver controls the speed at which the air pump motor will 

operate based on the SpO₂ levels. The pump operations are mapped linearly between 100% SpO₂  (Off) and 90% SpO₂ 

(Max Speed). The signal was sent from Arduino Pin 3 to the MOSFET gate, in the form of a PWM signal. 

8. MAX30100 Sensor for SpO₂ and Heart Rate: The MAX30100 Pulse Oximeter Sensor is responsible for non-

invasive. The MAX30100 is a pulse oximeter, which utilizes infrared and red LEDs to monitor oxygen saturation levels 

in a non-invasive manner. The MAX30100 provides continuous updates of heart rate and SpO₂, or oxygen saturation, 

values to the system. The current of the IR LED is adjusted to be as accurate as possible. 

9. Power Management: A buck converter is used to power the sensor system in a stable manner. The buck 

converter allows for a regulated voltage of 4.2V from a dual-cell lithium-ion battery. This provides stable power and 

ensures the GSM module operates correctly, without unexpected fluctuations in voltage. 

 

VIII.    RESULT 

 

The system initializes components, including the LCD, MAX30100 sensor, MOSFET module, and GSM module. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 System initializes components. 

 

It continuously monitors SpO₂ and heart rate, displaying values on the LCD and adjusting the ventilator speed based on 

SpO₂ levels. 

 

 

Fig. 4 Continuously monitors SpO₂ and heart rate. 
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If SpO₂ drops below 90% for over 10 seconds, an emergency SMS alert is sent via the GSM module. The system runs 

in a loop, ensuring real-time monitoring and adaptive ventilator control. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.3 Sending alert SMS. 

 

Fig. 5.4 Received alert SMS. 

 

IX.       FUTURE ENHANCEMENTS 

 

1.  Integration of Advanced Ventilation Modes- The system in its future versions will support advanced ventilator 

modes such as pressure control, volume control, and BiPAP/CPAP modes, which will make the ventilator appropriate 

for patients with severe respiratory disease and allow the use of ICUs. 

2.  Redundancy and Increased Accuracy of Sensors- We can switch to more accurate and more reliable 

biomedical sensors (such as the MAX30102) or medical-grade pulse oximeters, which will minimize the effects of 

motion artifacts and environmental noise. We can also include redundant sensors to make it more reliable by verifying 

critical data. 

3. Solar Charging and Battery Health Monitor Systems- Future versions can include a battery management 

system (BMS) to monitor battery health and discharge and charge cycle counts. Solar charging would extend the 

system's usability in rural or off-grid areas. 

4.  Customizable and modular- a modular design would allow for serviceability and upgradability for example to 

replace sensors or to other power sources, allowing flexibility to support different interventions or environments. 
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X.     CONCLUSION 

 

The low-cost ventilator system provides a simple yet effective solution for automated respiratory support. By 

integrating SpO2 monitoring, fuzzy logic ventilator assistance, and GSM-based emergency alerts, the system creates 

improved patient care, along with reduced reliance on valuable hospital ventilators. Its cost-effectiveness, portability, 

and automation make it most desirable for health care facilities in developing world locations and emergency situations. 

Future improvements, IoT connectivity and AI-style analytics, could enhance functionality and adaptability. 
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