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 IntelliVent: Enhancing Patient Care with Advanced Ventilation System intends to 

revolutionize mechanical ventilation by creating an automated ventilator that uses an 

Ambu bag and has complete monitoring features. The system precisely sets and controls 

respiratory parameters such as tidal volume, respiratory rate, minute ventilation, peak 

and plateau pressures, I:E ratio, and FiO2 levels utilizing a DC motor-driven cam lever 

mechanism for precision Ambu bag compression. IntelliVent uses modern sensors to 

monitor important patient characteristics such as blood pressure, glucose levels, oxygen 

saturation, body temperature, and platelet count, allowing for dynamic modifications to 

match unique patient demands. The complex control software offers different 

ventilation modes and real-time feedback loops, which improves system adaptability 

and responsiveness. IntelliVent's user-friendly interface, which includes real-time 

visualization of critical parameters and vital signs, helps clinicians make informed 

judgments. This project seeks to provide a cost-effective, dependable, and adjustable 

ventilation solution that will improve patient care quality and efficiency in critical care 

settings. IntelliVent aims to ensure safety, efficacy, and regulatory compliance through 

thorough calibration, bench testing, and clinical trials, thereby setting a new standard in 

mechanical ventilation technology. 
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I. INTRODUCTION 

 
 Mechanical ventilation is essential in critical care 

settings for patients with severe respiratory distress or failure. 

Traditional mechanical ventilators, while their efficiency, 

frequently lack the versatility and thorough monitoring 

capabilities required to meet dynamic physiological 

conditions. The goal of this project is to create a low-cost, 

automated ventilator system that uses an Ambu bag and a DC 

motor-driven cam lever mechanism to provide accurate and 

consistent ventilation. The system uses advanced sensors to 

monitor critical ventilation parameters such as peak and 

plateau pressures, tidal volume, minute ventilation, and FiO2 

levels, as well as vital signs like blood pressure, glucose 

levels, oxygen saturation, body temperature, and platelet 

count. The system is managed by an Arduino Mega, which 

processes sensor data and controls the actuator. The control 

software, which includes numerous ventilation modes and 

real-time feedback loops, responds to the changing needs of 

patients, assuring both safety and efficiency. A user-friendly 

interface with a display unit enables healthcare providers to 

change parameters, see real-time data, and respond to alerts, 

providing graphical representations of important respiratory 

parameters via scalar and loop graphs. This novel approach 

to mechanical ventilation incorporates superior mechanical 

design, extensive sensor integration, and intelligent control 

systems. By overcoming the constraints of standard 

ventilators, this project intends to improve patient care in 

critical conditions by providing a dependable and adaptable 

system that satisfies the unique demands of both patients and 

healthcare personnel. This system's sturdy and reliable design 

positions it to make substantial contributions to critical care 

practices. represents an innovative approach to mechanical 

ventilation, combining advanced mechanical design, 

comprehensive sensor integration, and intelligent control 

systems. This project aims to enhance the quality of patient 

care in critical settings, providing a reliable and adaptable 

solution that meets the diverse needs of patients and 

healthcare providers alike. 

II. LITERATURE SURVEY 

1) A multiple emergency ventilator as backup solution in 

pandemic: A specifically designed and dimensioned 

device 

Baselli, G. et al., [1] The Multiple Emergency Ventilator 

(MEV) stands out as a game-changing solution for managing 

ICU ventilator shortages, especially at camp hospitals. Its 

ability to serve up to ten patients simultaneously with a 

consistent oxygen mixture and exact peak inspiratory 

pressure (PIP) is a shining example of efficiency. Its 

improved fluid dynamics enable minimal pressure drops, 

resulting in nearly flawless patient uncoupling. Meticulous 

monitoring of individual respiratory parameters improves 

safety and precision, while the Bell-Jar System, based on 

Archimedes' law, safely regulates PIP. It is built around 

robust 2-inch stainless steel pipes and has customizable 

ventilation settings, allowing for specialized treatment for a 

variety of ICU demands. With reduced stocking, transport, 

and installation, the MEV allows for rapid deployment in 

emergency medical settings, embodying resilience and 

adaptability in critical respiratory care. 
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2) A multivent system for non-invasive ventilation: Solving 

the problem of ventilator shortage during the COVID-19 

pandemic 
Ren, S. et al., [2] The research report describes a 

revolutionary multivent device designed to alleviate 

ventilator shortages during the COVID-19 crisis. It 

effectively serves a wide range of patient needs by providing 

numerous breathing circuits that can be configured 

simultaneously. Each circuit is equipped with proportional 

valves and flow-pressure sensors, ensuring accurate 

modulation of airway dynamics for tailored care. The system, 

which is supported by a strong mathematical model and 

experimental validation, effectively provides biphasic 

positive airway pressure (BIPAP) breathing without circuit 

interference. While some pressure fluctuations surfaced 

during ventilation, they indicate areas for improvement. 

Nonetheless, this innovation is a big step toward alleviating 

shortages, promising improved patient care and resource 

optimization. Positioned at the vanguard of non-invasive 

ventilation, its significance goes beyond the current crisis, 

influencing future healthcare approaches. 

 
3) ABV-covid: An ensemble forecasting model to predict 

availability of beds and ventilators for covid-19 like 

pandemics 

Prasad, V.K. et al., [3] The ABV-CoViD scheme is a cutting-

edge approach to predicting bed and ventilator availability for 

COVID-19 patients that combines artificial neural networks 

(ANN) with auto-regressive integrated moving average 

(ARIMA) models. This hybrid technique effectively 

incorporates both linear and nonlinear data dependencies, 

resulting in exact forecasts. The model optimizes resource 

allocation by considering regional availability and COVID-

19 case numbers. It also uses a θ-ARNN model to predict 

virus propagation to other patients. When tested using US 

healthcare data, the approach beats standard methods by 

combining prior data, recoveries, and current positivity rates 

to make accurate forecasts. With a clear pattern of increasing 

resource utilization, the tool emphasizes the critical need for 

comprehensive pandemic resource management. This new 

forecasting method has the potential to dramatically 

strengthen COVID-19 response operations by improving 

preparedness and resource allocation. 

 

4) An AI-based ventilation KPI using embedded IOT 

devices 

Maciá-Pérez, F. et al., [4] With an emphasis on academic 

contexts, the paper presents the ventilation KPI (KPIv), a 

revolutionary Key Performance Indicator designed for Smart 

Cities. Regressive neural network models are used by KPIv, 

an instrument designed to measure the effect of indoor air 

quality on occupants, to estimate both occupancy and CO2 

accumulation. When deployed using IoT device prototypes 

and smoothly incorporated into the current infrastructure, it 

provides a workable option for ventilation control in practical 

situations. With the help of easily accessible resources, KPIv 

has the ability to optimize ventilation, as demonstrated at the 

University of Alicante's Smart University platform. 

 

5) Automatic detection of ineffective triggering and double 

triggering during mechanical ventilation 

Mulqueeny, Q. et al., [5] The relationship between the patient 

and the ventilator during mechanical breathing is critical to 

the patient's success; problems such as double triggering and 

inadequate triggering jeopardize comfort and efficacy. 

Because manual detection requires a lot of work and is largely 

dependent on physician knowledge, automated alternatives 

are essential. In real-time, the suggested method has great 

sensitivity (91%) and specificity (97%) in identifying these 

problems. The identification and resolution of patient-

ventilator mismatches could be greatly improved by 

integrating this method into ventilator systems, improving 

clinical decision-making and patient care. By addressing a 

significant issue with mechanical ventilation, this study 

advances critical care monitoring and intervention 

techniques. 

 

6) Design and implementation of portable emergency 

ventilator for COVID-19 patients 

Abboudi, A.I. et al., [6] In response to the acute need for 

accessible, at-home respiratory support owing to hospital 

ventilator shortages, the study describes the development of a 

portable emergency ventilator for COVID-19 patients. The 

ventilator uses an Arduino microcontroller to combine 

sensors that monitor pressure, body temperature, pulse 

oximetry, and drive a stepper motor. This eliminates the need 

for human involvement by setting off automatic alarms for 

adverse situations. The system's accuracy and performance in 

comparison to commercial ventilators are demonstrated by 

the presentation of the hardware, software, and testing data 

together with the system architecture. This inexpensive 

remedy is especially helpful in situations where resources are 

few, providing efficient respiratory support throughout the 

pandemic. 

 
 

Fig.1. Proposed portable emergency ventilator block 

diagram [6]. 

 

 
 

Fig.2. Hardware design and final prototype of the system 

[6]. 
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Fig.3. Functional flow char of the system software [6]. 

 

7) Diagnosis of ventilator-associated pneumonia using 

electronic nose sensor array signals: Solutions to 

improve the application of machine learning in 

respiratory research 

Chen, C.-Y., et al., [7] The goal of this project is to create a 

breath test that uses machine learning and electronic nasal 

sensors to diagnose ventilator-associated pneumonia (VAP). 

Eight machine learning algorithms were used by the 

researchers to assess breath samples from patients with and 

without VAP. The mean accuracy, sensitivity, and specificity 

were 0.81, 0.79, and 0.83, respectively. The area under the 

receiver operator characteristic curve of 0.85 and the test's 

encouraging predictive values demonstrate the promise of AI 

in clinical diagnostics. The study emphasizes the significance 

of robust modelling for trustworthy diagnostic tests and 

stresses the necessity of explicit data processing techniques. 

To improve the technique and reporting processes, more 

research and improvement are advised. 

 

8) ExoventQ: A novel low-cost portable negative pressure 

ventilator design and implementation 

Gaben, S.S. et al., [8] A cost-effective, portable negative 

pressure ventilator called ExoventQ was developed in 

response to the COVID-19 pandemic's scarcity of mechanical 

ventilators. It functions in two modes: cyclic negative 

pressure ventilation (CNPV) and continuous negative extra 

thoracic pressure (CNEP). Tests of the control system have 

demonstrated how responsive the gadget is to changes in 

parameters. Effective implementation and activation of safety 

elements, including vacuum relief system and auditory and 

visual alarms, has been made. Even though the ExoventQ 

prototype shows encouraging functionality and safety, more 

study is needed to address its drawbacks and possible hazards. 

 
Fig 4. Complete layout of the control system [8]. 

 

9) Integrated clinical and CT based Artificial Intelligence 

Nomogram for predicting severity and need for 

ventilator support in COVID-19 patients: A multi-site 

study 

Hiremath, A. et al., [9] ClAIN, an integrated clinical and 

imaging nomogram, was created by researchers to forecast if 

COVID-19 patients may require mechanical ventilation. With 

an accuracy of 77.9% and a sensitivity of 97.3%, ClAIN beat 

other models by combining clinical parameters with a deep 

learning model based on chest CT scans. This is a useful tool 

for triaging and risk assessment, especially in the current 

ventilator scarcity. Even though ClAIN seems promising, 

more research is necessary to properly evaluate its clinical 

utility and efficacy in practical contexts. 

 

10) Mattress sensor-based respiration rate estimation using 

unsupervised clustering 

Oh, K. et al.,[10] In order to assure accuracy, this work 

presents a novel technique for monitoring human respiration 

rate using a mattress sensor. Unsupervised clustering and a 

cluster selection algorithm are used. Precise calculation of the 

respiration waveform is possible due to the pressure changes 

on the mattress sensor reflecting changes in upper body 

volume during breathing. The accuracy of this methodology 

is confirmed by the results, which show a higher mean 

Pearson correlation coefficient when compared to alternative 

methods. The method's great accuracy in respiration rate 

estimate is demonstrated by its resilient performance against 

variations in input volume. This work highlights the potential 

of this method for precise respiration assessment and proves 

the viability of using mattress sensors for non-invasive 

respiration monitoring. 

11) Intensive Care Unit Admission, mechanical ventilation, 

and mortality among patients with type 1 diabetes 

hospitalized for covid-19 in the U.S 

Barrett, C.E. et al., [11] In comparison to patients without 

diabetes, patients with type 1 diabetes mellitus (T1DM) who 

are hospitalized with COVID-19 are at higher risk of 

experiencing severe consequences, such as a 21% increased 

absolute risk of ICU admission or mechanical ventilation and 

a 5% increased absolute risk of mortality. Although death 

rates are comparable, people with type 1 diabetes mellitus 

(T1DM) have an absolute 9% greater probability of requiring 

ICU care. T1DM patients have a lower death rate than T2DM 

patients when diabetic ketoacidosis (DKA) is corrected for at 

or before the COVID-19 diagnosis. This reduces the elevated 

risk of the intensive care unit. These results emphasize how 

crucial it is to control diabetes, especially in those with type 

1 diabetes, in order to avoid serious COVID-19 

consequences. 

 

12) Multi-modal feature fusion-based machine learning to 

detect abnormal mechanical ventilation 

Zhang, H. et al., [12] This work presents a machine learning 

technique that integrates time-domain, time-frequency, and 

entropic characteristics to improve identification accuracy. 

The system leverages multi-modal features to identify 

aberrant breathing from ventilator waveforms. Five types of 

anomalous ventilation are detected using three conventional 

machine learning models: k-nearest neighbours, random 

forest, and support vector machine. When these features are 
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combined, they perform noticeably better than when time-

domain features are used alone. The range of ideal F1 scores 

to identify any kind of anomalous ventilation is 89.18% to 

97.56%. There is a great deal of promise for this technique in 

the field of clinical monitoring and aberrant ventilation 

management. 

 
Fig 5. Schematic diagram of the proposed algorithm for 

identification of abnormal ventilation [12]. 

III. SUMMARY 

This research aims to improve mechanical ventilation for 

patients with severe respiratory distress or failure by 

developing a cost-effective, automated ventilator. The device 

uses an Ambu bag and a DC motor-driven cam lever 

mechanism to provide accurate and consistent ventilation. 

Advanced sensors monitor important ventilation parameters 

and vital signs, and an Arduino Mega processes the 

information to assure precise control. The control software 

has numerous ventilation modes and real-time input, allowing 

it to adjust to changing patient needs. A user-friendly 

interface allows healthcare providers to make changes, 

monitor real-time data, and respond to alarms. This unique 

device enhances critical care by providing a dependable, 

adaptive, and complete ventilation solution. 

 

IV. FUTURE SCOPE 

The automated ventilator system created for this project has 

enormous promise for future advances and applications. 

Additional advances could involve the use of machine 

learning techniques to forecast patient demands and 

dynamically modify ventilation parameters. Expanding 

sensor capabilities to include additional health indicators like 

CO2 levels and enhanced respiratory mechanics may improve 

patient monitoring. Wireless connectivity and IoT integration 

would allow for remote monitoring and control, improving 

patient care in both hospital and home settings. Furthermore, 

creating a smaller and more portable version of the 

technology could make it easier to utilize in an emergency or 

in the field. Collaboration with healthcare professionals and 

ongoing feedback will be required to enhance and optimize 

the system, ensuring that it matches the changing needs of 

critical care situations. The next iteration of this automated 

ventilator system holds the potential for significant advances 

in medical technology. Future generations could use artificial 

intelligence to give predictive analytics, allowing the device 

to anticipate patient demands and automatically modify 

ventilator parameters to ensure optimal treatment. Enhanced 

sensor integration could incorporate real-time monitoring of 

additional physiological metrics like end-tidal CO2, 

advanced pulmonary mechanics, and even neurological 

status, providing a more complete picture of the patient's 

health. 

V. CONCLUSION 

The creation of a low-cost, automated ventilator system 

marks a significant advancement in critical care, eliminating 

the limits of existing ventilators by delivering accurate and 

constant ventilation with sophisticated monitoring 

capabilities. This system uses an Ambu bag and a DC motor-

driven cam lever mechanism, as well as an Arduino Mega for 

data processing and control, to provide quick and accurate 

ventilation. Multiple ventilation settings, real-time feedback 

loops, and an easy-to-use interface enable healthcare 

personnel to manage patient care more efficiently. The use of 

sophisticated sensors to monitor critical breathing parameters 

and vital signs improves patient safety and treatment efficacy. 

Looking ahead, the possibility of additional breakthroughs 

such as AI-powered predictive analytics, greater sensor 

integration, wireless connectivity, and mobility suggests that 

this system could usher in a new era of intelligent, flexible, 

and accessible ventilator technology. This initiative 

demonstrates the necessity of continuous innovation in 

medical equipment and lays the groundwork for future 

advances in mechanical ventilation by considerably 

increasing patient outcomes and healthcare efficiency. 
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