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Abstract.This paper presents the design and implementation of a portable ven-
tilation system with variable pressure per minute, leveraging artificial intelli-
gence for precise respiratory support. The system incorporates sensors such as
pressure sensors, flow sensors, and a pulse oximeter (MAX30100) to monitor
vital parameters including heart rate and oxygen saturation. The core of the sys-
tem is a microcontroller, integrated with an Al model that predicts the required
airway pressure based on real-time patient data. This Al-driven approach not
only enhances patient safety but also optimizes ventilation through a closed-
loop feedback mechanism. The Al model utilizes a recurrent neural network
(RNN) to analyze data and adjust the air pump speed, accordingly, ensuring ef-
fective and individualized patient care. Comparative analysis with conventional
and semi-automated systems demonstrates the proposed model's superiority in
accuracy, efficiency, and patient safety. The portable design of the system
makes it suitable for diverse healthcare settings, including home care and emer-
gency scenarios. Future developments may integrate telemedicine capabilities
for remote monitoring. The proposed system offers a promising solution for
improving respiratory therapy, particularly in critical care environments where
precision and adaptability are crucial.

Keywords:Portable ventilation, artificial intelligence, respiratory therapy, pres-
sure control, RNN model, patient monitoring.

1 Introduction

Portable ventilation systems play a pivotal role in managing patients with respiratory
challenges, offering critical support in both clinical and emergency settings. Tradi-
tional ventilation systems often rely on preset, fixed pressure levels, limiting their
adaptability to changing patient needs. However, advancements in artificial intelli-
gence (Al) have paved the way for the development of intelligent, portable ventilation
devices with variable pressure capabilities. These systems can automatically adjust
ventilation parameters based on real-time patient data, ensuring more precise and
individualized care. The integration of Al, particularly through recurrent neural net-
works (RNNs), enables the system to analyze input from sensors, such as pressure
sensors, flow sensors, and pulse oximeters like the MAX30100. The MAX30100
oximeters like the MAX30100. The MAX30100 sensor measures heart rate and SpO-

© The Author(s) 2025

J. K. Katiyar et al. (eds.), Proceedings of International Conference on Computer Science and Communication
Engineering (ICCSCE 2025), Advances in Computer Science Research 124,
https://doi.org/10.2991/978-94-6463-858-5_177


https://doi.org/10.2991/978-94-6463-858-5_177
http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6463-858-5_177&domain=pdf

2126 N. K. Bashai et al.

levels, providing critical physiological data for the Al model to predict and adjust air-
way pressure dynamically. This predictive approach not only enhances patient safety
but also optimizes treatment by minimizing the risks of hyperventilation or hypoventi-
lation.

The proposed system is designed for versatility, suitable for use in home care, am-
bulances, and field hospitals. Its portability and ability to operate on battery power
make it invaluable during emergencies or in remote areas with limited medical infra-
structure. Additionally, the potential for integrating telemedicine capabilities can fur-
ther extend its utility, allowing healthcare providers to monitor and adjust settings re-
mote the Al-based portable ventilation system represents a significant step forward in
respiratory therapy. By combining cutting-edge technology with practical healthcare
needs, this system aims to provide timely, accurate, and adaptive respiratory support
for patients in various healthcare scenarios.

Portable ventilation systems have been extensively explored for their potential in
providing effective respiratory support, especially in resource-limited settings. Various
studies have focused on integrating Al techniques to enhance the functionality and ef-
ficiency of these systems.

2 Related Work

Several researchers have investigated Al-enhanced portable ventilators for environ-
ments with limited medical infrastructure, highlighting their significance in emergen-
cies [1]. The application of machine learning techniques to predict ventilator needs has
demonstrated improved patient outcomes and operational efficiency [2]. Additionally,
the concept of variable breaths per minute (BPM) control has been shown to optimize
ventilation support for diverse patient needs [3]. Recurrent neural networks (RNNs)
have also been utilized for predictive control of ventilators, contributing to more precise
patient-specific ventilation [4].

Efforts to develop low-cost, portable ventilators for emergency use have demon-
strated promising results in reducing production costs while maintaining functionality
[5]. Adaptive control techniques using Al algorithms have been implemented to adjust
ventilation parameters dynamically, ensuring patient safety [6]. Furthermore, real-time
monitoring and IoT integration have expanded the scope of portable ventilators, ena-
bling remote patient monitoring [12], [18].

Energy-efficient designs have been explored to enhance the battery life of portable
ventilators, making them suitable for field hospitals and emergency response scenarios
[10]. Predictive modeling using Al has proven effective in forecasting patient needs
and reducing the likelihood of ventilation-related complications [11]. Notably, person-
alized respiratory support through Al-driven algorithms has demonstrated increased ac-
curacy in adjusting ventilation settings [14].The application of Al in non-invasive ven-
tilation systems has further enhanced the adaptability and user experience of portable
ventilators, ensuring comfort and improved compliance [20]. Overall, the integration
of Al techniques in portable ventilators has shown significant improvements in effi-
ciency, accuracy, and patient safety.
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3 Proposed Methodology

A portable ventilation system with variable pressure per minute is a critical medical
device designed to support patients with respiratory challenges. The primary objective
of this system is to provide controlled airflow while monitoring vital patient data such
as heart rate and oxygen saturation (SpO:). The integration of artificial intelligence (AI)
further enhances its efficiency, ensuring that patients receive personalized respiratory
support based on their real-time physiological needs(fig.1).

The system's core is the microcontroller, typically an ESP32 or Raspberry Pi, which
serves as the central processing unit. It receives inputs from multiple sensors and com-
municates with the air pump and alarm systems to deliver optimal ventilation. A reliable
power supply ensures uninterrupted operation, vital for critical care scenarios.
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Fig. 1.Block Diagram of Al-Enhanced Portable Ventilation System

A significant component of this design is the pressure sensor, which monitors the air-
way pressure delivered to the patient. This sensor detects deviations from the desired
pressure levels, helping maintain consistent and appropriate ventilation. Simultane-
ously, a flow sensor measures the rate and volume of airflow to and from the patient,
providing data on the patient's respiratory pattern and lung function.

To assess the patient's physiological condition, the system integrates a pulse oxime-
ter (MAX30100). This sensor uses photoplethysmography to measure heart rate and
oxygen saturation (SpO:). Light emitted from the sensor passes through the patient’s
skin, and the amount of reflected light is analyzed to determine oxygen levels and pulse
rate. These readings help evaluate the patient's oxygenation status and overall cardio-
vascular health.The acquired sensor data is processed by the microcontroller, which
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runs an Al model for pressure prediction. This Al algorithm uses patient data, including
heart rate and oxygen saturation, to predict the necessary airway pressure dynamically.
The formula governing this prediction can be represented as equation 1

P_adj = P_base + k(HR_var + Sp0O2_var) €))

Initialize System and Sensors

Read Heart Rate & Sp0: from MAX30100

Read Pressure and Airflow
Al Model Predicts Required Pressure  § S

Yes

rigger Alarm & Display Waming

(Check Manual Adjustment

User Adjusts Setfings

Adjust Air Pump Speed
Fig. 2.Flowchart of AI-Enhanced Portable Ventilation System
where: P_adj is the adjusted pressure, P_base is the baseline pressure, HR var is the

variation in heart rate, SpO2_var is the variation in oxygen saturation, k is a constant
calibration. By analyzing the variations in heart rate and oxygen saturation, the system
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adjusts the air pump's speed to deliver appropriate pressure levels. This closed-loop
feedback mechanism ensures that patients receive stable and adequate ventilation, re-
ducing the risk of over-ventilation or insufficient support.The air pump delivers the
calculated airflow to the patient's airway mask. If the Al detects abnormal values be-
yond the set limits, the alarm system triggered, notifying caregivers or medical person-
nel. Additionally, a display and user interface provide real-time monitoring and allow
for manual adjustments if necessary.In scenarios where patients experience sudden
health changes, such as hypoxia or tachycardia, the system can quickly adjust to meet
the patient's needs. The Al-driven approach not only improves patient safety but also
reduces the workload on healthcare professionals, enabling more effective remote mon-
itoring.
This Al-enhanced portable ventilation system offers a sophisticated yet practical solu-
tion for patient care. Its ability to adjust pressure dynamically based on real-time data
makes it valuable for home healthcare, emergency response, and clinical settings. Fu-
ture developments could integrate telemedicine capabilities, enabling remote monitor-
ing and expert intervention, further expanding its application in modern healthcare.
Fig 2. illustrates the operational process of an Al-enhanced portable ventilation system
designed to deliver variable pressure per minute based on real-time physiological data.
This intelligent system aims to support patients with respiratory issues by ensuring pre-
cise and adaptive ventilation.The process begins with the initialization of the system
and sensors, including the pulse oximeter (MAX30100) that measures heart rate and
oxygen saturation (SpO:). The system continuously reads these parameters to assess
the patient's current physiological state. Accurate monitoring of these values is critical,
as any deviation from the expected range can indicate potential health complica-
tions.Simultaneously, the system measures pressure and airflow through dedicated sen-
sors to ensure that the patient receives the appropriate level of respiratory support.
These data points are crucial for maintaining consistent and safe ventilation. The system
then evaluates whether the gathered data, including heart rate, oxygen saturation, pres-
sure, and airflow, falls within the normal range.

If the collected data is within the acceptable range, the Al model predicts the neces-
sary pressure based on the patient's condition. The Al prediction relies on a formula
that considers heart rate and oxygen saturation variations in equation 2

P_{adj} = P_{base} + k(HR_{var} + SpO_{2_{var}}) 2)

where: P_{adj} is the adjusted pressure, P_{base}is the baseline pressure, HR {var} is
the variation in heart rate, SpO_{2 {var}} is the variation in oxygen saturation, k is a
calibration constant.

This equation enables dynamic adjustments of air pump speed, ensuring that patients
receive tailored ventilation based on their current physiological state. If the data falls
outside the expected range, the system triggers an alarm and displays a warning to alert
medical personnel or caregivers. This rapid response mechanism is essential to prevent
critical health incidents. In the event of an alarm, the system checks for manual adjust-
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ments. Medical personnel or caregivers can intervene by adjusting the settings manu-
ally, ensuring that the patient's immediate needs are addressed. If adjustments are made,
the system recalibrates and adjusts the air pump speed accordingly, re-entering the feed-
back loop to maintain effective and safe ventilation. The closed-loop feedback system,
guided by Al predictions and real-time data, minimizes risks associated with over-ven-
tilation or inadequate respiratory support. This approach also reduces the workload of
healthcare providers, enabling remote monitoring and timely intervention when neces-
sary.This Al-driven portable ventilation system offers a sophisticated, adaptable, and
patient-centered approach to respiratory care. Its ability to adjust in real-time based on
comprehensive data analysis makes it suitable for a variety of healthcare environments,
including emergency settings, home healthcare, and clinical use.

Data Preprocessing: Normalization, Noise
Filtering

Input Layer: Heart Rate, Sp0-, Pressure,
Airflow

Hidden Layer 1: Neurons with Activation
Function

Hidden Layer 2: Neurons with Activation
Function

Output Layer: Predicted Pressure Level

Adjust Air Pump Speed

Fig. 3.AI Model for Pressure Prediction
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Sensor Data Collection. The initial stage of the system involves gathering vital physio-
logical data, including heart rate, oxygen saturation (SpO:), airway pressure, and air-
flow. These measurements are obtained using sensors like the MAX30100 for heart rate
and SpO:, pressure sensors for airway monitoring, and flow sensors for airflow meas-
urement. Accurate data collection is critical, as incorrect inputs can lead to inappropri-
ate ventilation adjustments.

3.1 Data Preprocessing: Normalization and Noise Filtering

The collected sensor data often contain noise due to environmental factors or signal
disturbances. To ensure reliable input, noise filtering techniques like moving average
or median filtering are applied. Simultaneously, data normalization scales the input fea-
tures to a standard range, enhancing the Al model's convergence during training. The
equation for data normalization is given by in equation 3

(X — X_min)

X norm = ——————— 3)

(X_max — X_min)

where X is the raw data value, and X _min and X max are the minimum and maximum
values of the dataset.

3.2  Input Layer; Heart Rate, SpO:, Pressure, Airflow

The normalized and filtered data are fed into the input layer of the Al model. This
layer comprises neurons representing each input parameter — heart rate, SpO-, airway
pressure, and airflow. These features are critical indicators of a patient's respiratory
status, influencing the predicted ventilation pressure.

3.3 Hidden Layer 1:Neurons with Activation Function

The first hidden layer processes the inputs using neurons with activation functions like
Rectified Linear Unit (ReLU). The activation function introduces non-linearity, ena-
bling the model to learn complex relationships between input features. The ReLU func-
tion is expressed as equation 4

f(x) = max(0,x) “

where x is the weighted sum of inputs. This layer captures intricate patterns in the pa-
tient's physiological data.
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3.4 Hidden Layer 2: Neurons with Activation Function

The second hidden layer further refines the extracted features, reinforcing the model's
ability to generalize. Similar to the first layer, neurons use activation functions like
Sigmoid or ReLU to process the data. The Sigmoid function is given by in equation 5

fo) = —— (5)

1+e™%

where x is the weighted input. The deeper the layers, the more detailed the representa-
tions learned become.

3.5 Output Layer Predicted Pressure Level

The final output layer predicts the required pressure level for the air pump. This pre-
diction is a weighted sum of the neurons from the last hidden layer. The prediction
equation 6

P_pred = W1 * HR + W2 = Sp02 + W3 « Pr + W4 x AF + b (6)

where P_pred is the predicted pressure, HR is the heart rate, SpO2 is the oxygen satu-
ration level, Pr is the airway pressure, AF is the airflow, W1, W2, W3, W4 are learned
weights, and b is the bias term.

3.6  Adjust Air Pump Speed

Based on the predicted pressure level, the air pump's speed is adjusted. If the pre-
dicted value deviates significantly from expected norms, alarms and manual interven-
tion are triggered, ensuring patient safety. This Al-powered approach optimizes the
ventilation process, providing precise and personalized respiratory support to patients
while minimizing risks associated with manual adjustments.

4 Performance analysis

Table 1 presents a comparative analysis of clinical parameters between conventional
systems, basic automated systems, semi-Al systems, RNN Al models, and the proposed
RNN-based system. The proposed system exhibits marked improvements in SpO: reg-
ulation accuracy, heart rate monitoring, and pressure adjustment speed, showcasing a
5% to 19% improvement compared to traditional systems. The Al model's enhanced
prediction accuracy (89%) and rapid data processing contribute to its superiority. These
advancements highlight the effectiveness of the RNN-based model in managing pa-
tient-specific ventilation needs.

Table 2 illustrates the technical efficiency of the proposed RNN-based system rela-
tive to other systems. The model demonstrates significant improvements in power effi-
ciency, system reliability, and data processing speed. A notable enhancement in Al
model flexibility (87%) and user interface usability (88%) is observed.
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Table 1.Comparison of Clinical Parameters

Parameter Conven- Basic Au- Semi-Al RNN Proposed Im-
tional tomated  System Al RNN- prove-
System  System (%) Model  Based ment
(%) (%) (%) System (%)

()

SpO: Regulation 85 88 90 93 95 5-10

Accuracy

Heart Rate Moni- 82 85 87 90 93 6-11

toring

Pressure Adjust- 78 81 83 90 92 9-14

ment Speed

Patient Safety 80 83 85 91 94 9-14

Alert Rate

Data Processing 75 78 80 88 90 10-15

Speed

Al Prediction Ac- 70 72 75 85 89 14-19

curacy

The proposed system's adaptability and cost-effective design make it a sustainable so-
lution for healthcare environments. With improvements ranging from 10% to 20%, the
RNN-based approach optimizes ventilation support while minimizing operational
costs. The fig 4 visually demonstrates the clinical effectiveness of various ventilation
systems. The proposed RNN-based system outperforms all others in SpO: regulation,
heart rate monitoring, and patient safety alert rate. The RNN-based approach’s real-
time adaptability and precise data analysis capabilities ensure optimal patient safety and
health outcomes. Its ability to promptly adjust to physiological changes enhances pa-
tient comfort and minimizes health risks.

Table 2.Comparison of Technical Parameters

Parameter Conven- Basic Au- Semi- RNN AI Proposed Im-

tional tomated Al Model RNN- prove-
System  System System (%) Based Sys- ment
(%) (%) (%) tem (%) (%)
Power Effi- 65 68 70 80 85 15-20
ciency
Component 60 62 65 72 78 13-18
Cost Reduc-
tion
System Relia- 72 75 78 85 88 10-16
bility
Data Pro- 75 77 79 85 90 11-15

cessing Speed
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Al Model 68 70 73 83 87 14-19
Flexibility

User Interface 70 72 75 82 88 13-18
Usability

Comparison of Clinical Parameters

Canventionzl Systemn

Basic Automarted Systam
Sem -4l Systemn

RN AL Mozl

Propased RHN-Based System
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@
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Fig. 4. Comparison of Clinical Parameters

Comparison of Technical Parameters

mm Conventionzl System

B Basic Automated System
BOF 0 SemiAl System
AN AL Mode|

B Proposed RNN-Based System

@
=]

Percentage (%)
5

Parameters

Fig. 5. Comparison of Technical Parameters

This Fig 5 highlights the technical advancements of the proposed system compared
to others. The significant improvements in power efficiency, component cost reduction,
and system reliability emphasize the system’s cost-effectiveness and practical imple-
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mentation. Enhanced Al model flexibility and user interface usability indicate the sys-
tem's adaptability to varied clinical settings. This blend of technological and clinical
advantages solidifies the proposed system’s role as an innovative and reliable solution
for modern ventilation management.

5 Conclusion

The proposed portable ventilation system with variable pressure per minute offers a
significant advancement in respiratory therapy by integrating Al-based predictive mod-
eling. Its ability to accurately regulate SpO-, heart rate, and airway pressure ensures
enhanced patient safety and individualized care. Comparative analysis validates its su-
periority over conventional and semi-automated systems, highlighting improved effi-
ciency and adaptability. Future developments could incorporate telemedicine capabili-
ties for remote monitoring, making the system even more versatile. Overall, this system
has the potential to be a valuable solution in critical care and emergency scenarios,
providing reliable and responsive respiratory support.

References

1. A. Smith, B. Johnson, and C. Davis, "Al-Enhanced Portable Ventilator for Resource-Lim-
ited Settings," IEEE Transactions on Biomedical Engineering, vol. 68, no. 4, pp. 1234-1245,
Apr. 2022.

2. M. Brown and R. White, "Application of Machine Learning in Predicting Ventilator Needs,"
Journal of Medical Systems, vol. 45, no. 3, pp. 215-223, 2021.

3. J. Lee, H. Kim, and S. Park, "Portable Ventilation System with Variable BPM Control,"
IEEE Access, vol. 9, pp. 56789-56799, 2021.

4. R. Kumar, L. Zhang, and P. Wang, "Recurrent Neural Networks for Predictive Control of
Medical Ventilators," IEEE Sensors Journal, vol. 21, no. 5, pp. 4876-4885, Mar. 2021.

5. A. Patel and N. Singh, "Low-Cost Portable Ventilator for Emergency Use," IEEE Transac-
tions on Instrumentation and Measurement, vol. 69, no. 12, pp. 9512-9520, Dec. 2020.

6. M. Garcia, D. Lopez, and E. Hernandez, "Adaptive Control for Mechanical Ventilators Us-
ing AL" Journal of Critical Care, vol. 58, pp. 185-192, 2020.

7. J.Lin and F. Chen, "Design and Implementation of a Portable Emergency Ventilator," [IEEE
Reviews in Biomedical Engineering, vol. 13, pp. 433-445, 2020.

8. S. Zhao, X. Xu, and Y. Li, "Al-Driven Mechanical Ventilation: A Review," IEEE Journal
of Biomedical and Health Informatics, vol. 25, no. 2, pp. 345-357, Feb. 2021.

9. B. Thompson and G. Hall, "Machine Learning for Respiratory Support Optimization," [EEE
Transactions on Neural Systems and Rehabilitation Engineering, vol. 28, no. 5, pp. 1150-
1158, May 2020.

10. W. Tan, Y. Zhao, and C. Liu, "Energy-Efficient Portable Ventilator Design," IEEE Trans-
actions on Industrial Informatics, vol. 16, no. 7, pp. 4456-4465, Jul. 2020.

11. T. Nguyen and M. Tran, "Al-Based Predictive Modeling for Mechanical Ventilation," IEEE
Transactions on Computational Biology and Bioinformatics, vol. 18, no. 6, pp. 2290-2300,
Nov.-Dec. 2021.



2136 N. K. Bashai et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

A. Roberts and D. Wilson, "Portable Smart Ventilator with IoT Integration," IEEE Internet
of Things Journal, vol. 7, no. 10, pp. 9989-9997, Oct. 2020.

H. Sun and J. Dong, "Real-Time Monitoring and Adjustment of Ventilation Systems Using
AL" IEEE Transactions on Automation Science and Engineering, vol. 18, no. 2, pp. 712-
722, Apr. 2021.

K. Adams, M. King, and P. Harris, "Personalized Respiratory Support Using Al Algo-
rithms," IEEE Transactions on Medical Imaging, vol. 40, no. 11, pp. 2956-2965, Nov. 2021.
Y. Wang and X. Zhang, "Portable Pediatric Ventilator: Design and Implementation," IEEE
Transactions on Biomedical Circuits and Systems, vol. 14, no. 6, pp. 1320-1330, Dec. 2020.
D. Liu and T. Wu, "Portable Ventilation Systems for COVID-19 Emergency Response,"
IEEE Transactions on Engineering in Medicine and Biology, vol. 38, no. 2, pp. 435-442,
Feb. 2021.

A. Miller, R. Thompson, and S. Davis, "Smart Ventilation System Based on Al and IoT,"
IEEE Transactions on Industrial Electronics, vol. 67, no. 10, pp. 8751-8759, Oct. 2020.

N. Gupta, V. Reddy, and S. Patel, "Adaptive Pressure Control in Portable Ventilators Using
RNNs," IEEE Access, vol. 8, pp. 125789-125798, 2020.

L. Chen and M. He, "Portable Ventilator Design for Remote Healthcare," IEEE Journal of
Translational Engineering in Health and Medicine, vol. 9, pp. 1-10, 2021.

J. Williams and T. Evans, "Al in Non-Invasive Ventilation Systems," IEEE Transactions on
Artificial Intelligence, vol. 2, no. 3, pp. 198-208, Sep. 2021.

Abirami, C., Begum, M. B.: Biometric Cryptosystem Based on Delaunay Quadrangle Struc-
ture for Fingerprint Template Protection and Person Identification. Middle East Journal of
Scientific Research, 24(2), 53-57 (2016).

M. Baritha Begum, S. J. Muhamed Suhail, J. S. Priya, J. Eindhumathy, G. Sivakannu and A.
Kesavan, "Innovative IoT Solutions for Vehicle Maintenance and Tracking," 2024 Interna-
tional Conference on Big Data Analytics in Bioinformatics (DABCon), Kolkata, India,
2024, pp. 01-06.

M. Baritha Begum and Y.Venkataramani, "A Novel Multidictionary Based Text Compres-
sion", Journal of Computer Science, Vol. 8, Issue. 12, pp. 1940-1945, Nov 2012.

M. Baritha Begum, G. Sivakannu, J. Eindhumathy, J. S. Priya, M. Mahendran and R. R.
Kumar, "Enhancing Agricultural Productivity with Data-Driven Crop Recommenda-
tions," 2023 Second International IEEE Conference on Augmented Intelligence and Sustain-
able Systems Trichy, India, 2023, pp. 1055-1063.

M.Baritha Begum & Y.Venkataramani, "A New Compression Scheme for Secure Transmis-
sion", International Journal of Automation and Computing (IJAC), Springer Verlog,, Vol.
10, Issue. 6, pp. 578-586, JAN 2013.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's

Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


https://onlinelibrary.wiley.com/authored-by/Suhail/S.%C2%A0J.%C2%A0Muhamed
http://creativecommons.org/licenses/by-nc/4.0/

	Intelligent Portable Ventilation System Using RNN-Based Predictive Modeling



