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Abstract

Cardiopulmonary disorders, including Atrial Fibrillation (AFib) and Obstructive Sleep Apnea
(OSA), are leading causes of mortality worldwide, often remaining undiagnosed until critical
stages. This paper presents an innovative health monitoring system utilizing Internet of Things
(IoT) technology to measure vital signs such as heart rate, oxygen saturation, electrocardiogram
(ECG), and body temperature. The system collects real-time data through wearable sensors and
employs advanced data analytics to predict health risks associated with cardiopulmonary
conditions. Alerts are generated when abnormal readings are detected, enabling proactive
interventions. The system is designed for both individuals and healthcare providers, offering a
personalized health dashboard with historical trends, visualizations, and health recommendations.
By integrating cloud-based storage and continuous monitoring, the solution provides a novel
approach to preventive care and remote health management, empowering users to make informed
decisions and seek timely medical advice.

I. CONCEPT

A. Project Context

Cardiopulmonary disorders, or “Cardiorespiratory Disorders,” refer to health conditions where
abnormalities in heart and respiratory functions are interconnected, making them interdependent. Two
significant diseases within this category are Atrial Fibrillation (AFib) and Obstructive Sleep Apnea
(OSA). AFib primarily falls under cardiovascular disorders as a specific type of arrhythmia, while OSA
is categorized as a sleep-related breathing disorder. Both conditions are interrelated, with one potentially
influencing the other, necessitating a holistic approach to management that addresses both cardiac and
respiratory health.

Cardiorespiratory diseases have been the leading cause of death worldwide over the last few decades
across developed, underdeveloped, and developing countries. Early detection and continuous monitoring
can significantly reduce mortality rates. However, accurate detection of heart diseases in all cases and
24-hour consultation by a doctor is not feasible, as it requires substantial expertise and time.

Recent advancements in wearable health technology have shown promise in addressing these
challenges. For instance, devices like the Apple Watch have introduced features capable of detecting
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conditions such as sleep apnea, increasing awareness, and prompting timely medical consultations [1].
Similarly, innovations like the “smart pajamas” developed by researchers at the University of
Cambridge can monitor sleep disorders at home, providing continuous data on respiratory patterns [2].

B. ProblemStatement

. How to develop a system for measuring a person’s vital signs, such as blood pressure and blood
glucose, tracking their health over time, and providing insights and recommendations for
maintaining or improving their well-being?

. How to create a solution that effectively identifies advanced health risks and issues in users’ vital
signs data, providing timely notifications and encouraging them to seek medical advice or lifestyle
changes for early intervention and prevention?

C. Objectives

. Measure individuals’ vital signs.
. Predict users’ risk levels.
. Notify users in case of health concerns.

. Assist users in tracking their health status.

I1. CLIENT

Our potential clients include individuals interested in proactive health monitoring, such as health-
conscious individuals, patients with chronic conditions, seniors, and health and wellness professionals.
The product could also be adapted for use by healthcare facilities and insurance providers.

Recent developments in the health monitoring industry indicate a growing interest in integrating
advanced monitoring systems into consumer products. For example, Withings has introduced a
telemedicine service that includes cardiologist reports based on data collected from their devices, aiming
to provide actionable feedback from complex health data [3]. Additionally, partnerships like that
between DexCom and OURA aim to provide users with comprehensive health data by integrating
glucose monitoring with tracking of heart rate, activity, sleep, and stress [4].

II1. FUNCTIONAL NEED
A. Sensors and loT Network

In an IoT-based health monitoring system, it is essential to accurately identify the individual
measuring to manage multiple users effectively. An LED indicator should be activated to notify the user
that the measurement process is in progress. The system should enable users to measure the following
parameters:

. Heart Rate (HR): A vital sign reflecting cardiovascular health. Variations in heart rate can indicate
conditions such as arrhythmias, stress, or physical activity levels, making it a valuable parameter for
assessing overall cardiac well-being [5].

. Oxygen Saturation (SpO2): Monitoring oxygen saturation is crucial for assessing the efficiency of
the respiratory system in delivering oxygen to the body’s tissues. Low oxygen saturation can be an
early indicator of respiratory issues, sleep apnea, or cardiovascular problems [5].
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. Electrocardiogram (ECG): ECG data provides a detailed analysis of the heart’s electrical activity
and is indispensable for the early detection of arrhythmias, heart diseases, and other cardiac
abnormalities [5].

. Temperature (TEMP): Body temperature is a key indicator of health status and can aid in the early
detection of infections, inflammations, or fever, which may be symptoms of various diseases [5].

A display should present the value of each sensor. The sensors must transmit data to the central unit,
which stores it in the cloud. An alert system is necessary to notify the user of issues such as elevated or
low heart rate, temperature, or oxygen saturation. This system should allow for variableduration alerts
and allow users to disable them.

B. Progressive Web Application (PWA)
The PWA should enable users to:

. View results, including graphs for ECG, heart rate, and temperature trends, with options to select the
visualization period.

. Predict their health status, assessing whether they are healthy or at risk of future illnesses.

. Utilize Location-Based Services (LBS) to determine the user’s location, allowing for the collection
of environmental data such as temperature and humidity. This integration enhances the model by
contextualizing the user’s temperature readings based on environmental conditions.

. Activate an alert system in the event of detected health anomalies.

IV. MACHINE LEARNING INTEGRATION

A. Model Development

The primary objective is to develop a machine learning model capable of accurately predicting an
individual’s risk of cardiopulmonary disorders. This model will utilize health indicators such as heart
rate, oxygen saturation, ECG data, body temperature, and ambient environmental temperature. It should
output a risk level score ranging from 0 (low risk) to 5 (high risk), aiming for a minimum accuracy of 95
B. MLOps Implementation

Implementing Machine Learning Operations (MLOps) is crucial for the continuous improvement and
management of the machine learning model. Key aspects include:

1) Automated Model Training and Deployment: Automate the training process using health and
environmental data, followed by deployment to ensure real-time predictions and updates [6].

2) Continuous Monitoring: Utilize MLOps tools to continuously monitor model performance, assess
accuracy, and identify any deviations or drift, ensuring the model remains effective over time [6].

3) Alerts and Notifications: Implement automated alerts and notifications to users when the model
detects potential cardiopulmonary disorders, encouraging timely action and medical consultation.

4) Data Versioning and Tracking: Employ MLOps practices for data versioning and tracking,
preserving historical health information for reference and analysis.

5) Security and Compliance: Implement stringent security measures to protect user health data,
ensuring compliance with data privacy regulations through encryption, access controls, and data
anonymization.
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6) Model Performance Optimization: Utilize MLOps to optimize model performance, including
hyperparameter tuning and efficient resource allocation, to ensure accurate predictions.

7) Feedback Loop: Integrate user feedback into the MLOps process to enhance the model’s accuracy
and its ability to provide relevant and actionable insights.

The MLOps implementation is essential for maintaining the accuracy, security, and reliability of the
cardiopulmonary disorder prediction model, ensuring it evolves to meet the changing needs of users and
environmental conditions.

V. EQUIPMENT
After conducting research, the following elements have been identified as necessary:

. MAX30102 Pulse sensors: These sensors are used for heart rate and oxygen saturation
measurements. They integrate red and infrared LEDs, a photodetector, optical components, and low-
noise electronic circuitry with ambient light suppression [7].

. LM35-DZ: A temperature sensor that provides a linear output proportional to the Celsius
temperature [8].

. ADS8232: An ECG module designed to extract, amplify, and filter small biopotential signals in the
presence of noisy conditions, ideal for heart rate monitoring applications [9].

. Raspberry Pi 4: A versatile single-board computer suitable for interfacing with various sensors and
handling data processing tasks. Raspberry Pi 3 is also appropriate; alternatively, an Arduino with a
screen can be used [10].

. Buzzer: Used for sound notifications.

. LED: Serves as a visual notification indicator; any color can be used.

. 220 gresistor: Used to limit current to the LED, preventing damage.

. Camera: A camera with a minimum resolution of 160x160 pixels for capturing images at a distance
of 20 cm.

. Connecting wires: Essential for establishing electrical connections between components.

VI. TECHNOLOGIES CHOICE
A. Back-end

. MongoDB: A NoSQL document-oriented database used for storing user data. It is practical and
integrates seamlessly with Jakarta EE [11].

- MQTT: A lightweight publish-subscribe network protocol used to communicate sensor data to an
MQTT broker in the cloud [12]. B. Middleware

. JAX-RS: Java API for RESTful Web Services, providing a Java programming interface for creating
web services with a REST architecture [13].

. WildFly: Formerly known as JBoss Application Server, WildFly is a free and open-source Java EE
application server written in Java and released under the GNU LGPL license. It can be used on any
operating system that provides a Java virtual machine [14].

. Mosquitto: A widely used MQTT broker that serves as an intermediary for efficient and reliable
messaging between loT devices and the back-end system [15]. C. Front-End

. Progressive Web App (PWA): A PWA is a crossplatform web application that provides a native-like
experience to users. It allows development for multiple platforms using web technologies like
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HTML, CSS, and JavaScript. PWAs are efficient to code and do not require extensive prior web
development knowledge [16].

D. loTIntegration

* Flogo: An open-source project designed for creating lightweight, event-driven microservices and
workflows, making it suitable for orchestrating data flows, data preprocessing, and automation in IoT
scenarios [17]. E. MLOpslIntegration

In the MLOps integration,utilized a suite of technologies to streamline the operational management
of machine learning models, ensuring their continuous accuracy and reliability. Key components
include:

1)

2)

3)

5)

6)

7)

8)

CI/CD Pipeline: the continuous integration and continuous deployment pipeline, powered by
Jenkins, is central to the MLOps strategy [18].

Testing Technologies: For model validation and data quality assurance, employed PyTest and
Selenium.

These

frameworks aid in verifying the functionality and reliability of the health monitoring system,
ensuring accurate data processing [19], [20].

Development Technologies: Leveraged Python and Jupyter Notebook for model development and
experimentation, providing a versatile environment for creating and fine-tuning the machine
learning models [21], [22]. 4) Monitoring and Logging: the system relies on Prometheus and
Grafana for monitoring and logging, allowing us to track model performance and detect anomalies,
ensuring continued effectiveness [23], [24].

Data Management: MongoDB serves as the database technology, offering a robust solution for
storing and managing user data, health records, and environmental information [11].

Security Measures: To safeguard sensitive user data, implemented encryption and access control
using HashiCorp Vault [25].

Containerization: Docker containers are used for efficient deployment and scaling, ensuring
consistency and ease of management in the system [26].

Stream Processing: Apache Kafka is employed to handle real-time data streams from sensors,
enabling timely updates and notifications in the health monitoring system [27].

VII. ARCHITECTURE

CLouD PWA APP

P

Atlas

Fig. 1. Architecture
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The diagram above describes the main architecture of the Health monitoring system, which is mainly
composed of

Backend, Middleware, and Frontend.BackendonDeployment diagram

VIL TIMELINE AND TASKS
The explanation above shows the Gantt diagram, which graphically represents the project’s progress
and the length of each process.

IX. METHODOLOGY

Throughout the project, utilized Extreme Programming (XP), an Agile software development
framework renowned for its commitment to delivering superior software quality and

Fig. 2. Deployment Diagram

B. Process

The XP framework normally involves 5 phases or stages of the development process that iterate
continuously:

1)

2)

3)

4)

Planning: In the initial stage, created user stories and define the desired outcomes. Requirements
are provided, and to estimate the stories, creating a release plan that breaks the project into
iterations to cover the required functionality incrementally. If certain stories cannot be accurately
calculated, introduced “’spikes,” indicating that further research is necessary.

Design: While designing i1s an integral part of the planning process, it is essential enough to be
highlighted separately. It is closely tied to one of the core XP values,

a well-thought-out design brings logical structure to the system, helped in avoiding unnecessary
complexities and redundancies.

Coding: This phase involves the actual implementation of code, and it follows specific XP
practices, including adherence to coding standards, pair programming, continuous integration, and
collective code ownership.

Testing: Testing is at the heart of Extreme Programming. It is an ongoing activity encompassing
both unit tests, which are automated tests that verify the proper functioning of individual features,
and acceptance tests, where customers assess whether the system aligns with the initial
requirements.
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5) Listening: Listening emphasizes continuous communication and feedback. Coaches and project
managers play a pivotal role in conveying the business logic and expected value to the team,
ensuring a shared understanding of the project’s goals and requirements.

Fig. 3. Gantt Diagram

Enhancing the personal satisfaction of the development team. This methodology is exceptionally well-
suited to the project due to its adaptability. It is specifically tailored for short-duration projects where
last-minute requirement changes are common,

A. Principles
XP’s principles align with those of agile methodologies but are distinguished by their extreme emphasis.
XP is founded on:

e High responsiveness to changing customer needs.

e Teamwork, in this context, is represented by Pair Programming.

e Delivering high-quality work.

e Early, high-quality testing.

communication and feedback. Coaches and project managers play a pivotal role in conveying the
business logic and expected value to the team, ensuring a shared understanding of the project’s goals
and requirements.
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EXTREME PROGRAMMING LIFECYCLE

Requirements
Customer’s user

stories

Coding

Continuous integration

Unit testing

Fig. 4. Extreme programming life-cycle
X. LIMITATIONS

In the development of the healthcare monitoring system, it’s important to anticipate and address

various challenges that may arise during its implementation.

. Internet Connectivity Interruptions: One limitation lies in the reliance on internet connectivity. In
cases of internet outages, real-time monitoring and user alerts for critical health changes may not be
achievable. [28]

. Sensor Data Accuracy: There’s the possibility of false alarms due to inaccuracies in sensor data or
anomalies detected by the algorithm, potentially causing unnecessary concerns for users. [29]

. Proximity of [oT Devices: The correct identification of health data may be affected by the proximity
of IoT devices to each other. If [oT devices are placed very closely, they might detect changes in
neighboring devices, impacting the accuracy of the data. [30]

. Sensor Placement and Thresholds: Placing the [oT sensors correctly is critical. Inaccurate placement
or poorly defined thresholds for measured metrics may lead to misinterpretations and unnecessary
alerts. [31]

. Data Volume and Processing: Handling a large volume of health data generated by multiple users
and devices can be challenging. Processing and analyzing this data efficiently is essential for
providing real-time insights. [28]

. Cybersecurity Risks: Increased connectivity of medical devices raises cybersecurity concerns, such
as unauthorized access and data breaches. Ensuring robust security measures is crucial to protect
patient data. [32]

. User Adoption and Training: The effectiveness of wearable health technologies depends on user
willingness and proper training. A lack of motivation or understanding can hinder successful
implementation. [28]
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XI. BUSINESS STUDY

The Business Study section provides an overall view of the project’s business model and marketing
policy.
A. Business Model Canvas (BMC)

The Business Model Canvas serves as a visual representation of the project’s main aspects, such as
value proposition, customer segmentation, channels, cost structure, revenue stream, and more. The
BMC is depicted in the figure below:

Business Model Canvas
Activities Values Customers
-Sensor Data collection ’ -User Support Health-Conscio
loT Device -Application User-Friendly -User Feedback us Individuals
Suppliers Development App -Protects users
-IoT Integration data
~Cloud C t
T joud Communication e } Pag f,"‘s with
Professionals Predictions o
Conditions
Resources
Cloud Service Health -Online Platforms Seniors in need
Providers -loT Sensors ’ Monitoring -Social Media of continuous
-Hardware health

infrastructure

monitorin:
-Software 9

Sensor Costs Payments generated by
Development Costs users
Maintenance and marketing

Fig. 5. Business Model Canvas

B. Marketing policy

Marketing policy is focused on delivering value to the customers while maintaining a strong market
presence. It encompasses the following aspects:

1) Product:

. A sophisticated IoT component architecture for seamless health monitoring.

. Efficient management of health monitoring with mobile applications.

. Integration of Location-Based Services (LBS) to deliver precise health insights.

. Continuous algorithm improvement through MLOps for enhanced accuracy.

2) Price:

. Competitive pricing with customizable rates to suit individual users and healthcare institutions.

. Assurance of warranty and after-sales service.

3) Promotion:

. A multi-channel approach has been used for promotion, including digital marketing, partnerships

with healthcare providers, and user referrals.
. Collaborative advertising with trusted partners to expand the reach and impact.
4) Place:

* The services are accessible through web platforms and mobile applications, making it convenient for
users to access health monitoring.
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XII. DELIVERABLES

. Conceptual Document: This document presents in a detailed and structured manner the
specifications and the services to be provided.

. Source code of the various project components on GitHub

. Prototype/simulation of the intelligent healthcare monitoring system.

. Demonstration Video: An mp4 format video that contains a demonstration of the proposed solution.

XIII. CONCLUSION

This study highlights the significant impact of Electrical Muscle Stimulation (EMS) on waist
circumference reduction in adults with abdominal obesity. The findings suggest that EMS when
integrated with a balanced lifestyle, can serve as an effective supplementary method for managing
abdominal obesity. While the results demonstrate promising outcomes, further research is necessary to
explore long-term effects, optimal stimulation parameters, and potential variations across different
population groups. Future studies should also investigate the physiological mechanisms underlying
EMS-induced fat loss to enhance its clinical applicability. Overall, EMS presents a non-invasive,
convenient approach to obesity management, offering potential benefits in addressing global health
concerns related to metabolic disorders and cardiovascular risks.
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