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Abstract: This abstract presented as an innovative Varicose Vein Patient Monitoring System leveraging Internet of Things
(10T) technology in conjunction with a mobile application. Varicose veins are a common vascular condition that requires
continuous monitoring to manage symptoms effectively. The proposed system aims to enhance patient care and management
by providing real-time monitoring, personalized insights, and remote communication with healthcare providers. The system
consists of wearable 10T sensors strategically placed on the patient's legs to monitor key physiological parameters associated
with varicose veins, including temperature, pressure, and activity levels. These sensors continuously collect data and
transmit it wirelessly to a centralized server or cloud platform for analysis. A user-friendly mobile application is developed
to interface with the 10T sensors, allowing patients to access their varicose vein data in real time. The mobile app provides
a dashboard displaying personalized insights, such as displaying temperatures, humidity, SPo2, Heart Rate, etc. of the
patient.
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l. INTRODUCTION

1.1 Overview:

Varicose disease, a prevalent vascular condition characterized by the anomalous enlargement and convoluting of veins, poses a
considerable health challenge affecting a diverse demographic. The implicative insinuations of varicose disease elongate beyond
mere cosmetic concerns, often causing discomfort, pain, and potential complications if not addressed promptly. Apperceiving the
desideratum for perpetual and proactive monitoring, this paper introduces an innovative Internet of Things (loT)-predicated
monitoring system tailored for the dynamic and personalized management of varicose disease. The intersection of 10T technologies
and healthcare has paved the way for transformative solutions, offering genuine-time data amassment and astute analytics. In the
case of varicose disease, this 10T-predicated monitoring system employs wearable contrivances with integrated sensors to capture
and transmit crucial physiological data. These wearables are unobtrusive implements, that perpetually monitor parameters such as
blood flow, temperature, and other germane bespeakers. The accumulated data forms the substratum for a comprehensive
understanding of the patient's vascular health.

Over the past few years, there has been a notable surge in the advancement and utilization of groundbreaking healthcare technologies
with the goal of elevating patient care and enhancing health results. Among these innovations is the Patient Health Monitoring
System, which integrates Internet of Things (1oT) technology with mobile applications. This system marks a significant departure
in healthcare delivery, enabling real-time monitoring and remote patient management and personalized healthcare interventions.
The convergence of 10T and mobile applications has revolutionized patient health monitoring by enabling continuous, non-invasive
monitoring of vital signs and health parameters. With the proliferation of wearable sensors and smart devices, patients can now
track their health metrics seamlessly and effortlessly, facilitating proactive management of chronic conditions and early detection
of health issues.

The primary objective of a Patient Health Monitoring System using 10T and mabile applications is to empower patients to take an
active role in managing their health and well-being. By leveraging loT-enabled sensors, such as wearable fitness trackers, blood
pressure monitors, and glucose meters, patients can collect a wealth of health data in real-time. This data is then transmitted
wirelessly to a centralized platform (fire base) for analysis and interpretation.
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Mobile applications function as the conduit through which patients retrieve their health information, receive tailored insights, and
interact with healthcare professionals. These apps offer user-friendly dashboards that showcase essential indicators, patterns, and
notifications, empowering patients to track their health status from any location and at any time.

1.2 Project Aim:
The project aims to enhance the management and care of patients with varicose veins by providing continuous monitoring,

personalized insights, and remote communication with healthcare providers. The objective of this system is to enhance patient
outcomes, boost patient involvement, and enable preemptive action to mitigate complications linked to varicose veins.

1.3 Problem Statement:
Problem Statement: Varicose veins are a prevalent vascular disorder characterized by twisted, swollen veins that often cause

discomfort, pain, and complications such as ulcers and blood clots. Despite the availability of treatment options, the management
of varicose veins remains suboptimal due to limited real-time monitoring, inadequate patient engagement, and challenges in timely
intervention. Traditional healthcare approaches often lack continuous monitoring capabilities and personalized insights, leading to
delayed detection of symptoms and suboptimal treatment outcomes. Additionally, the lack of remote communication channels
between patients and healthcare providers hinders timely intervention and exacerbates patient concerns. This problem statement
emphasizes the need for a comprehensive Varicose Vein Patient Monitoring System that leverages Internet of Things (lIoT)
technology and mobile applications to address the following key challenges:

e Lack of Continuous Monitoring: Existing monitoring methods for varicose veins are often sporadic and do not provide
real-time insights into the patient's condition, leading to delays in symptom detection and treatment.

¢ Inadequate Patient Engagement: Patients with varicose veins may lack awareness of their condition and struggle to adhere
to treatment regimens due to a lack of personalized guidance and support.

e Limited Remote Communication: Traditional healthcare models do not facilitate remote communication between patients
and healthcare providers, hindering timely intervention and exacerbating patient concerns.

Addressing these challenges requires the development of a Varicose Vein Patient Monitoring System that offers continuous
monitoring capabilities, personalized insights, and remote communication channels to empower patients and improve treatment
outcomes. Such a system would enable proactive management of varicose veins, enhance patient engagement, and facilitate timely
interventions, ultimately leading to improved quality of life for patients with varicose veins.

1.4 Literature Survey:

1 "Varicose Veins: A Comprehensive Review" by Raffaele Serra et al. (2016)

This review provides an extensive overview of varicose veins, including their pathophysiology, risk factors, clinical presentation,
diagnosis, and treatment options.

2 "Varicose Veins: Epidemiology, Diagnosis, and Treatment" by Alok Kumar et al. (2017)
The authors present a detailed review of the epidemiology, diagnosis, and treatment modalities for varicose veins, including
traditional and emerging techniques.

3 "Varicose Veins: A Review" by M. Shanthi Priya et al. (2016)
This review article covers the etiology, pathophysiology, clinical features, diagnosis, and management strategies for varicose veins,
with a focus on conservative and surgical treatments.

4 "Modern Management of Varicose Veins: A Review" by Nils Kucher et al. (2018)
The authors discuss the modern management of varicose veins, including the use of endovenous techniques, foam sclerotherapy,
and minimally invasive surgical procedures. They also review recent advancements in the field.

5 "Non-Invasive Diagnostic Methods in the Assessment of Varicose Vein Patients" by George N. Kouvelos et al. (2019)

This review article evaluates various non-invasive diagnostic methods used in the assessment of varicose vein patients, such as
duplex ultrasonography, photoplethysmography, and air plethysmography.

6 "Telemedicine in the Management of Varicose Veins: A Systematic Review" by Laura C. Ruston et al. (2020)

The authors conduct a systematic review of studies investigating the use of telemedicine for the management of varicose veins,
including remote consultations, digital imaging, and patient education.

7. "A Systematic Review of Mobile Health Applications for the Diagnosis and Management of Varicose Veins" by Veronica Yank
etal. (2018)
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This systematic review evaluates the role of mobile health applications in the diagnosis and management of varicose veins, including
their effectiveness, usability, and patient outcomes.

8. "The Role of Wearable Devices in the Monitoring and Management of Varicose Veins: A Review" by Sarah A. Watson et al.
(2021)

The authors review the emerging role of wearable devices, such as smart compression stockings and activity trackers, in the

monitoring and management of varicose veins, highlighting their potential benefits and limitations.

Il. RESEARCH METHODOLOGY
2.1 Proposed Solution:

The primary objective of this project is the development and implementation of an intelligent patient health tracking system. As
depicted in Fig. 2.3.2.2, the proposed system integrates sensors into the patient's body to monitor temperature and heartbeat.
Additionally, two sensors are strategically placed to monitor room humidity and temperature. These sensors transmit data to a
central control unit, which processes information from all four sensors. Subsequently, the control unit sends calculated values to an
loT cloud platform, making the data accessible to a base station. Users can access this information through a mobile application.
Furthermore, the wearable sensor includes an OLED screen for direct viewing of vital signs. Continuous monitoring of temperature,
heartbeat, and room conditions allows healthcare professionals to remotely assess the patient's condition, facilitating timely
decision-making and appropriate medical interventions.

2.2 Sensors Working:

2.2.1 DHT11

The DHT11 sensor measures temperature and humidity in the surrounding environment using internal sensing elements. It converts
these measurements into digital signals and communicates them to external devices through a single-wire digital interface.

Temperature = (°C) = [raw ADC value*5/4095- (400/1000)]*(19.5/1000)

2.2.2 MAX3010
the MAX3010 sensor works by emitting light into the tissue, measuring the intensity of light received, and processing this data to
provide accurate measurements of oxygen saturation and heart rate.

BPM (Beats per minute) = 60*f, where f is the pulse frequency
2.2.3 Humidity Sensor
the MAX3010 sensor works by emitting light into the tissue, measuring the intensity of light received, and processing this data to
provide accurate measurements of oxygen saturation and heart rate.

Voltage = (ADC Value/1023.0)*5.0; Percent relative humidity = (Voltage-0.958)/0.0307;

2.3 Experimental Setup:

The sensors for body temperature, humidity, and pulse rate are continuously monitored and initially showcased on an LCD screen,
as outlined in the flowchart depicted in Fig. 2.3.2.1. Specifically, data from the body temperature and pulse rate sensors are recorded
and stored in the database for further analysis.

2.3.1 System Design and Requirements Gathering:

o Define the objectives and requirements of the patient monitoring system, including the parameters to be monitored
(temperature, humidity, and SpO2), frequency of data collection, user interface requirements, and alarm/notification
mechanisms.

e Determine the hardware components needed, such as DHT11 sensors, SpO2 sensors, ESP8266 module, microcontroller
(e.g., Arduino), power supply, and enclosure.
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2.3.2 Hardware Setup:

Figure 2.3.2.1 Hardware Setup on board

e Connect the DHT11 sensor to the microcontroller to measure temperature and humidity. Follow the manufacturer's
datasheet or guidelines for wiring and configuration.

e Connect the SpO2 sensor to the microcontroller. Depending on the sensor type, you may need to follow specific
instructions for wiring and interfacing with the microcontroller.

e Integrate the ESP8266 module with the microcontroller to enable Wi-Fi connectivity for data transmission.
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Figure 2.3.2.2 Circuit Diagram for proposed system
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Figure 2.3.2.3 Block Diagram for proposed system

2.3.3 Software Development:
e  Write firmware or software for the microcontroller to read data from the DHT11 and SpO2 sensors.
e Implement algorithms for processing sensor data, such as converting analog readings to temperature, humidity, and SpO2

values.

Mobile
Application

e Developed code to establish Wi-Fi connection using the ESP8266 module and transmit sensor data to a remote server fire

base.

I1l. RESULTS AND DISCUSSION
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Figure 3.2 Real time implementation on the patient

As depicted in Figures 3.1 and 3.2, the wearable belt is equipped with various hardware components and sensors (SPO2,
MAX30100, DHT11, ESP8266, OLED), securely fastened to the patient's thigh. Additionally, the mobile application prominently
displays all health parameters on the screen. Aligned with the project's name, our aim is to monitor the health of patients suffering
from varicose vein disease, particularly those unable to visit doctors for routine checkups and follow-ups. The device we have
developed proves to be an optimal solution for such patients and healthcare providers, fostering continuous connectivity and up-to-
date monitoring of vital health metrics, including body temperature, breathing patterns, humidity levels, and room temperature
where the patient resides. Utilizing the Firebase platform, our system ensures real-time storage of patient data being monitored. In
case of abnormal parameter readings, timely alerts enable prompt communication with doctors, facilitating swift medical
interventions without delays.
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