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Abstract: In recent years, varicose veins have become a prevalent condition, often leading to serious
complications such as blood clots, vein irritation, and swelling, with leg veins being the most commonly affected.
While Doppler ultrasonography is a reliable diagnostic tool, its sophistication and expense make it less
accessible. Our project, Varicosities Warner, is an economical and wearable device utilizing non-invasive
techniques for the early detection and prevention of varicose veins. Early diagnosis enables straightforward
treatment, reducing the patient's anxiety and fatigue. This device incorporates embedded automation and the
Internet of Things (loT) for effective monitoring and detection. At the core of the system is an Arduino Controller,
which acts as the brain of the device. It uses NTC thermistors to monitor the temperature in the affected areas
and a MAX30102 sensor to measure oxygen saturation levels. These parameters—temperature and abnormal
oxygen levels in the affected area—are continuously tracked to provide timely alerts. Future enhancements to this
project include the integration of blood pressure and blood flow measurements for more precise detection. While
ultrasound remains a highly effective tool for identifying variations in blood pressure, financial limitations
restricted its inclusion in this version of the project.

Index Terms— NTC Thermistor, Arduino UNO, IR Sensor, MAX30102, Varicose Veins Detection, Wearable
Device, 10T, Non-invasive Monitoring.

I. INTRODUCTION

Varicose veins are dilated, tortuous veins that commonly develop in the lower extremities due to venous
insufficiency. This condition arises when venous valves become incompetent, leading to blood pooling
and retrograde flow, known as reflux. Elevated venous pressure contributes to the formation of spider
veins and skin discoloration resembling bruises. Traditional diagnostic methods, such as Doppler
ultrasonography, are effective but often expensive and not readily accessible for early detection. Early
identification is crucial to prevent progression and to avoid invasive treatments like sclerotherapy, laser
therapy, radiofrequency ablation, or ambulatory phlebectomy. Non-invasive treatments, including
whole-body vibration, compression stockings, and exercise, are beneficial but require timely diagnosis
to be most effective. Our proposed solution involves continuous monitoring of physiological parameters
in the affected areas to facilitate early detection of varicose veins. Utilizing an Arduino-based system,
we employ NTC thermistors to measure skin temperature and a MAX30100 sensor to assess oxygen
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saturation levels. Abnormal increases in temperature and deviations in oxygen levels can indicate the
onset of varicose veins. These sensors provide real-time data to the Arduino Uno, which processes the
information and displays it on an integrated LCD screen for easy interpretation. Future enhancements
aim to incorporate additional measurements, such as blood pressure and blood flow, to improve
diagnostic accuracy. While ultrasound technology offers detailed insights into vascular conditions, its
cost constraints limit its inclusion in this project. By focusing on affordable and non-invasive sensors,
our approach seeks to provide an accessible means for early detection and monitoring of varicose veins,
potentially reducing the need for invasive treatments and improving patient outcomes.

I1. SYSTEM DESIGN

Designing a microcontroller-based system for varicose vein detection presents unique challenges
compared to conventional measurement techniques. The integration of the Internet of Things (1oT)
enhances this system by enabling real-time monitoring and data analysis. 10T refers to a network of
interconnected devices—including sensors, detectors, monitors, and microcontrollers—that
communicate and exchange data to perform specific tasks. These interconnected devices constitute an
embedded system, functioning cohesively to achieve the desired outcomes.

System Architecture:

1. Microcontroller Unit (MCU): The core of the system is the microcontroller, responsible for
processing inputs from various sensors and executing control algorithms. The Arduino Uno,
equipped with an ATmega328P microcontroller, is commonly utilized due to its versatility and
ease of integration.

2. Sensors:

o Temperature Sensor: NTC thermistors are employed to measure the temperature of
the affected area. Variations in skin temperature can indicate underlying venous issues.

o Oxygen Saturation Sensor: The MAX30100 sensor is used to assess blood oxygen
levels in the targeted region. Abnormal oxygen saturation may suggest compromised
blood flow associated with varicose veins.

3. Communication Module: An ESP8266 Wi-Fi module facilitates wireless data transmission,
enabling remote monitoring and integration with 10T platforms.

4. Power Supply: A reliable power source, such as a rechargeable battery, ensures uninterrupted
operation of the system.

Operation Workflow:

o Data Acquisition: Sensors continuously collect physiological data from the patient.

o Data Processing: The MCU processes the sensor inputs, analyzing parameters like temperature
and oxygen saturation to detect anomalies indicative of varicose veins.

o Data Transmission: Processed data is transmitted via the communication module to a central
server or cloud platform for further analysis and storage.

e User Interface: Healthcare providers can access the data through a user-friendly interface,
facilitating real-time monitoring and timely intervention.

Advantages of 10T Integration:
e Real-Time Monitoring: Continuous data collection allows for the early detection of varicose
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veins, potentially preventing progression to more severe stages.
o Remote Accessibility: 10T connectivity enables healthcare professionals to monitor patients
remotely, enhancing accessibility and convenience.
o Data Analytics: Aggregated data can be analyzed to identify trends and patterns, contributing
to improved understanding and management of varicose veins.
Challenges and Considerations:
o Data Accuracy: Ensuring the precision of sensor measurements is crucial for reliable
detection.
o Power Management: Efficient power consumption strategies are necessary to prolong battery
life, especially in wearable applications.
o Data Security: Implementing robust security measures is essential to protect patient data
during transmission and storage.
In conclusion, the integration of microcontrollers and 10T in varicose vein detection systems offers a
promising approach to enhancing early diagnosis and patient monitoring. By leveraging embedded
systems, healthcare providers can achieve more efficient and effective management of this condition.
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Figure 1 System Design
I11. SYSTEM DESIGN FLOW

Designing a microcontroller-based system for varicose vein detection presents unique challenges
compared to conventional measurement techniques. The integration of the Internet of Things (10T)
enhances this system by enabling real-time monitoring and data analysis. 10T refers to a network of
interconnected devices—including sensors, detectors, monitors, and microcontrollers—that
communicate and exchange data to perform specific tasks. These interconnected devices constitute an
embedded system, functioning cohesively to achieve the desired outcomes.
System Architecture:

1. Microcontroller Unit (MCU): The core of the system is the microcontroller, responsible for
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processing inputs from various sensors and executing control algorithms. The Arduino Uno,
equipped with an ATmega328P microcontroller, is commonly utilized due to its versatility and
ease of integration.

2. Sensors:
o Temperature Sensor: NTC thermistors are employed to measure the temperature of
the affected area. Variations in skin temperature can indicate underlying venous issues.
o Oxygen Saturation Sensor: The MAX30100 sensor is used to assess blood oxygen
levels in the targeted region. Abnormal oxygen saturation may suggest compromised
blood flow associated with varicose veins.

3. Communication Module: An ESP8266 Wi-Fi module facilitates wireless data transmission,
enabling remote monitoring and integration with 10T platforms.

4. Power Supply: A reliable power source, such as a rechargeable battery, ensures uninterrupted
operation of the system.

Operation Workflow:

o Data Acquisition: Sensors continuously collect physiological data from the patient.

o Data Processing: The MCU processes the sensor inputs, analyzing parameters like temperature
and oxygen saturation to detect anomalies indicative of varicose veins.

o Data Transmission: Processed data is transmitted via the communication module to a central
server or cloud platform for further analysis and storage.

e User Interface: Healthcare providers can access the data through a user-friendly interface,
facilitating real-time monitoring and timely intervention.

Advantages of 10T Integration:
e Real-Time Monitoring: Continuous data collection allows for the early detection of varicose
veins, potentially preventing progression to more severe stages.
e Remote Accessibility: 10T connectivity enables healthcare professionals to monitor patients
remotely, enhancing accessibility and convenience.
o Data Analytics: Aggregated data can be analyzed to identify trends and patterns, contributing
to improved understanding and management of varicose veins.

Challenges and Considerations:
e Data Accuracy: Ensuring the precision of sensor measurements is crucial for reliable
detection.
e Power Management: Efficient power consumption strategies are necessary to prolong battery
life, especially in wearable applications.
o Data Security: Implementing robust security measures is essential to protect patient data
during transmission and storage.
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The integration of microcontrollers and IoT in varicose vein detection systems offers a promising
approach to enhancing early diagnosis and patient monitoring. By leveraging embedded systems,
healthcare providers can achieve more efficient and effective management of this condition.
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Figure 2 System Design Flow

IVV. DESIGN SPECIFICATIONS
A. Arduino Uno

Figure 3 Arduino uno
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The Arduino Uno is a widely-used microcontroller board suitable for both beginners and experienced
users. Based on the ATmega328P microcontroller, it features 14 digital input/output pins, six of which
support PWM output, and six analog input pins for reading sensor data. The board can be powered via
a USB cable or an external power source, making it easy to use with the Arduino IDE. Its versatility
allows it to support a range of projects, from simple circuits to complex robotics. As an open-source
platform, the Arduino Uno encourages learning and customization, making it an excellent tool for
programming and electronics education. With its robust design, the Uno facilitates various interactions
with electronic components, enhancing its adaptability for numerous applications.

B. NTC Thermistor

An NTC (Negative Temperature Coefficient) thermistor is a temperature-sensitive resistor whose
resistance decreases as the temperature increases. This characteristic makes it ideal for temperature
monitoring and control applications. NTC thermistors are widely used in overcurrent protection circuits,
temperature management systems, temperature compensation circuits, and temperature measurement
devices. Their high sensitivity, compact size, and affordability make them a versatile and cost-effective
solution for various electronic projects.

Applications include measuring body temperature in medical devices, monitoring engine temperature
in automotive systems, and regulating room temperature in thermostats. By understanding the working
principles of NTC thermistors and their integration into electronic circuits, engineers and enthusiasts
can design innovative solutions to address a range of temperature-related challenges.

Figure 4 NTC Thermistor

C. IR Sensor

An Infrared (IR) sensor is an electronic device designed to detect infrared radiation, which is invisible
to the human eye. IR sensors are commonly used in remote controls, motion detectors, object detection
systems, and temperature measurement devices. They operate by detecting either emitted or reflected
infrared radiation. Passive IR sensors detect emitted radiation, while active IR sensors emit and detect
reflected radiation.

These versatile sensors are integral to various applications, including infrared thermometers that
measure infrared radiation emitted by objects to determine their temperature. This capability allows for
non-contact temperature measurement, which is particularly beneficial in industrial environments,
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medical applications, and other scenarios where physical contact with the measured object is impractical
or undesirable.
D. MAX30100
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Figure 5 IR Sensor

The MAX30100 is a revolutionary integrated pulse oximeter and heart rate monitor sensor that has
transformed the way vital health metrics are measured. This compact and efficient device combines
advanced optical and electronic components to precisely measure heart rate and blood oxygen saturation
levels.

One of its key advantages is its low power consumption, making it ideal for battery-operated devices
like smartwatches and wearable fitness trackers. The MAX30100 delivers high accuracy and reliability,
ensuring precise measurements even in challenging conditions. Its seamless integration with a variety
of microcontrollers and development boards simplifies the design and development process for
engineers and hobbyists.

With its versatile features and user-friendly design, the MAX30100 has opened new possibilities for
health and wellness monitoring applications. It empowers individuals to monitor their vital signs
conveniently and gain valuable insights into their overall fitness and health.

E. Liquid Crystal Display (LCD)

Liquid Crystal Displays (LCDs) have become ubiquitous in modern technology, revolutionizing the
way we interact with digital content. These flat-panel displays are integral components of numerous
devices, offering a sleek and efficient means of presenting text and images.

LCDs function by leveraging liquid crystals—unique materials that can be manipulated using an electric
field. When an electric field is applied, the liquid crystals align in specific ways, either allowing or
blocking light from passing through. This controlled manipulation produces the various shades of gray
or colors visible on an LCD screen.

A primary advantage of LCDs is their energy efficiency. Compared to older technologies like Cathode
Ray Tube (CRT) displays, LCDs consume significantly less power, making them both cost-effective
and environmentally friendly. Additionally, LCDs provide numerous benefits, such as thin and
lightweight designs, fast response times, and high-quality image reproduction.

From computer monitors and smartphones to televisions, LCDs have transformed how we experience
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digital content. Their versatility, superior image quality, and energy efficiency make them the preferred
choice for a broad range of applications.
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Figure 6: LCD
A. MATLAB Code

#include <thermistor.h>
#include <LiquidCrystal_12C.h>
#include <Wire.h>

#include "MAX30105.h"
#include "spo2_algorithm.h"

MAX30105 particleSensor;
LiquidCrystal_I2C lcd(0x27, 16, 2);

#define MAX_BRIGHTNESS 255

#if defined(AVR_ATmega328P) || defined(AVR_ATmegal68)
/I Arduino Uno doesn't have enough SRAM to store 100
#endif

void setup() {
Icd.init();
Icd.backlight();
Serial.begin(115200); // Initialize serial communication at 115200 bits per second

pinMode(pulseLED, OUTPUT);
pinMode(readLED, OUTPUT);

/I Initialize sensor
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if (particleSensor.begin(Wire, 12C_SPEED_FAST)) { // Use default 12C port, 400kHz speed
Serial.printin(F("MAX30105 was not found. Please check wiring/power."));
while (2);

}

Serial.printIn(F("Attach sensor to finger with rubber band. Press any key to start conversion™));
while (Serial.available() == 0); // Wait until user presses a key
Serial.read();

/I Sensor configuration

byte ledBrightness = 60; // Options: 0=0ff to 255=50mA

byte sampleAverage = 4; // Options: 1, 2, 4, 8, 16, 32

byte ledMode = 2; // Options: 1 = Red only, 2 = Red + IR, 3 = Red + IR + Green
byte sampleRate = 100; // Options: 50, 100, 200, 400, 800, 1000, 1600, 3200

int pulseWidth = 411; // Options: 69, 118, 215, 411

int adcRange = 4096; // Options: 2048, 4096, 8192, 16384

particleSensor.setup(ledBrightness, sampleAverage, ledMode, sampleRate, pulseWidth, adcRange);
particleSensor.enableDIETEMPRDY ();

}

void loop() {
const byte bufferLength = 100;
uint32_t redBuffer[bufferLength];
uint32_t irBuffer[bufferLength];
int spo2 = 0, heartRate = 0;
bool validSPO2 = false, validHeartRate = false;

/I Collect sensor data
for (byte i = 0; i < bufferLength; i++) {
while (particleSensor.available() == false) // Check if new data is available
particleSensor.check();

redBuffer[i] = particleSensor.getRed();
irBuffer[i] = particleSensor.getIR();
particleSensor.nextSample(); // Move to the next sample

Serial.print(F("red=")); Serial.print(redBuffer[i], DEC);
Serial.print(F(", ir=")); Serial.printIn(irBuffer[i], DEC);
}

maxim_heart_rate_and_oxygen_saturation(irBuffer, bufferLength, redBuffer, &spo2, &validSPO2,
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&heartRate, &validHeartRate);

I/ Process data

while (1) {
float temperature = particleSensor.readTemperature();
Serial.print("temperatureC="); Serial.printIn(temperature, 4);

Serial.print(F("HR=")); Serial.print(heartRate, DEC);
Serial.print(F(", HRvalid=")); Serial.print(validHeartRate, DEC);
Serial.print(F(", SPO2=")); Serial.print(spo2, DEC);
Serial.print(F("", SPO2Valid=")); Serial.printin(validSPO2, DEC);

Icd.setCursor(0, 0);

if (spo2 > 95 && temperature > 37.5) {
Serial.printIn("Varicose Vein");
Icd.print("Varicose Vein");

Yelse {
Serial.printIn("Normal");
Icd.print("Normal™);

}
delay(1000);

/I Shift buffer

for (byte i = 25; i < 100; i++) {
redBuffer[i - 25] = redBuffer][i];
irBuffer[i - 25] = irBuffer[i];

}

for (byte i = 75; i <100; i++) {
while (particleSensor.available() == false) // Wait for new data
particleSensor.check();

redBuffer[i] = particleSensor.getRed();
irBuffer[i] = particleSensor.getIR();

¥

// Update SPO2 and heart rate

maxim_heart_rate_and_oxygen_saturation(irBuffer, bufferLength,

&validSPO2, &heartRate, &validHeartRate);

¥
¥

redBuffer,

&Spo2,
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V. RESULT

The method outlined in this paper demonstrates the feasibility of non-invasive measurement of
physiological parameters. The device is designed to ensure safety and enables frequent use without
concerns about harmful effects. It provides continuous monitoring of oxygen levels and temperature in
the targeted area. For disease detection, specifically varicose veins, the system continuously tracks the
temperature and oxygen saturation levels.

The physiological data is processed by the Arduino Uno, and variations in these parameters are analyzed
to detect the presence of varicose veins. This method allows patients to operate the device
independently, without requiring external assistance, making it user-friendly and accessible.

=
HR=125, HRvalid=1,
, ir=1048, HR=125, HRvalid=1, SP02=38, SI

tureC=37.4375
), ir=1033, HR=125, HRvalid=1, SP02=58, S

Figure 8: Results — Varicose Vein

VI. CONCLUSION

This study establishes that the NTC thermistor and MAX30100 sensor, integrated with a compact and
efficient system, are suitable for non-invasive measurement of temperature, blood volume, and oxygen
levels. The system ensures safety, avoiding any adverse effects, and delivers reliable results. By
analyzing the physiological parameters fed into the Arduino Uno, variations are effectively used to
detect varicose veins.The device is designed to be portable, cost-effective, and user-friendly, making it
suitable for use in clinical settings as well as at home. This approach aims to provide a practical solution
for continuous monitoring and early detection of conditions like varicose veins, ultimately enhancing
patient care and convenience.
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