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Abstract: Thyroid disorders, including hypothyroidism and hyperthyroidism, affect millions of people worldwide, often leading to
serious health complications if not diagnosed and managed in a timely manner. Traditional thyroid monitoring relies on invasive
blood tests conducted at medical facilities, which can be inconvenient, costly, and infrequent. To address these challenges, this
project focuses on the designh and development of a Real Time Thyroid Monitoring System, a non-invasive, portable, and user-
friendly device that enables continuous tracking of thyroid hormone levels. The proposed system will integrate biosensing
technology capable of detecting thyroid-related biomarkers through non-invasive methods such as optical, bioelectrical, or
electromagnetic sensing. Wireless communication modules will facilitate real-time data transmission to a mobile application or
cloud-based platform, ensuring seamless monitoring and easy access to thyroid health insights. By providing immediate
feedback on hormone fluctuations, the system will allow users to track their thyroid function over time and seek timely medical
intervention when necessary. This innovation eliminates the need for frequent clinical visits, making thyroid monitoring more
accessible, especially for individuals in remote or underserved areas. The device’s affordable and compact design ensures ease of
use, making it suitable for both home-based and clinical applications. Additionally, its ability to provide real-time data and trend
analysis offers a proactive approach to managing thyroid disorders, reducing the risk of severe complications.
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I. INTRODUCTION
The Real-Time Thyroid Monitoring System focuses on developing a non-invasive, efficient, and user-friendly system for continuous
monitoring of thyroid hormone levels in the human body. Thyroid disorders, such as hypothyroidism and hyperthyroidism, affect
millions of people worldwide, leading to metabolic imbalances, fatigue, weight fluctuations, and cardiovascular complications.
Current diagnostic methods primarily rely on blood tests, which are invasive, time-consuming, and require clinical visits. This
project aims to overcome these limitations by designing a real-time monitoring device that enables frequent and convenient
assessment of thyroid function.
The proposed system will integrate advanced biosensing technologies, such as optical, electromagnetic, or wearable sensor-based
methods, to detect biomarkers correlated with thyroid hormone levels. Wireless communication modules will enable data
transmission to a smartphone application or cloud-based platform for remote tracking and analysis. Artificial intelligence (Al)
algorithms may be incorporated to enhance accuracy and predictive capabilities. The device will be designed with affordability,
portability, and ease of use in mind, making it suitable for home-based and clinical applications. This innovative approach to thyroid
health management will empower patients with real-time insights, enabling early detection of abnormalities, personalized treatment
plans, and improved quality of life through proactive disease management. The Real-Time Thyroid Monitoring System is designed
to offer a non-invasive and efficient solution for continuous tracking of thyroid hormone levels. Thyroid disorders affect metabolism,
energy levels, and overall health, making early detection and management crucial. Traditional blood tests, while effective, are
invasive and infrequent, leading to delayed diagnosis. This project aims to develop a wearable or handheld device that utilizes
advanced biosensors to detect thyroid-related biomarkers, ensuring real-time monitoring and timely intervention for better patient
health management.
The proposed monitoring system will incorporate cutting-edge sensing technologies such as optical, electromagnetic, or
bioelectrical sensors to assess thyroid hormone fluctuations. These sensors will be integrated with wireless communication modules,
enabling seamless data transfer to mobile applications or cloud-based platforms. Al-driven analytics will enhance the system’s
accuracy by predicting thyroid imbalances based on user data. This ensures a proactive approach to thyroid health, reducing
dependency on clinical visits and empowering individuals with real-time insights into their condition. Designed for both clinical and
home-based applications, the device will prioritize user-friendliness, affordability, and portability. By enabling early detection and
consistent monitoring, this project aims to enhance thyroid disorder management, improve patient quality of life, and contribute to
advancing digital health solutions in endocrine healthcare.
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Il. RELATED WORKS

A. A Machine Learning-Assisted System to Predict Thyrotoxicosis Using Patient’s Heart Rate Monitoring Data: A Retrospective

Cohort Study
Recent advancements have explored the integration of wearable technology and machine learning (ML) to non-invasively monitor
thyroid function. Shin et al. (2023) developed an ML-assisted system to predict thyrotoxicosis using heart rate (HR) data collected
from wearable devices in patients with thyroid dysfunction. The study involved 175 participants and 662 HR-thyroid function test
(TFT) data pairs collected over four months. The ML system leveraged features such as changes in mean HR, relative standard
deviation, skewness, kurtosis, and Jensen—Shannon divergence of sleep HR data to classify patients into thyrotoxic and non-
thyrotoxic categories. It achieved high sensitivity (86.14%) and specificity (up to 98.28% when subclinical cases were excluded),
demonstrating its potential for continuous, non-invasive thyroid monitoring. The approach highlights how biosignal patterns can
serve as proxies for biochemical markers, supporting remote patient management and potentially guiding treatment decisions in
clinical practice.

B. Next-Gen Health Monitor: Enhancing Prenatal and Thyroid Health Outcomes

Recent advancements in non-invasive health monitoring have incorporated Internet of Things (loT) technology to support
continuous and real-time tracking of thyroid and prenatal health. Shetty et al. (2024) developed a dual-mode smart monitoring
system that integrates an ESP32 microcontroller with sensors including MLX90614 (temperature), BMP180 (pressure), MAX30100
(pulse rate and SpO:), and an accelerometer to collect vital physiological parameters. Data from these sensors is transmitted via
WiFi to the Thingspeak cloud platform, enabling real-time visualization and analysis through a user-friendly mobile interface. The
system supports both thyroid monitoring—by detecting variations in skin temperature and heart rate—and prenatal health
assessment—nby tracking maternal vital signs and fetal movements. This approach offers a scalable, cost-effective, and non-invasive
alternative to traditional diagnostic methods, with the potential to improve early detection, facilitate remote healthcare delivery, and
enhance patient outcomes. The study emphasizes the utility of combining 1oT with cloud computing and mobile applications for
proactive health management in at-risk populations.

C. A Non-Invasive Technique Based Thyroid Detection using WSN and Zigbee

Numerous studies have explored the application of deep learning techniques to detect and classify pneumonia from chest X-ray
images, leveraging the increasing availability of large-scale medical imaging datasets. Notably, the referenced study implemented
various convolutional neural network (CNN) architectures including VGG16, DenseNet201, and InceptionV3, evaluating their
performance on a publicly available pneumonia dataset. The models were assessed using metrics such as accuracy, precision, recall,
and F1-score, with DenseNet201 achieving the highest performance. This research also emphasized the role of data preprocessing
and augmentation in improving model generalizability and reducing overfitting. Additionally, the use of transfer learning
significantly enhanced model accuracy, demonstrating the feasibility of deploying pretrained models in medical diagnostics. These
contributions underline the potential of deep learning in automating pneumonia detection, reducing diagnostic time, and improving
clinical outcomes.

D. A Novel Strategy for Selective Thyroid Hormone Determination Based on an Electrochemical Biosensor with Graphene
Nanocomposite

Recent advances in biosensing technologies have led to the development of highly selective and sensitive platforms for thyroid
hormone detection. Baluta et al. (2023) introduced a novel electrochemical biosensor tailored for the detection of free
triiodothyronine (fT3), leveraging a glassy carbon electrode modified with a FesO4 at graphene nanocomposite. This biosensor
integrates an anti-PDIAS3 antibody for selective binding and laccase as a redox catalyst, enabling the efficient oxidation of fT3.
Electrochemical techniques, including cyclic and differential pulse voltammetry, demonstrated a wide linear detection range (10—
200 uM), a low detection limit (27 nM), and strong selectivity against common interferents such as ascorbic acid and levothyroxine.
The system also exhibited high stability and promising performance in synthetic serum, indicating its potential for clinical
diagnostic applications.

This work underscores the utility of combining nanomaterials with bio-recognition elements to enhance analytical performance in
hormone monitoring platforms.
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1HI.METHODOLOGY

The methodology adopted for the design and development of the Real-Time Thyroid Monitoring Kit involved a comprehensive,
multi-stage process, integrating biomedical research, sensor technology, embedded systems, wireless communication, and software
development. The primary objective was to create a reliable, portable, and non-invasive device capable of continuously monitoring
thyroid-related physiological parameters in real time. The process commenced with an in-depth literature review and consultation
with medical professionals to understand the most relevant non-invasive indicators of thyroid function. It was identified that
changes in heart rate, skin temperature, and bioelectrical impedance often correlate with variations in thyroid hormone levels
(specifically T3 and T4), as the thyroid gland plays a critical role in regulating metabolism and cardiovascular activity.

Based on this research, key sensing modalities were selected. A heart rate sensor (such as a PPG or ECG module), a skin
temperature sensor (like an LM35 or digital IR sensor), and a bioelectrical impedance measurement circuit were chosen for
integration. These sensors were selected for their compact size, low power consumption, and ease of interface with microcontrollers.
The data from these sensors would serve as indirect but consistent indicators of thyroid hormone activity, especially when combined
and analyzed over time. The core of the system was built using the ESP8266 microcontroller, chosen for its powerful dual-core
processor, built-in Wi-Fi and Bluetooth connectivity, and compatibility with various sensor modules. The ESP8266 was
programmed using the Arduino IDE to handle real-time data acquisition from the sensors, perform basic preprocessing (such as
filtering and normalization), and transmit the processed data wirelessly. The firmware included routines for reading analog and
digital signals, timestamping, error checking, and managing power-efficient sleep modes to prolong battery life in wearable
applications. To provide a user interface, a custom mobile application was developed using Flutter. The app was designed to pair
with the ESP8266 via Bluetooth and receive real-time sensor data streams. It includes features to visualize heart rate trends, skin
temperature readings, and estimated thyroid-related values derived through algorithmic analysis of the collected data. The app also
provides functionality for storing historical data, generating graphs, and setting up alerts if values fall outside of safe thresholds. The
user interface was designed to be intuitive, requiring minimal technical knowledge to operate, making it suitable for home use by
patients with limited healthcare access. Calibration and validation formed a critical component of the methodology. Controlled
experiments were conducted where test subjects with known thyroid conditions (based on recent TSH, T3, and T4 lab reports) were
monitored using the prototype. Data collected from the device was compared against clinical findings to assess correlation and
accuracy. Statistical analysis, including regression and correlation coefficients, was applied to evaluate the predictive relationship
between sensor readings and thyroid hormone levels. Based on the results, the firmware and mobile app were refined to improve
sensitivity and reliability. The physical design of the kit focused on portability, comfort, and durability. A compact enclosure was
3D printed to house the microcontroller, battery, and sensors in a lightweight form factor suitable for wrist or upper-arm wear.
Power optimization techniques, such as duty cycling and sensor sleep modes, were implemented to extend battery life without
compromising performance. In the final phase, the system was subjected to usability testing, which included trial runs with end-
users and healthcare professionals to gather feedback on ease of use, accuracy, comfort, and interpretability of results. Modifications
were made accordingly to improve the user experience and functional stability. The final prototype demonstrated reliable real-time
monitoring, wireless data transmission, and user-friendly interaction, fulfilling the project’s goal of providing a non-invasive,
accessible, and efficient thyroid monitoring solution suitable for both personal and clinical use.

Fig. 1 Block Diagram of Real-Time Thyroid Monitoring System
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IV.HARDWARE DESCRIPTION

A. ESP8266 Microcontroller

The ESP8266 is a high-performance, dual-core microcontroller equipped with integrated Wi-Fi and Bluetooth, making it highly
suitable for real-time health monitoring and IoT applications. In this project, it serves as the central processing unit responsible for
collecting data from the various biosensors, processing that information, and wirelessly transmitting the results to an external
interface such as a mobile application. The ESP8266 supports both analog and digital inputs, making it compatible with a wide
variety of sensors used in biomedical applications. Its low power consumption, compact size, and built-in connectivity options
eliminate the need for external modules, thus improving efficiency and portability. The device can also handle multi-tasking due to
its dual-core processor, which ensures smooth, real-time performance even when multiple sensors are in use. It is programmed using
the Arduino IDE, which provides flexibility and a wide range of open-source libraries. Additionally, features like deep sleep mode
and power management controls make the ESP8266 ideal for battery-powered devices. In the Real-Time Thyroid Monitoring
System, the ESP8266 facilitates seamless integration of sensing, data processing, and wireless communication, enabling accurate,
responsive, and user-friendly health monitoring.

Fig. 2 ESP 8266

B. Heart Rate Sensor (MAX30100/MAX30102 or AD8232 ECG Modul

The heart rate sensor, such as the MAX30102 or AD8232 ECG module, plays a crucial role in this project by continuously
monitoring cardiovascular signals, which are directly affected by thyroid hormone levels. These sensors operate on principles such
as photoplethysmography (PPG) or electrocardiography (ECG) to detect pulse and blood oxygen saturation. The MAX30102
integrates LEDs, a photodetector, optical elements, and low-noise electronics in a single package, offering accurate and low-power
pulse detection. On the other hand, the AD8232 module can provide raw ECG signals, ideal for more detailed heart rhythm analysis.
In the context of thyroid disorders, heart rate is an essential biomarker—hyperthyroidism typically causes elevated heart rates, while
hypothyroidism can lead to bradycardia. This sensor is interfaced with the ESP32 using either analog or 12C protocols, allowing
real-time data acquisition and analysis. The sensor data is pre-processed on the microcontroller before being transmitted to the
mobile application for display and interpretation. With high sensitivity and compact size, the heart rate sensor is suitable for
wearable designs, making it ideal for continuous, non-invasive monitoring in this thyroid system.

Fig. 3 Heart Rate Sensor (MAZ30100)

C. Skin Temperature Sensor (LM35, DS18B20, or MLX90614)

The skin temperature sensor is a vital component of the thyroid monitoring system, as changes in thyroid function often influence
body temperature. Sensors like the LM35, DS18B20, and MLX90614 are commonly used for accurate and reliable temperature
measurements. The LM35 provides analog voltage output linearly proportional to Celsius temperature, while the DS18B20 is a
digital sensor using a one-wire interface, ideal for precise readings in embedded systems. The MLX90614 offers non-contact
infrared temperature sensing, which is highly beneficial in hygienic and wearable applications. In the context of thyroid health,
hypothyroidism often results in lower body temperature, while hyperthyroidism can lead to elevated readings.
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Monitoring these subtle variations can offer early insights into thyroid imbalances. These sensors are connected to the ESP32
microcontroller, which reads and processes the data in real time.

The values are then displayed through the mobile app for the user or physician to review. With high resolution and low power
consumption, these temperature sensors provide consistent and accurate monitoring, contributing significantly to the overall
reliability of the Real-Time Thyroid Monitoring System.

\

Fig. 4 LM35

D. Bioelectrical Impedance Sensor

The bioelectrical impedance sensor is an optional yet highly beneficial component that adds depth to the monitoring capability of
the thyroid system. It operates by sending a very small electrical current through the body and measuring the resistance (impedance)
encountered. This method is commonly used in body composition analysis but can also provide insights into metabolic activity,
which is significantly influenced by thyroid function. An underactive thyroid can result in reduced metabolism and water retention,
potentially altering body impedance values, whereas an overactive thyroid may produce the opposite effect. By integrating this
sensor with the ESP32 microcontroller, continuous impedance monitoring becomes possible, which can help in identifying
abnormal trends associated with thyroid dysfunctions. The sensor module is typically connected through analog input pins and
requires a careful calibration process to ensure medical relevance. Though not essential for basic monitoring, including this sensor
enhances the system’s diagnostic capability and offers an additional non-invasive marker for assessing overall metabolic state. Its
inclusion represents a step toward more comprehensive, multiparameter health monitoring in a compact, user-friendly design.

E. OLED/LCD Display

An OLED or LCD display module, typically sized around 0.96 inches, serves as an optional user interface for directly presenting
sensor readings without needing an external mobile application. These displays are lightweight, power-efficient, and can be easily
integrated into compact wearable devices. The OLED variant, in particular, offers bright, high-contrast visuals that are easily
readable in both indoor and outdoor lighting conditions. In this project, the display shows real-time values such as heart rate, body
temperature, and system status, providing users with instant feedback about their thyroid health. The display is interfaced with the
ESP32 using 12C or SPI communication protocols, requiring minimal pins and power. Having an onboard display is especially
useful in scenarios where smartphone access is limited or when users neeto quickly glance at their health metrics. It enhances the
usability and autonomy of the monitoring kit, making it more convenient for elderly or rural users who may not be tech-savvy.
While optional, the display significantly improves the standalone functionality and user experience of the Real-Time Thyroid
Monitoring System.

Fig. 5 OLED Display
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V. CONCLUSIONS

In conclusion, the Real-Time Thyroid Monitoring System represents a novel approach to non-invasive, continuous thyroid health
assessment through the integration of biosensing technology, embedded systems, and wireless communication. By leveraging
compact hardware such as the ESP32 microcontroller alongside physiological sensors for heart rate and temperature, the system
enables real-time tracking of vital biomarkers associated with thyroid disorders. The accompanying maobile application enhances
usability through intuitive data visualization and potential remote healthcare support. This system addresses key limitations of
conventional thyroid diagnostics, such as infrequent testing and clinical inaccessibility, offering an efficient and portable alternative.
Furthermore, its scalability and adaptability for cloud-based storage and telemedicine integration support its applicability in both
personal and clinical settings. As a result, the Real-Time Thyroid Monitoring System offers a promising solution for proactive
health management, particularly beneficial in resource-constrained or remote environments. Future iterations may incorporate
additional physiological parameters and clinical validation to further strengthen diagnostic accuracy and expand its utility in broader
endocrine and chronic health monitoring applications.
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