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Abstract

This system integrates a mobile-based medical tracker application with a wearable health band to deliver a
comprehensive and proactive healthcare management solution. The mobile application acts as a centralized platform
for managing medication schedules, tracking medicine supplies, and issuing timely refill alerts to ensure consistent
treatment adherence. It also includes a smart lookup feature that uses real-time data to locate nearby pharmacies with
the required medicines available, enhancing convenience and accessibility. The wearable health band complements
this by providing continuous monitoring of vital parameters such as heart rate and blood pressure, along with an
automatic fall detection and alert mechanism to ensure immediate response during emergencies. Together, these
components create a seamless ecosystem that connects medication management, real-time biometric monitoring, and
location-based assistance. This integrated approach not only improves patient compliance and emergency readiness
but also promotes independent and safer health management, particularly benefiting elderly individuals and patients
with chronic conditions.
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1. Introduction

The rise of Al technology has significantly transformed healthcare, particularly in managing chronic illnesses
that demand timely, patient-specific, and continuous care. With the global increase in aging populations and chronic
conditions such as diabetes, cardiovascular diseases, and respiratory disorders, the need for proactive healthcare
solutions has become more urgent. Al-driven wearable sensors address this need by enabling continuous health
monitoring, real-time data analysis, and early detection of potential health risks, shifting healthcare from a reactive to
a preventive model.

Modern wearable devices, powered by Al and advanced sensors, go beyond simple fitness tracking to
monitor critical health parameters such as glucose levels, oxygen saturation, ECG, and respiratory rates. By applying
machine learning and deep learning algorithms, these devices can detect anomalies, predict medical emergencies, and
provide data-driven insights for both patients and physicians. This promotes informed decision-making, early

interventions, and better long-term disease management.
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Additionally, Al wearables enable highly personalized healthcare by learning individual health patterns and
adapting to users’ behaviors, lifestyle, and treatment responses. Their passive, real-time monitoring allows for instant
alerts during emergencies, reducing hospitalizations and preventing severe complications like heart attacks or strokes.
These technologies also contribute to healthcare efficiency by minimizing the need for frequent clinical visits and
empowering patients to take an active role in managing their health.

Despite their immense potential, challenges persist, including data privacy, accuracy, device affordability,
and accessibility in low-resource settings. Ensuring ethical use of Al, maintaining data security, and validating the
accuracy of sensor data are critical for widespread adoption. This study aims to assess the effectiveness of Al-based
wearable sensors in early diagnosis and management of chronic diseases, while exploring associated challenges and
proposing strategies for improvement. It highlights how these innovations can enhance patient outcomes, reduce
healthcare costs, and support the transition toward intelligent, proactive, and personalized healthcare systems.

2. Literature Survey

A. Sharma (IEEE,2024) [1] developed “Smart Healthcare Monitoring System Using IoT: IoT-based
healthcare systems” enable remote monitoring and real-time data sharing, improving patient care and diagnosis. By
using wearable sensors and cloud platforms, they continuously track vital signs and detect abnormalities early,
enhancing doctor—patient connectivity and chronic disease management.

R. Kumar, S. Mehta (IJSER, 2023 ) [2] developed “Fall Detection using Accelerometer and Gyroscope” The
system uses smartphone sensors to detect falls by analyzing motion patterns and automatically alerts family members
for quick assistance, enhancing safety and independence for elderly users.

M. Patel(Springer, 2023) [3] developed “Predictive Healthcare Analytics using ML: Machine learning” it
improves healthcare by predicting diseases, managing risks, and enabling early diagnosis for better patient outcomes
and personalized treatment.

L.Zhang and Y.Zhao(Elsevier, 2020) [4] developed “Blood Pressure Estimation using Wearables” The
review discusses recent progress in wearable blood pressure sensors, focusing on optical and pressure-based
techniques for continuous monitoring. It highlights their role in early detection of hypertension, real-time data
collection, and integration with mobile health platforms. The study also addresses challenges such as calibration
accuracy, sensor placement, and data privacy in clinical applications.

T. Verma(IEEE Access, 2023) [5] developed “loT-based Remote Health Monitoring” The system enables
real-time tracking of vital signs such as heart rate, temperature, and oxygen levels through interconnected sensors and
cloud platforms. It provides instant alerts to healthcare providers and family members in case of abnormalities,
ensuring timely intervention. This technology enhances patient care, reduces hospital workload, and supports
continuous monitoring for chronic disease management and post-operative recovery.

J.Singh and A.Agarwal(IJCA, 2023) [6] Intelligent Alert System for Medicine Management: The system
improves home medication management by combining smart storage solutions with automated reminders and

adherence tracking. It monitors dosage schedules, alerts patients and caregivers about missed doses, and maintains
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digital logs for healthcare providers. This approach reduces medication errors, supports chronic disease management,
and promotes patient compliance and safety.

B. Thomas(NTT Corp,2021) [7] developed “Real-Time Heart Rate Monitoring with IoT” This [oT- and Al-
based system continuously monitors heart rate and other vital signs, analyzing data to predict potential heart conditions.
It integrates wearable sensors, cloud platforms, and machine learning algorithms to provide early warnings, support
timely medical intervention, and improve patient outcomes. The system also allows remote monitoring, enhancing
care for high-risk patients and reducing hospital visits.

K. Gupta (ACM Digital Library, 2023) [8] developed “Medical Store Locator in Health Apps” The system
provides location-based access to nearby pharmacies, helping users quickly find and navigate to medical stores. It can
display real-time inventory, operating hours, and contact details, and may integrate with e-prescriptions for seamless
medicine ordering. This feature enhances convenience, reduces delays in obtaining medication, and supports better
healthcare management. (K. Gupta, ACM Digital Library, 2023)

S. Roy(IEEE IoT Journal, 2023) [9] developed “Edge Computing for Health Devices” By processing data
locally on wearable health devices, edge computing reduces latency and ensures faster responses for critical health
events. It minimizes reliance on cloud servers, improves data privacy, and enables real-time analytics for parameters
like heart rate, glucose levels, and oxygen saturation. This approach enhances the reliability and efficiency of remote
health monitoring and supports timely medical interventions.

D. Wang(Elsevier, 2024) [10] developed “ML Forecasting in Healthcare” The paper reviews the application
of machine learning in healthcare, focusing on chronic disease prediction, patient risk assessment, and treatment
optimization. It discusses challenges such as data quality, interpretability, and privacy concerns, while highlighting
future prospects like personalized medicine, predictive analytics for epidemics, and integration with IoT devices for
continuous monitoring.

3. Review of Methodology
3.1 System Design:
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Figure 1: Hardware module

IES International Journal of Multidisciplinary Engineering Research ~ Volume 2, Issue 1, 2026 127



IES International Journal of Multidisciplinary Engineering Research

This block diagram illustrates an Internet of Things (IoT) health monitoring system designed to collect,
analyze, and report a patient's vital signs. The system begins with an INPUT stage using sensors like the MAX 30105
(for heart rate and oxygen level), MPX 5050 (for blood pressure), and a Gyroscope (for movement), all powered by a
+5 volt DC supply. This raw data is fed into an ESP 32 (sink) microcontroller, which handles initial processing and
wireless transmission to the Cloud Storage. In the cloud, the data undergoes Preprocessing and Data collection before
an ML prediction algorithm analyzes the clean data for anomalies or health risks. Finally, the analyzed results are
presented on a Display unit (Monitor), providing actionable information for immediate Doctor Assistance and remote

patient care.
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Figure 2: Software module

This diagram outlines the core Machine Learning (ML) pipeline for a health prediction system, starting with
the fusion of Real-time Sensor Data and a historical Dataset which undergoes crucial Pre-processing/Feature
Extraction to prepare meaningful inputs. These processed features are then used to train multiple diverse base
classifiers: a high-accuracy Random Forest, an error-correcting AdaBoost, and a fast, probabilistic Naive Bayes
model. To achieve the most robust and stable prediction, these individual models are combined using an ensemble
method called a Voting Classifier (typically employing soft voting to average probabilities), whose final aggregated
output is the definitive Prediction (Healthy/At-Risk) status for the patient.

The proposed system architecture integrates wearable sensors with Al to enable continuous health monitoring
and proactive care. Wearable devices collect vital signs such as ECG, glucose, blood pressure, and oxygen levels,
perform basic preprocessing, and securely transmit data to a smartphone or edge hub for immediate anomaly detection.
Processed data is then sent to a cloud platform where advanced machine learning models analyze patterns, generate
risk predictions, and personalize recommendations for each patient. Results are shared through patient apps and
clinician dashboards, enabling timely alerts, decision support, and treatment adjustments. The architecture also ensures
strong data security, privacy, and compliance while maintaining feedback loops that refine predictions and improve

system performance over time.
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3.2 Sensor Input Module:
e Components: Heartbeat sensor (MAX30105), BP sensor (MPX5050), Oxygen level sensor (MAX30105),
and Gyroscope sensor.
e Collects real-time physiological data (like heart rate, blood pressure, oxygen saturation, and body
movement) from the patient.
e The data is transmitted to the microcontroller (ESP32).
3.3 Data Acquisition and Transmission Module (ESP32)
e  Component: ESP32 microcontroller.
e  Acts as the data sink, receiving sensor data and transmitting it wirelessly (via Wi-Fi or Bluetooth) to the cloud
storage for processing.
e Italso receives a 5V DC power supply to ensure stable operation
3.4 Cloud Storage and Processing Module
Submodules:
e  Preprocessing: Cleans and formats raw sensor data by removing noise and handling missing values.
e Data Collection: Aggregates both historical and real-time data for model training and prediction.
Machine Learning Prediction:
e  Utilizes a trained model (Voting Classifier combining Random Forest, AdaBoost, and Naive Bayes) to predict
potential health risks based on sensor data.

3.5 Model Development Module
e Data Preprocessing: Handles missing data, removes outliers, and ensures consistency between sensor and

dataset inputs

e Normalization: Scales all features to a common range for balanced model performance

e Data Splitting: Divides data into training (80%) and testing (20%) sets to validate accuracy.

e  Model Generator: Trains the model using ensemble techniques (Voting Classifier) for reliable predictions

e Trained Model: The final model is used for real-time health prediction when new sensor data arrives.
3.6 Prediction and Analysis Module

e  The trained model makes predictions from the incoming sensor data.

e The system analyzes patient health and provides recommendations or alerts via a mobile/web app
3.7 Display and Assistance Module
Component: Display unit (monitor or app interface)
Function:

e  Shows real-time readings, health analysis, and warnings.

e Incase of abnormal readings, alerts can be sent to the doctor or caregiver for timely assistance.
4. Review of Dataset

Al-driven wearable health research depends heavily on comprehensive datasets that capture both
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physiological and behavioral data from continuous monitoring devices. These datasets include vital signs such as heart
rate, ECG signals, blood pressure, glucose level, oxygen saturation, respiration rate, and daily activity or sleep
patterns. The continuous nature of this data allows Al models to detect subtle changes and predict potential health
risks before they become critical. To improve prediction accuracy and personalization, this real-time sensor data is
often integrated with electronic health records (EHRs), which provide long-term clinical information like past
diagnoses, medications, lifestyle factors, and demographic details. Together, these multimodal datasets create a
complete and dynamic profile of each patient, supporting early diagnosis, remote monitoring, and preventive
healthcare. Commonly used benchmark datasets in this domain include the MIT-BIH Arrhythmia Database for ECG-
based cardiac studies, MIMIC-III and MIMIC-IV for ICU and hospital data, UCI Machine Learning Repository
datasets for chronic disease prediction, PhysioNet for multi-parameter physiological signals, and WESAD for emotion
and stress detection using wearable sensors. In addition to these open-access resources, researchers frequently collect
custom datasets from clinical trials or through commercial wearables such as Fitbit, Apple Watch, and Garmin devices,
which record continuous real-world data and patient-reported feedback through mobile applications.

Before training machine learning or deep learning models, several preprocessing steps are crucial to enhance
data quality and ensure reliability. These include noise removal to eliminate artifacts caused by motion or
environmental interference, normalization to maintain consistent data ranges, segmentation of continuous signals into
meaningful time windows, and feature extraction to derive patterns such as heart rate variability or glucose fluctuation
trends. In many studies, data augmentation and imputation methods are also applied to handle missing values and
balance underrepresented classes. Despite these improvements, challenges such as incomplete data, inconsistent
sampling frequencies between devices, hardware calibration differences, and privacy concerns still pose major
obstacles to developing reliable Al models. Furthermore, limited dataset diversity across age groups, ethnicities, and
health conditions affects model generalizability. To overcome these limitations, future research should prioritize
creating standardized, diverse, and secure datasets that combine wearable, clinical, and lifestyle information.
Integrating such datasets with advanced Al techniques like federated learning and edge computing can enhance data
privacy and computational efficiency, paving the way for more accurate, ethical, and globally applicable wearable
healthcare system.

5. Implementation

The “Medical Tracker App and Wearable Health Band” focuses on integrating hardware components,
software modules, and cloud-based analytics to create a seamless, real-time health monitoring system. The hardware
setup includes biomedical sensors such as the MAX30105 for measuring heart rate and oxygen saturation, the
MPX5050 for monitoring blood pressure, and a gyroscope sensor for detecting body movements or falls. These sensors
are interfaced with the ESP32 microcontroller, which acts as the central processing unit responsible for collecting data
from all sensors and transmitting it wirelessly to the cloud using Wi-Fi connectivity. A stable 5V DC power supply
ensures continuous operation of the microcontroller and sensors. Once the sensor data reaches the cloud, it undergoes

a series of processing stages including data cleaning, normalization, and preprocessing to remove noise and handle
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missing values. The refined data is then analyzed using a machine learning model that employs an ensemble of
algorithms Random Forest, AdaBoost, and Naive Bayes combined through a Voting Classifier to generate accurate
health predictions. The trained model identifies potential health risks, such as irregular heartbeat or abnormal blood
pressure, based on real-time sensor readings. The system’s output is displayed through a user-friendly mobile
or web application that provides continuous visualization of vital health parameters, instant alerts in case of abnormal
readings, and personalized health recommendations. The app also enables remote access for doctors or caregivers,
allowing them to monitor patient health in real time and respond promptly in case of emergencies. All modules,
including sensor inputs, data transmission, cloud processing, model training, and result visualization, are
interconnected to form a continuous feedback loop that ensures smooth data flow and reliable system performance.
Overall, the implementation demonstrates a well-integrated IoT and Al-based health monitoring solution designed to
support proactive healthcare management through automation, real-time analysis, and intelligent decision-making.

5.1 Hardware Implementation

The hardware implementation of the “Medical Tracker App and Wearable Health Band” integrates multiple
biomedical sensors with the ESP32 microcontroller for real-time health monitoring. The setup includes a Heart Rate
Sensor (MAX30105) for pulse and oxygen saturation, a Blood Pressure Sensor (MPX5050) for systolic and diastolic
readings, and a Gyroscope Sensor for detecting body movement or falls. The ESP32 acts as the central unit,
collecting sensor data and transmitting it to the cloud via Wi-Fi for further analysis. A +5V DC power supply
ensures stable operation of all components, enabling accurate and continuous health data acquisition.

5.2 Cloud and Data Processing Implementation

In the cloud and data processing implementation of the “Medical Tracker App and Wearable Health Band,”
the sensor data transmitted from the ESP32 undergoes several processing stages to ensure accuracy and reliability.
First, during the preprocessing stage, the raw data is filtered to remove noise, eliminate errors, and handle missing or
inconsistent values. This step ensures that only clean and meaningful data is used for analysis. Next, data normalization
is performed to scale all data values within a fixed range, maintaining uniformity and minimizing bias during the
training of machine learning models. Finally, the processed dataset is split into training and testing sets in an 80:20
ratio, allowing the system to evaluate model performance effectively. These stages collectively prepare the data for
accurate prediction and analysis, forming the core of the intelligent health monitoring process.

5.3 Machine Learning Model Implementation

The machine learning model implementation in the “Medical Tracker App and Wearable Health Band”
utilizes a Voting Classifier that combines three algorithms Random Forest, AdaBoost, and Naive Bayes to enhance
prediction accuracy and reliability. This ensemble approach leverages the individual strengths of each classifier,
resulting in more robust and precise health predictions. The model is trained using both historical and simulated
datasets to recognize patterns associated with various health conditions. Once trained, the model is stored as a Trained
Model for real-time use. When live sensor data from the ESP32 is received, it is processed and fed into this model to

predict potential health abnormalities such as irregular heartbeats or elevated blood pressure levels. This enables
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proactive monitoring and timely detection of health risks.
5.4 Application and Display Implementation

The application and display implementation of the “Medical Tracker App and Wearable Health Band”
presents the final prediction results to users through an interactive mobile or web-based interface. The application
provides real-time visualization of the user’s vital health parameters, such as heart rate, blood pressure, and oxygen
level, allowing continuous monitoring. It also generates instant alerts whenever abnormal readings are detected,
ensuring that users receive timely warnings about potential health risks. Furthermore, the app offers personalized
health recommendations and suggestions for medical consultation based on the analyzed data. In addition, doctors and
caregivers can remotely access the same data and predictions through a connected display unit, enabling efficient
remote health monitoring and quick medical intervention when necessary. This interface enhances user engagement,
promotes proactive healthcare, and bridges the communication gap between patients and healthcare providers.

5.5 System Integration

The system integration of the “Medical Tracker App and Wearable Health Band” brings together all key
modules sensor input, ESP32 data transmission, cloud processing, machine learning model training, and application
visualization into a unified and seamless framework. These components work collaboratively to form a continuous
feedback loop, where data collected from sensors is transmitted to the cloud, processed, analyzed, and instantly
displayed to users. This real-time integration ensures that patient health data is continuously monitored and updated,
enabling accurate tracking of vital signs and timely identification of abnormalities. By connecting all functional units
into a cohesive system, the project effectively supports continuous health monitoring, intelligent decision-
making, and rapid medical response, enhancing the overall efficiency and reliability of healthcare management.

6. Result And Discussion

The results of the “Medical Tracker App and Wearable Health Band” project indicate strong progress toward
achieving the system’s intended goals, showing that the design and implementation framework have been effectively
developed and are moving toward full realization. The system demonstrates the integration of multiple components
hardware, software, and cloud-based analytics working together to enable continuous health monitoring and proactive
medical support. Through extensive design and preliminary testing, the sensors such as MAX30105 (for heart rate
and oxygen levels), MPX5050 (for blood pressure), and a gyroscope (for motion detection) have shown reliable data
collection when interfaced with the ESP32 microcontroller. These sensors effectively capture physiological signals
and transmit them to the cloud for processing, supporting the project’s aim of achieving real-time health tracking.
The machine learning framework designed for the system, combining Random Forest, AdaBoost, and Naive Bayes
algorithms through a Voting Classifier, has produced promising analytical results during simulation and testing
phases. The ensemble model has demonstrated potential in identifying abnormal health conditions, such as irregular
pulse rates or elevated blood pressure, with encouraging prediction accuracy. Similarly, the mobile application
prototype has been developed to display real-time health parameters, issue alerts in response to irregular readings,

and provide personalized health insights to users. This app interface allows patients, caregivers, and doctors to remain
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connected through a streamlined and accessible platform.

The initial evaluations of the system highlight its capacity for real-time data transmission, low latency, and
efficient health prediction, suggesting that the project is moving steadily toward achieving a fully functional and
reliable system. The coordinated interaction between the sensors, microcontroller, and cloud-based machine learning
algorithms reflects the feasibility and scalability of the proposed approach. Once the remaining refinements and
validation tests are completed, the system is expected to perform with high stability and accuracy under real-world
conditions.

Overall, the results and observations so far show that the “Medical Tracker App and Wearable Health Band”
project has established a strong technological foundation. The progress achieved in integrating [oT, Al, and wearable
technology demonstrates the system’s potential to enhance healthcare accessibility, enable early detection of health
risks, and promote personalized medical support for users. These outcomes indicate that the project is on a promising

path toward realizing an intelligent, real-time, and user-friendly healthcare monitoring solution.
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Figure 3: Comparison of Existing and Proposed System

The “Medical Tracker App and Wearable Health Band” project illustrates the overall progress across various
stages of development, providing a clear comparison between the completed and ongoing phases. It shows that the
initial stages such as domain and problem identification, literature review, objective formulation, methodology design,
and work plan creation have reached a high level of completion, reflecting that the groundwork of the project has been
thoroughly established with clear goals, design frameworks, and planned methodologies. In contrast, the
implementation-related phases, including system development, testing and validation, result analysis, and final
documentation, display lower completion levels, indicating that these stages are still in progress. This suggests that
while the research and design phases have been successfully completed, the practical realization of the system is

currently being developed and refined. The graph, therefore, visually emphasizes the transition of the project from the
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planning stage to the execution stage, highlighting that a strong conceptual and technical foundation has been laid,

and the next focus is on achieving full-scale implementation, testing, and optimization of the Medical Tracker App

and Wearable Health Band for real-time healthcare monitoring and analysis.
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