
          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                        Volume: 08 Issue: 04 | April - 2024                                SJIF Rating: 8.448                            ISSN: 2582-3930    

 

© 2024, IJSREM      | www.ijsrem.com                           DOI: 10.55041/IJSREM30134                                  |        Page 1 

Revolutionizing Health Management: Developing a Wearable Device for Real-

time Heart Rate Measurement and Prediction of Hypertension Risks 

 

Prof. Shweta Kakade1, Yash Pawar2, Aakash Naralkar3, Samarth Chincholkar4, Abhay Rathod5      

1Professor at Department of Artificial Intelligence & Data Science, ZEAL College of Engineering & Research, Pune 
2345Student at Department of Artificial Intelligence & Data Science, ZEAL College of Engineering & Research, Pune 

 
---------------------------------------------------------------------***---------------------------------------------------------------------
Abstract - This research paper introduces SyncFit, a 

wearable gadget coupled with a web platform for instant heart 

rate monitoring and hypertension risk forecasting. The gadget 

employs a Python-based random forest algorithm to scrutinize 

heart rate data and anticipate abnormal rates signaling 

hypertension risk. The web platform, constructed with 

Streamlit and Firebase, grants users access to their heart rate 

analysis and hypertension risk evaluation. The research 

showcases SyncFit's capability to transform health 

management by enabling individuals to proactively monitor 

their health and predict risks, thereby facilitating optimization 

of their wellness journey. 

 

SyncFit enhances user experience with a range of features 

beyond its core functions, ensuring effortless integration into 

daily routines. Its sleek, ergonomic design prioritizes comfort, 

enabling seamless wear throughout the day. Additionally, its 

intuitive interface and user-friendly controls facilitate easy 

navigation and customization, catering to diverse user 

preferences. SyncFit's robust construction and advanced tech 

establish a new benchmark for wearable health monitors, 

blending style and functionality to empower users in their 

wellness journey. 

 

SyncFit commits to constant improvement and innovation, with 

ongoing R&D aimed at expanding capabilities and addressing 

emerging health challenges. Future versions will integrate more 

sensors and advanced analytics, offering a deeper 

understanding of health. Integration with AI and cloud tech will 

revolutionize personalized health management, making 

preventive care proactive, empowering individuals to optimize 

well-being. 

 

Key Words:  wearable device, heart rate, hypertension risk, web 

application, machine learning, artificial intelligence, streamlit. 

 

 

1.INTRODUCTION  

 
Healthcare management has experienced notable 

progressions with the fusion of technology, notably with 
wearable gadgets that enable continuous monitoring of 
essential body functions. Within these functions, heart rate 
emerges as a pivotal gauge of cardiovascular well-being, 
offering valuable clues regarding potential ailments like 
hypertension. Hypertension, marked by heightened blood 
pressure levels, stands as a significant precursor to numerous 
cardiovascular ailments and frequently manifests without 
apparent symptoms until complications surface. Timely 
identification and proactive handling of hypertension play a 

crucial role in mitigating the impact of cardiovascular diseases 
on health and mortality rates. 

To address the increasing demand for tailored health 
monitoring tools, we introduce SyncFit, a wearable gadget 
engineered for real-time heart rate measurement and 
hypertension risk anticipation. SyncFit merges advanced 
technology with machine learning algorithms to furnish users 
with practical understandings of their cardiovascular fitness. 
Through the utilization of SyncFit, individuals can 
preemptively track their heart rate and detect initial indications 
of hypertension, enabling informed choices about their health 
and overall welfare. 
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Our research began with a thorough review of literature on 

wearable devices for health monitoring and hypertension 

prediction. We examined various methodologies, including 

wearable sensors, machine learning, and web applications, 

identifying opportunities for innovation. This led to the creation 

of SyncFit, a wearable device for real-time heart rate and 

hypertension risk monitoring. Our aim was to advance 

wearable technology in health management, specifically in 

proactive hypertension assessment.  

 

Brief Study on Hypertension –  

Hypertension, commonly known as the "silent killer," is a 

medical condition marked by elevated blood pressure levels, 

often without any obvious signs or symptoms. The absence of 

noticeable discomfort frequently results in individuals 

disregarding or underestimating the seriousness of the 

condition, elevating the likelihood of severe complications. 

Although some individuals with hypertension may encounter 

symptoms like headaches, dizziness, or palpitations, many 

remain without symptoms until substantial harm has already 

transpired. 

Table 1 - 

Classification Systolic pressure               Diastolic pressure                                                                                                                                                
(mmHg)                                      (mmHg) 

 

Normal <120                   and                  <80 

Prehypertension 120-139                 or                  80-89 

First stage of 
hypertension (mild) 

140-159                 or                  90-99 

Second stage of 
hypertension (medium 

and severe) 

>160                      or                   >100 

 

Table 1 delineates the classification standards for adult 

hypertension, organizing blood pressure measurements into 

normal, prehypertensive, and different stages of hypertension 

based on systolic and diastolic pressure values. SyncFit, our 

wearable technology, tackles the hurdle of early detection and 

tracking by furnishing users with real-time heart rate 

information and forecasts for hypertension risk. By notifying 

users of irregular heart rate patterns suggestive of 

hypertension risk, SyncFit fosters proactive health monitoring 

and intervention. 

 

3.Methods 
The development of SyncFit involved several key 

components, including hardware design, software 
implementation, and machine learning algorithm development. 

 

1. Hardware Design: SyncFit, the wearable device, was 
meticulously crafted to prioritize attributes such as 
lightweight, comfort, and unobtrusiveness, ensuring 

users could wear it continuously throughout the day 
without inconvenience. Equipped with optical sensors 
for precise heart rate monitoring and wireless 
connectivity for seamless data transfer to the 
accompanying web application. 

2. Software Implementation: The web application was 
constructed utilizing Streamlit, a Python library 
tailored for crafting dynamic web interfaces. It 
furnishes users with a secure login portal and a real-
time dashboard for accessing their heart rate analysis. 
Moreover, it offers functionalities for visualizing 
historical data and receiving alerts for irregular heart 
rates indicating potential hypertension risk. 

3. Machine Learning Algorithm: The backend 
machine learning model was established using 
Anaconda, a Python distribution optimized for 
scientific computations. Employing a random forest 
classifier, the algorithm dissects heart rate data to 
forecast the probability of hypertension, guided by 
predefined risk thresholds. Trained on a dataset 
comprising annotated heart rate records from 
individuals both with and without hypertension, the 
model ensures robust and precise risk assessments. 
 
 

4.Architecture 

 

In our pursuit of developing SyncFit, an innovative 

wearable device designed for real-time heart rate monitoring 

and prediction of hypertension risk, we meticulously followed 

a comprehensive research methodology. This methodology 

consisted of two fundamental stages: the Data Collection Layer 

and the Data Processing Unit. 

 

Data Collection Layer: 

 

At the forefront of our research methodology lies the Data 

Collection Layer, where our focus was on seamlessly 

integrating cutting-edge sensors into the SyncFit device. Our 

strategy involved incorporating Optical Heart Rate sensors and 

Accelerometer sensors into the ESP32 board, strategically 

positioned to capture both heart rate data and physical activity 

metrics. By leveraging the capabilities of these advanced 

sensors, SyncFit ensures precise and dependable data 

acquisition, enabling users to obtain actionable insights into 

their cardiovascular health in real-time. 

 

Data Processing Unit: 

 

Following the acquisition of raw sensor data, our research 

methodology shifted to the Data Processing Unit, where we 

implemented sophisticated algorithms to convert raw data into 

meaningful insights. This unit comprises two essential 

components: Data Pre-processing and Feature Extraction. In 

the Data Pre-processing phase, we utilized advanced 

techniques such as noise reduction, filtering, and normalization 

to improve the quality and reliability of the collected data. This 

thorough pre-processing ensures that subsequent analysis is 
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based on accurate and consistent data, thereby enhancing the 

reliability of SyncFit's predictions. Subsequently, in the Feature 

Extraction stage, we employed state-of-the-art algorithms to 

extract relevant features from the pre-processed data. These 

features, which include heart rate variability and activity 

patterns, serve as crucial indicators of cardiovascular health and 

hypertension risk. Through systematic extraction and analysis 

of these features, SyncFit offers users actionable insights and 

personalized recommendations, empowering them to actively 

manage their cardiovascular well-being. 

Machine Learning Model Layer: 

 

In the quest to enhance SyncFit's predictive capabilities for 

hypertension risk and blood pressure estimation, we've 

established a robust Machine Learning Model Layer. This layer 

serves as the cornerstone of SyncFit's intelligence, leveraging 

advanced algorithms to analyze complex data patterns. Our 

approach encompasses two key phases: Model Development 

and Training. 

 

1. Model Development - 

At the heart of our model development lies the use of 

Machine Learning algorithms, with a focus on the 

Random Forest Algorithm. Random Forest utilizes 

multiple decision trees, each trained on different data 

subsets, to generate accurate predictions. The decision 

tree algorithm, a crucial element of Random Forest, 

employs the Gain Ratio formula to identify the 

optimal attribute for node splitting. This formula 

evaluates changes in parent and child node purity, 

guiding the tree's branching process towards attributes 

most indicative of hypertension risk. 

 

2. Training - 

During the Training Phase, our models undergo 

extensive optimization using historical data and 

extracted features. This phase entails feeding pre-

processed data into the Random Forest Algorithm to 

improve its accuracy and predictive capabilities. 

Through iterative adjustment of model parameters and 

evaluation of performance metrics, we ensure that 

SyncFit's predictions closely align with ground truth 

observations. 

 

3. Decision Tree Algorithm - 

The Decision Tree Algorithm plays a pivotal role in 

the model development process. Data pre-processing 

involves classifying attributes based on their 

relevance to medical records. The C5.0 algorithm is 

utilized for decision tree analysis, employing the Gain 

Ratio formula to identify optimal attribute splits. 

Higher Gain Ratios indicate attributes with greater 

predictive power for hypertension risk and 

cardiovascular complications. 

 

Gain Ratio = Split Information 

                      Information Gain 

 

o Information Gain: Measures the reduction 

in uncertainty or entropy achieved by 

splitting the data based on a particular 

attribute. It is calculated using the entropy of 

the parent node and the weighted average 

entropy of the child nodes after splitting. 

 

o Split Information: Represents the amount 

of information required to split the data based 

on the chosen attribute. It is calculated using 

the entropy or Gini impurity of the attribute 

values. 

 

4. Bayes' Theorem Algorithm – 

Complementing our model is the Bayes' Theorem 

Algorithm, providing probabilistic predictions based 

on observed data. This algorithm calculates the 

probability of disease incidence given prior 

information and current observations. By integrating 

Bayes' theorem with decision tree models, SyncFit 

generates fractional projections for undiagnosed 

patients, enabling personalized risk assessment and 

intervention strategies. 

 

              P(A∣B) =                 P(D∣S)×P(D) 

                              P(S∣D)×P(D)+P(S∣¬D)×P(¬D) 

 

Explanation of Variables: 

o P(A∣B) = Disease probability, indicating the 

likelihood of an individual having 

hypertension given observed features. 

o P(A) = Model A, representing the prior 

probability of hypertension. 

o P(B) = Observation results, comprising 

extracted features from decision tree models 

o P(A̅) = Non-model, denoting the prior 

probability of not having hypertension. 
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5.Architectural Workflow 
 

 

6.Software Tools Used  

 

a) Software for the Device: 

 

ESP32 Programming with Arduino IDE: 

 

Our device development centers around the ESP32 board, with 

programming facilitated through the Arduino IDE. This 

platform provides an intuitive interface for coding, compiling, 

and uploading to the ESP32. 

Arduino Libraries: 

 

We utilize various Arduino libraries to complement our 

development efforts. For example, the TFT eSPI library aids in 

display driving and efficient graphics handling. Additionally, 

hardware-specific libraries for sensors like heart rate (HR) 

sensors and accelerometers enhance the device's functionality 

. 

b) Software for the Web App: 

 

Front End Development Tools: 

 

The front end of our web app is created using standard web 

development tools. Python and Streamlit are employed to 

ensure a responsive and visually appealing user interface, 

enhancing overall user experience. 

 

Backend Logic: 

 

The web app's core functionality, including predictions and 

suggestions, relies on advanced machine learning and deep 

learning techniques implemented in Python. Specifically, we 

employ a Machine Learning Model trained with the Random 

Forest algorithm to analyze device-collected data and offer 

insightful guidance to users. 

 

Database Handling: 

 

Our database strategy involves real-time synchronization with 

the device for seamless data integration. Firebase is integrated 

for secure user authentication methods, ensuring protected 

access to the web app.  

 

7.Figure 
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8.Conclusion 
 

In summary, SyncFit stands as a pioneering solution poised to 

transform health management by enabling real-time heart rate 

monitoring and hypertension risk anticipation. Harnessing the 

potential of wearable tech and machine learning, SyncFit 

empowers individuals to manage their cardiovascular health 

actively and embark on a path towards peak wellness. 

Subsequent research and development endeavors will center on 

fine-tuning SyncFit's algorithms, augmenting its precision and 

user-friendliness, and broadening its scope to include 

additional health metrics. 

 

1. Enhanced Sensor Integration: Delve into 

incorporating additional sensors beyond heart rate 

monitoring to capture a wider array of health metrics 

such as blood oxygen levels, temperature, and activity 

tracking. This extension aims to furnish users with a 

more holistic view of their health status, enabling 

SyncFit to furnish more tailored insights and 

recommendations. 

2. Personalized Health Insights: Allocate resources 

towards refining machine learning algorithms to 

furnish personalized health insights tailored to 

individual users. By factoring in variables such as age, 

gender, medical history, and lifestyle habits, SyncFit 

can provide customized recommendations and alerts, 

empowering users to make well-informed decisions 

regarding their health and wellness. 

3. Seamless User Experience: Continuously refine the 

user interface and user experience of SyncFit's web 

platform and mobile application. Ensuring intuitive 

navigation, simple data visualization, and effortless 

integration into users' daily routines will elevate user 

engagement and satisfaction, ultimately fostering 

long-term adoption and triumph of the SyncFit 

platform. 
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