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ABSTRACT  

Obesity is a major global health concern that 

significantly affects various physiological 

systems, including the autonomic nervous 

system (ANS). The ANS plays a crucial role in 

regulating heart rate, blood pressure, and other 

vital functions, and its imbalance can lead to 

serious cardiovascular complications. Heart 

Rate Variability (HRV) is a non-invasive 

measure widely used to assess the functioning 

of the ANS. This project proposes a machine 

learning-based approach to study the impact of 

obesity on the autonomic nervous system using 

HRV features. The system utilizes HRV 

datasets collected from individuals with 

different body mass index (BMI) levels. 

Preprocessing techniques such as noise 

removal, normalization, and feature extraction 

are applied to obtain meaningful HRV 

parameters, including time-domain, frequency-

domain, and non-linear features. Machine 

learning algorithms such as Support Vector 

Machines (SVM), Random Forest, and Logistic 

Regression are employed to classify subjects 

based on obesity levels and analyze ANS 

activity. The dataset is divided into training and 

testing sets to evaluate model performance 

using metrics such as accuracy, precision, 

recall, and F1-score. Experimental results 

demonstrate that machine learning models can 

effectively identify patterns in HRV data and 

distinguish between obese and non-obese 

individuals with high accuracy. This approach 

provides valuable insights into the relationship 

between obesity and ANS dysfunction, 

enabling early detection of health risks and 

supporting preventive healthcare strategies. 

Keywords : Obesity, Heart Rate Variability 

(HRV), Autonomic Nervous System, Machine 

Learning, SVM, Random Forest, Healthcare 

Analytics, Biomedical Signal Processing, 

Classification, Predictive Modeling 

I. INTRODUCTION 

Obesity has emerged as one of the most 

significant public health challenges worldwide, 

affecting millions of individuals across 

different age groups. It is associated with 

various chronic conditions such as 

cardiovascular diseases, diabetes, hypertension, 

and metabolic disorders. One of the critical yet 

often overlooked effects of obesity is its impact 

on the autonomic nervous system (ANS), 

which regulates involuntary physiological 

functions including heart rate, blood pressure, 

and respiration. An imbalance in ANS activity, 

International Journal of Engineering Science and Advanced Technology(IJESAT) Vol 26 Issue 04, April, 2026

ISSN:2250-3676 www.ijesat.com Page 1872 of 1877



particularly reduced parasympathetic activity 

and increased sympathetic dominance, can lead 

to serious health complications. Therefore, 

understanding the relationship between obesity 

and ANS functioning is essential for early 

diagnosis and preventive healthcare. 

Heart Rate Variability (HRV) is a widely used 

non-invasive biomarker for assessing the 

functioning of the autonomic nervous system. 

HRV measures the variation in time intervals 

between consecutive heartbeats and provides 

valuable insights into the balance between 

sympathetic and parasympathetic nervous 

activities. Lower HRV is often associated with 

poor cardiovascular health and increased risk 

of diseases. In recent years, HRV analysis has 

gained attention as an effective tool for 

studying physiological changes related to 

obesity. However, manual analysis of HRV 

data can be complex and time-consuming, 

especially when dealing with large datasets. 

With the advancement of machine learning, it 

is now possible to analyze complex biomedical 

data efficiently and accurately. Machine 

learning algorithms can identify patterns and 

relationships within HRV features that may not 

be easily detectable through traditional 

methods. In this project, a machine learning-

based approach is proposed to study the impact 

of obesity on the autonomic nervous system 

using HRV features. The system processes 

HRV data through preprocessing and feature 

extraction techniques and applies classification 

algorithms to distinguish between different 

obesity levels. This approach provides a data-

driven solution for understanding ANS 

behavior and supports early detection of 

obesity-related health risk 

II SURVEY OF RESEARCH 

1. Obesity and Autonomic Nervous System 

(ANS) 

Obesity has been widely studied for its impact 

on the autonomic nervous system. Research 

indicates that obese individuals often exhibit an 

imbalance in ANS activity, characterized by 

increased sympathetic activity and reduced 

parasympathetic response. This imbalance can 

lead to cardiovascular complications such as 

hypertension and heart disease. Studies have 

shown that obesity alters physiological 

regulation, affecting heart rate and blood 

pressure control. Understanding these changes 

is crucial for early detection and prevention of 

health risks. This project focuses on analyzing 

ANS behavior using HRV features to identify 

such imbalances. 

2. Heart Rate Variability (HRV) Analysis 

HRV is a key indicator used to assess 

autonomic nervous system functioning. It 

measures the variation between consecutive 

heartbeats and provides insights into 

cardiovascular health. Research highlights that 

HRV can be analyzed using time-domain, 

frequency-domain, and non-linear features. 
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Lower HRV values are often associated with 

stress, obesity, and other health conditions. 

HRV analysis has become an important tool in 

biomedical research due to its non-invasive 

nature. This project utilizes HRV features to 

study the physiological effects of obesity. 

3. Machine Learning in Healthcare 

Machine learning techniques have been 

increasingly applied in healthcare for disease 

prediction, diagnosis, and monitoring. 

Algorithms such as Support Vector Machines 

(SVM), Random Forest, and Logistic 

Regression are commonly used for 

classification tasks. Research shows that 

machine learning models can effectively 

analyze complex biomedical data and identify 

patterns that are not easily visible through 

traditional methods. This project applies 

machine learning algorithms to classify 

individuals based on HRV features and obesity 

levels. 

4. Feature Extraction and Data 

Preprocessing 

Feature extraction plays a crucial role in 

improving the performance of machine 

learning models. In HRV analysis, features are 

extracted from raw ECG signals to represent 

physiological characteristics. Preprocessing 

techniques such as noise removal, 

normalization, and signal filtering are applied 

to improve data quality. Research indicates that 

proper preprocessing enhances model accuracy 

and reliability. This project uses preprocessing 

techniques to prepare HRV data for machine 

learning analysis. 

5. Classification Techniques for Biomedical 

Data 

Classification algorithms are widely used to 

categorize biomedical data into different 

classes. Research highlights that models such 

as SVM and Random Forest provide high 

accuracy in classification tasks involving 

physiological data. These models can handle 

non-linear relationships and complex patterns 

in data. This project compares different 

classification algorithms to identify the most 

effective model for analyzing the impact of 

obesity on ANS. 

6. Evaluation Metrics and Challenges 

Evaluating machine learning models in 

healthcare requires metrics such as accuracy, 

precision, recall, and F1-score. Research 

emphasizes the importance of using multiple 

metrics to ensure reliable performance 

evaluation. Challenges in this domain include 

data imbalance, noise in signals, and variability 

in physiological data. This project addresses 

these challenges by applying appropriate 

preprocessing techniques and evaluating model 

performance using standard metrics. 

III. WORKING METHODOLOGY 

The proposed system begins with the collection 

and preprocessing of Heart Rate Variability 
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(HRV) data obtained from individuals with 

different Body Mass Index (BMI) levels. The 

raw HRV signals are derived from ECG 

recordings, which may contain noise and 

artifacts due to movement, sensor errors, or 

environmental factors. Therefore, 

preprocessing techniques such as filtering, 

noise removal, and normalization are applied to 

improve signal quality. After cleaning the data, 

relevant HRV features are extracted, including 

time-domain features (such as mean RR 

interval and SDNN), frequency-domain 

features (such as LF and HF components), and 

non-linear features. These features represent 

the activity of the autonomic nervous system 

and are essential for further analysis. The 

processed dataset is then labeled based on 

obesity categories and divided into training and 

testing sets, typically using an 80:20 ratio for 

effective model evaluation. 

In the next phase, machine learning algorithms 

are implemented to analyze the relationship 

between HRV features and obesity. Models 

such as Support Vector Machines (SVM), 

Random Forest, and Logistic Regression are 

trained using the extracted features. These 

algorithms learn patterns in the data that 

distinguish between obese and non-obese 

individuals based on ANS activity. 

Hyperparameter tuning is performed to 

optimize model performance by adjusting 

parameters such as kernel functions, tree depth, 

and regularization values. During training, the 

models iteratively update their parameters to 

minimize classification errors. The trained 

models are then evaluated on the testing dataset 

using performance metrics such as accuracy, 

precision, recall, and F1-score. Comparative 

analysis is conducted to identify the best-

performing algorithm. 

Finally, the trained model is used for prediction 

and analysis of new HRV data. The system 

takes HRV input from new subjects and 

classifies them based on obesity-related ANS 

patterns. The results are presented through a 

user-friendly interface along with 

visualizations such as graphs and charts to 

illustrate differences in HRV features across 

categories. These visualizations help in 

understanding the impact of obesity on the 

autonomic nervous system. The system 

provides insights into physiological changes 

and can be used as a decision support tool for 

healthcare professionals. This methodology 

ensures an accurate, efficient, and scalable 

approach for studying obesity-related ANS 

behavior using machine learning. 

IV RESULTS EXPLANATIONS 

The experimental results of the proposed 

system demonstrate the effectiveness of 

machine learning algorithms in analyzing the 

impact of obesity on the autonomic nervous 

system using HRV features. After training 

models such as Support Vector Machines 

(SVM), Random Forest, and Logistic 
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Regression, the system achieved high 

classification accuracy in distinguishing 

between obese and non-obese individuals. 

Among these models, Random Forest showed 

superior performance due to its ability to 

handle complex and non-linear relationships in 

biomedical data. The evaluation metrics such 

as accuracy, precision, recall, and F1-score 

indicate that the models can reliably classify 

HRV patterns associated with different obesity 

levels. The results confirm that HRV features 

are strong indicators of autonomic nervous 

system activity and can effectively reflect 

physiological changes caused by obesity. 

Further analysis was conducted using graphical 

visualizations to understand model behavior 

and feature importance. Performance 

comparison graphs show that Random Forest 

outperforms other models in terms of accuracy 

and stability. Feature importance analysis 

reveals that frequency-domain features such as 

LF (Low Frequency) and HF (High Frequency) 

components play a significant role in 

classification, as they represent sympathetic 

and parasympathetic activities respectively. 

Time-domain features such as SDNN also 

contribute significantly to the prediction. These 

insights highlight how obesity affects the 

balance of the autonomic nervous system. 

Visualization tools such as bar charts and 

scatter plots help in understanding the 

distribution of HRV features across different 

categories. 

The system also provides a user-friendly 

interface where HRV data can be input to 

obtain classification results. The predictions 

align with known medical findings, indicating 

reduced HRV in obese individuals compared to 

non-obese individuals. Although minor 

variations may occur due to dataset limitations, 

the overall system demonstrates consistent and 

reliable performance. The results validate that 

machine learning techniques can effectively 

analyze complex physiological data and 

provide meaningful insights into the 

relationship between obesity and autonomic 

nervous system functioning. This makes the 

system a valuable tool for healthcare research 

and preventive diagnostics. 

V. CONCLUSION 

This project demonstrates the design and 

implementation of a real-time bank transaction 

fraud detection system that effectively 

combines the power of Apache Kafka’s 

streaming platform with advanced machine 

learning techniques. By leveraging Kafka’s 

high-throughput and low-latency data 

processing capabilities, the system is able to 

ingest and analyze massive streams of 

transaction data continuously, enabling 

immediate identification of potentially 

fraudulent activities. 

The integration of machine learning models 

allows for dynamic and accurate classification 

of transactions based on evolving behavioral 
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patterns and transaction characteristics. This 

adaptability significantly improves detection 

accuracy while minimizing false positives, 

which is critical for maintaining customer trust 

and operational efficiency. The system’s 

scalable and fault-tolerant architecture ensures 

robust performance even under heavy 

transaction loads, making it suitable for real-

world banking environments. Additionally, the 

implementation of a real-time alerting 

mechanism and monitoring dashboard provides 

banking authorities with timely insights and 

actionable information, enhancing their ability 

to respond quickly to threats. Security 

considerations such as data encryption and 

access control further strengthen the system’s 

reliability and compliance with regulatory 

standards. Overall, this project highlights the 

importance of integrating real-time streaming 

technologies with intelligent analytics to 

address the increasing challenges of financial 

fraud. The proposed solution not only enhances 

the security infrastructure of banking 

institutions but also sets a foundation for future 

advancements in proactive fraud prevention. 
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