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Abstract. Electrocardiogram (ECG) signal analysis is a critical task in healthcare for diagnosing 

cardiovascular conditions such as arrhythmias, heart attacks, and other heart-related diseases. With the growth 

of Internet of Things (IoT) networks, real-time ECG monitoring has become possible through wearable 

devices and sensors, providing continuous patient health monitoring. However, real-time ECG signal analysis 

in IoT environments poses several challenges, including data latency, limited computational power of IoT 

devices, and energy constraints. This paper proposes a framework for Optimized Machine Learning 

Algorithms designed to analyze ECG signals in real time within IoT networks. The proposed system 

leverages lightweight machine learning models, including support vector machines (SVM) and convolutional 

neural networks (CNNs), optimized to run efficiently on low-power IoT devices while maintaining high 

accuracy. The system addresses the computational limitations of IoT devices by employing edge computing 

techniques that distribute the processing load between IoT devices and edge servers. Additionally, data 

compression and feature extraction techniques are applied to reduce the size of the data transmitted over the 

network, thereby minimizing latency and bandwidth usage. This paper reviews the current advancements in 

real-time ECG analysis, explores the challenges posed by IoT environments, and presents the optimized 

machine learning algorithms that enhance real-time monitoring of heart health. The system is evaluated for its 

performance in terms of accuracy, energy efficiency, and data transmission speed, showing promising results 

in improving real-time ECG signal analysis in resource-constrained IoT networks. 
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Convolutional Neural Networks (CNNs), Support Vector Machines (SVM), Data Compression, Feature 
Extraction, Energy Efficiency, Healthcare Monitoring. 

1. INTRODUCTION 

The global burden of cardiovascular diseases (CVDs) has prompted a surge in demand for real-time heart 

monitoring technologies. Electrocardiograms (ECGs), which measure the electrical activity of the heart, are 

widely used to detect abnormal heart rhythms, cardiac arrhythmias, and other heart-related disorders. 

Traditionally, ECG signals are recorded in clinical settings under the supervision of healthcare professionals. 

However, advances in Internet of Things (IoT) technologies have revolutionized healthcare by enabling 

continuous monitoring of patients through wearable devices and wireless sensors. 

The integration of IoT with healthcare has led to the development of remote monitoring systems, where 

real-time ECG data is collected by wearable devices and transmitted to healthcare providers for immediate 

analysis. These systems are especially beneficial for elderly patients and individuals at risk of heart disease, as 

they provide constant monitoring and allow early detection of potential health issues. However, the real-time 

analysis of ECG signals in IoT networks presents several challenges, including data latency, limited 

computational resources of IoT devices, energy consumption, and communication delays. 
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Machine learning (ML) has emerged as a powerful tool for analyzing ECG signals, enabling the 

classification of heart conditions based on patterns in the data. However, traditional machine learning models 
are often computationally intensive and may not be well-suited for resource-constrained IoT environments. 

Therefore, it is necessary to optimize these algorithms to ensure efficient and accurate real-time ECG signal 

analysis in IoT networks. This paper presents a framework for optimized machine learning algorithms that 

address the limitations of IoT devices, focusing on lightweight models such as support vector machines (SVM) 

and convolutional neural networks (CNNs). The framework also incorporates edge computing techniques to 

distribute the computational load between IoT devices and nearby edge servers, ensuring that real-time data 

processing is achieved without compromising energy efficiency. 

This paper discusses the importance of real-time ECG analysis in healthcare, reviews the current 

approaches to ECG signal processing in IoT environments, and proposes optimized machine learning algorithms 

for improving the efficiency and accuracy of real-time heart monitoring. 

2. LITERATURE SURVEY 

The use of machine learning (ML) algorithms for analyzing ECG signals has gained significant attention in 

recent years. Machine learning models have demonstrated the ability to classify abnormal heart rhythms and 

predict cardiovascular events with high accuracy. For instance, Acharya et al. (2017) applied convolutional 

neural networks (CNNs) to ECG signal classification and achieved state-of-the-art performance in detecting 

arrhythmias. CNNs are particularly effective in capturing the temporal and spatial features of ECG signals, 

making them suitable for heart condition diagnosis. However, CNN models are computationally demanding, 

requiring significant processing power and memory, which poses a challenge in resource-constrained IoT 

environments. 

The concept of real-time ECG monitoring through wearable IoT devices was explored by Zhao et al. 

(2018), who developed a system for continuous ECG signal acquisition and real-time anomaly detection. While 

the system demonstrated the feasibility of real-time monitoring, the authors noted the limitations of existing IoT 

devices in handling large-scale data and performing real-time signal processing due to hardware constraints. 

This highlights the need for optimizing machine learning models to run efficiently on low-power devices. 

To address these challenges, edge computing has emerged as a promising solution for distributed data 

processing. Shi et al. (2016) introduced the concept of edge computing as a way to offload computational tasks 

from IoT devices to nearby edge servers, reducing latency and improving real-time performance. The 
combination of edge computing and machine learning has been explored in several studies. Liu et al. (2020) 

proposed an edge-based ECG monitoring system that used lightweight ML models for real-time analysis. Their 

results showed that distributing the computational load between IoT devices and edge servers significantly 

improved processing speed and reduced power consumption. 

In terms of data transmission, Chen et al. (2019) discussed the importance of data compression and feature 

extraction techniques to reduce the size of ECG data transmitted over IoT networks. By compressing ECG 

signals and extracting relevant features before transmission, the system reduced the amount of data being sent, 

minimizing network bandwidth usage and transmission delays. 

Despite these advancements, there remains a gap in the literature on optimizing machine learning 

algorithms specifically for real-time ECG analysis in IoT environments. This paper seeks to address this gap by 

proposing optimized ML algorithms that balance accuracy, energy efficiency, and computational complexity, 

ensuring that real-time ECG signal analysis can be performed efficiently in IoT networks. 

3. PROPOSED METHODOLGY 

The proposed framework for Optimized Machine Learning Algorithms for Real-Time ECG Signal Analysis 

in IoT networks focuses on improving the efficiency, accuracy, and scalability of ECG monitoring systems in 
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resource-constrained environments. The system is composed of three main components: ECG signal acquisition 

and pre-processing, optimized machine learning models, and edge computing for distributed processing. 

 

FIGURE 1. Computational Diagnostic Techniques for Electrocardiogram Signal Analysis  

ECG Signal Acquisition and Pre-Processing 

ECG signals are continuously collected from patients using wearable IoT devices. These signals are often 

noisy due to motion artifacts and interference, so pre-processing techniques such as bandpass filtering and 

wavelet transforms are applied to remove noise and extract the relevant features. The pre-processed signals are 

segmented into smaller windows, which are then used as input for machine learning models. 

Optimized Machine Learning Models 

The core of the system is the set of optimized machine learning models used for classifying ECG signals in 

real time. Two lightweight models are proposed: 

Support Vector Machines (SVM): SVMs are employed for binary classification tasks such as distinguishing 

between normal and abnormal heart rhythms. SVMs are computationally efficient and well-suited for IoT 

devices with limited resources. 

Convolutional Neural Networks (CNNs): CNNs are used for more complex classification tasks, such as 

detecting specific types of arrhythmias. The CNN model is optimized by reducing the number of layers and 

using smaller kernel sizes to minimize computational overhead. Additionally, the CNN is trained using 

quantized weights to reduce memory usage without sacrificing accuracy.  
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Edge Computing for Distributed Processing 

To address the computational limitations of IoT devices, the system uses edge computing to distribute the 

processing load between the IoT devices and edge servers. IoT devices perform initial signal pre-processing and 

feature extraction, while more complex tasks, such as training and updating the machine learning models, are 

offloaded to edge servers. This approach reduces latency and ensures that the system can analyze ECG signals 

in real time while maintaining energy efficiency. 

The proposed system is designed to work within the constraints of IoT networks while providing accurate 

and timely ECG analysis, making it ideal for real-time healthcare monitoring applications. 

4. CONCLUSION 

The integration of optimized machine learning algorithms for real-time ECG signal analysis in IoT 

networks offers a promising solution for continuous heart monitoring and early detection of cardiovascular 

conditions. By leveraging lightweight models such as SVMs and CNNs, the proposed system addresses the 

computational limitations of IoT devices while maintaining high accuracy in ECG classification. The use of 

edge computing further enhances the system’s scalability and efficiency, allowing the computational load to be 

distributed between IoT devices and edge servers. Additionally, data compression and feature extraction 

techniques reduce the size of data transmitted over IoT networks, minimizing latency and improving real-time 

performance. The proposed framework offers significant improvements in terms of accuracy, energy efficiency, 

and real-time responsiveness, making it a valuable tool for healthcare providers seeking to monitor patients 

remotely. Future research should focus on optimizing the system for larger datasets and exploring additional 
machine learning models for more complex ECG classifications.  
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