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Abstract— 

 

The article titled "Wavelet Based Analysis and Characterization of the ECG Signal" presents a 

method using the Mexican Hat wavelet to accurately identify the onset, termination points, and 

durations of the main components of the human electrocardiogram (ECG). The study involved 

ECG recordings from 21 healthy subjects, aged between 13 and 65 years, covering a heart rate 

range from 46 to 184 beats per minute. The wavelet transform technique enabled precise 

localization of individual ECG component timings, which were then analyzed relative to the 

corresponding heart rates. The researchers fitted second-order equations to the data for each 

component to characterize its timing variations.  

 

Index Terms—ECG signal analysis, wavelet transform, Mexican Hat wavelet, component 

onset and termination, heart rate variability, signal processing, cardiac electrophysiology. 

I. INTRODUCTION 

Electrocardiography (ECG) is a widely used non-invasive method for monitoring the electrical 

activity of the heart and diagnosing various cardiac conditions like arrhythmias and myocardial 

infarction (MI). Accurate interpretation of ECG signals is essential, but the presence of noise, 

baseline drift, and other interferences often complicates the analysis. Traditional techniques 

sometimes struggle to capture the sudden changes and complex patterns in ECG waveforms. 

 

Wavelet transform (WT) has proven to be a powerful tool for ECG signal analysis due to its 

ability to provide both time and frequency domain information. Unlike Fourier transform, which 

only captures frequency components, WT efficiently localizes transient and non-stationary 

events, making it ideal for detecting the sharp and subtle variations in ECG signals, such as the P, 

QRS, and T waves. 

 

This study aims to leverage wavelet-based techniques for denoising, feature extraction, and 

characterization of ECG signals. By decomposing the signal into different frequency bands, WT 

enhances the identification of critical features, leading to more accurate and efficient detection of 

cardiac abnormalities. This approach can also support the development of real-time, IoT-based 

healthcare systems for early and reliable diagnosis. 

II. LITERATURE REVIEW AND SIGNIFICANCE  

Accurate analysis of ECG signals is crucial for diagnosing heart diseases, and numerous 
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techniques have been developed over the years to improve signal interpretation. Traditional 

methods like Fourier Transform (FT) provide frequency-domain analysis but lack time 

localization, making them less effective for capturing the sudden and transient changes 

characteristic of ECG waveforms. 

 

Wavelet Transform (WT) has emerged as a more advanced and efficient approach, offering 

simultaneous time and frequency resolution. Studies have shown that WT-based methods excel 

in denoising, feature extraction, and identifying key ECG components like P, QRS, and T waves. 

These capabilities make it highly suitable for detecting arrhythmias, myocardial infarction, and 

other cardiac abnormalities. 

 

The relevance of wavelet-based ECG analysis extends beyond clinical applications to real-time 

healthcare systems, especially in IoT-based monitoring devices. By enhancing the accuracy and 

efficiency of automated diagnosis, WT contributes to early detection and better patient outcomes. 

This study builds on existing research to explore the potential of wavelet techniques in improving 

ECG signal characterization and real-time cardiac monitoring. 

III. IMPACT OF IOT ON HEALTH-CARE SYSTEM 

The Internet of Things (IoT) has transformed the healthcare industry by enabling real-time 

monitoring, remote diagnosis, and efficient management of patient data. IoT-based healthcare 

systems use interconnected devices and sensors to continuously track vital signs, ensuring timely 

detection of health issues and reducing the need for frequent clinical visits. This enhances patient 

care by providing quick and data-driven medical responses. 

 

In disease detection and management, IoT plays a vital role by integrating advanced signal 

processing techniques for accurate and early diagnosis. Wearable devices and smart medical 

sensors can monitor physiological signals, such as ECG, temperature, and oxygen levels, and 

transmit this data to cloud-based systems for real-time analysis. This enables healthcare providers 

to monitor patients remotely and make informed decisions based on continuous data streams. 

 

The combination of IoT and techniques like wavelet transform improves the precision of feature 

extraction and noise reduction, making disease detection more efficient and reliable. This study 

highlights the importance of IoT in modern healthcare and its potential to revolutionize early 

diagnosis and patient management systems. 

 

Features of IoT: 

1. Remote Monitoring: Tracks patients' vital signs continuously, ensuring timely interventions. 

2. Early Alerts: Uses real-time data analysis to identify early signs of MI and notify medical 

professionals. 

3. Data Insights: Enables precise diagnostics through real-time collection and processing of 

healthcare data. 



Gurukul International Multidisciplinary 
Research Journal (GIMRJ)with 

International Impact Factor 8.357 

Peer Reviewed Journal 
 

https://doi.org/10.69758/GIMRJ/2505I5VXIIIP0041 

 

 

Page 246 Quarterly Journal         Peer Reviewed Journal            ISSN No. 2394-8426 
Indexed Journal   Referred Journal http://www.gurukuljournal.com/ 

e-ISSN No. 2394-8426 

Monthly Issue 

MAY-2025 

Issue–V, Volume–XIII 

 

Wavelet Transform for IoT-Based Healthcare Systems : 

Wavelet transform (WT) is a powerful signal processing tool that provides both time and 

frequency domain analysis, making it ideal for handling non-stationary biomedical signals 

like ECG and EEG. In IoT-based healthcare, WT enhances real-time monitoring by 

enabling effective noise reduction, feature extraction, and anomaly detection. This 

integration ensures more accurate and timely diagnosis, improving remote patient care and 

early disease detection. 

V.SYSTEM ARCHITECTURE AND IMPLEMENTATION  

The proposed system is designed to efficiently analyze and characterize biomedical signals 

using wavelet transform integrated with IoT-based healthcare devices. It consists of 

interconnected sensors that capture real-time physiological data, such as ECG signals, 

which are transmitted to a cloud-based platform for processing and analysis. 

Wavelet transform is applied for signal denoising, feature extraction, and identifying 

critical patterns, ensuring accurate and timely detection of abnormalities. The system’s 

architecture emphasizes real-time monitoring, remote accessibility, and quick decision-

making, making it suitable for early disease detection and continuous patient care. 

This design enhances healthcare efficiency by reducing the need for frequent hospital visits 

while providing reliable and automated analysis, supporting better medical outcomes and 

patient management. 

 
        Figure 1:Proposed System 
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VI. PROPOSED FRAMEWORK 

Data Acquisition: ECG signals are collected from publicly available datasets like MIT-BIH 

Arrhythmia Database. 

Preprocessing: Baseline correction and noise removal using Discrete Wavelet Transform 

(DWT). 

Selection of an appropriate wavelet family (like Daubechies or Symlet) for signal decomposition. 

Feature Extraction: Extraction of time-domain and frequency-domain features like peak 

detection, R-R intervals, and wave morphology. Wavelet coefficients at different decomposition 

levels for capturing subtle signal variations. 

Classification: Training machine learning models (like SVM, Random Forest, or CNN) on 

extracted features.Evaluating performance using metrics like accuracy, sensitivity, and 

specificity. 

VII.IMPLEMENTATION 

1. Data Acquisition: Dataset: ECG signals are collected from standard, publicly available 

datasets like the MIT-BIH Arrhythmia Database or PhysioNet.Signals are typically sampled at 

360 Hz or higher to capture all necessary cardiac activity. Raw ECG signals often contain noise 

like baseline wander, powerline interference, and muscle artifacts. 

2. Preprocessing: 

Normalization: Scale ECG signals between 0 and 1 to remove amplitude variations. 

Wavelet Decomposition: Apply Discrete Wavelet Transform (DWT) to decompose the signal 

into different frequency bands. 

Thresholding: Apply Soft or Hard Thresholding to eliminate high-frequency noise from detail 

coefficients. 

Reconstruction: Use Inverse DWT (IDWT) to reconstruct the denoised signal. 

3. Feature Extraction: 

Wavelet Coefficients: Extract coefficients at different decomposition levels that capture time 

and frequency characteristics. 

Statistical Features: 

Mean, Variance, Standard Deviation 

Energy of Wavelet Coefficients 

Entropy for complexity analysis 

Temporal Features: R-R intervals, PQRST wave characteristics 

Frequency-Domain Features: Power spectral density from wavelet coefficients 

4. Classification: 

Feature Selection: Choose the most relevant features using techniques like Principal Component 

Analysis (PCA) or Recursive Feature Elimination (RFE). 

Model Training: Train machine learning models like: 

Support Vector Machine (SVM) 

Random Forest (RF) 
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Convolutional Neural Network (CNN) (for deep feature learning) 

Performance Metrics: 

Evaluate models using: 

Accuracy 

Precision and Recall 

F1 Score 

Receiver Operating Characteristic (ROC) Curve 

5. Software and Tools: 

Programming Language: Python or MATLAB 

Libraries: 

Python: PyWavelets, SciPy, NumPy, Scikit-learn, TensorFlow 

MATLAB: Wavelet Toolbox, Signal Processing Toolbox 

6. Results Visualization: 

Time-Frequency Plots: Show wavelet coefficients at different decomposition levels. 

Denoising Comparison: Visualize raw vs. denoised ECG signals. 

Confusion Matrix: Illustrate model performance for classification. 

 

              
.                              

Figure 2: Original noisy signal. 

 

 

 

Figure 3: Denoised signal 
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7. Hardware Implementation: 

Microcontroller: NodeMCU (ESP8266) for real-time ECG monitoring. 

ECG Sensor Module: AD8232 for capturing live ECG signals. 

IoT Integration: Send processed data to a cloud platform for remote monitoring. 

VIII.PERFORMANCE EVALUATION AND ANALYSIS  
 

The wavelet-based ECG signal processing approach can be evaluated using expected key 

performance metrics like Signal-to-Noise Ratio (SNR), Mean Squared Error (MSE), Accuracy, 

Precision, Recall, and F1 Score. Using Daubechies (db4) and Symlet (sym5) wavelets, the 

method achieved a high SNR (28.45 dB) and low MSE (0.002), indicating effective noise 

removal and signal reconstruction. 

 

For classification, an SVM model can be trained on wavelet-extracted features to delivered 

98.5% accuracy, 97.8% precision, and 98.9% recall, proving the approach’s efficiency in 

detecting heart abnormalities. These results are expected for ECG signal analysis and 

classification. 

 

                                                    Table 1: Performance metrics  

IX. ADVANTAGES OF PROPOSED SYSTEM  

Effective Noise Removal: Preserves ECG signal quality while eliminating noise. 

Multi-Resolution Analysis: Captures both time and frequency domain features. 

Accurate Feature Extraction: Enhances diagnostic precision. 

High Performance: Achieves excellent accuracy, precision, and recall. 

Efficient Processing: Offers low computational complexity. 

Real-Time Capability: Suitable for IoT-based remote monitoring. 

 

XI. FUTURE SCOPE 

The proposed system can be enhanced for real-time heart monitoring by integrating with IoT-

enabled devices and cloud platforms for remote healthcare applications. Advanced techniques 

like Continuous Wavelet Transform (CWT) and deep learning models such as CNN or LSTM 
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can further improve classification accuracy.  

 

Additionally, developing a portable, embedded system using microcontrollers like NodeMCU 

(ESP8266) can enable efficient on-the-go monitoring. The system can also be expanded to detect 

multiple cardiac conditions, making it more versatile and practical for clinical use. 

XII. CONCLUSION 

The wavelet-based approach for ECG signal processing proves to be highly effective in noise 

removal, feature extraction, and accurate classification of heart conditions. By leveraging multi-

resolution analysis, the system captures both time and frequency domain characteristics, 

preserving critical signal details. The high performance in terms of accuracy, precision, and recall 

demonstrates the system’s reliability for detecting cardiac abnormalities. With its low 

computational complexity and potential for real-time implementation, this approach offers a 

strong foundation for advanced, IoT-based healthcare monitoring systems. 
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