
Copyrights @Kalahari Journals Vol. 7 (Special Issue, Jan.-Mar. 2022) 

International Journal of Mechanical Engineering 

960 

ISSN: 0974-5823   Vol. 7 (Special Issue, Jan.-Mar. 2022) 

International Journal of Mechanical Engineering 

Comparative Analysis of R-peak detection 

performance using Novel Wavelet Denoising 

(WD) with Empirical Mode Decomposition 

(EMD) Method 
K.B.Irfan1    Ms.R.Nithya2* 

1Research Scholar, Department of Electronics and Communication Engineering, Saveetha School of 

Engineering, Saveetha Institute of Medical and Technical Sciences, Saveetha University, Chennai, Tamilnadu, 

India, PIN: 602105 

2Project Guide, Corresponding Author, Department of Electronics and Communication Engineering, Saveetha 

School of Engineering, Saveetha Institute of Medical and Technical Sciences, Saveetha University, Chennai, 

Tamilnadu, India, PIN: 602105 

*Corresponding Author: Mrs.R.Nithya,  

 

ABSTRACT 

Aim: R-peak recognition is vital in electrocardiogram (ECG) signal investigation. This examination proposed 

a comparative analysis of R-peak identification execution in ECG signal denoising using Novel Wavelet 

Denoising (WD) with Empirical Mode Decomposition (EMD). Materials and Methods: The performance 

analysis of the proposed R-peak detection method was tested on the MIT-BIH database. Comparative analysis 

of R-peak detection is performed by Empirical Mode Decomposition (EMD) where number of samples 

(N=10) and Novel Wavelet Denoising (WD) Classifier where number of samples (N=10) techniques with pre-

test power of 80 %. Results: The accuracy rate of Empirical Mode Decomposition (EMD) is 98.15% whereas 

results of Novel Wavelet Denoising (WD) accuracy rate is 97.11%. The Predictivity rate is 98.72% for 

Empirical Mode Decomposition (EMD) whereas the results of Novel Wavelet Denoising (WD) Predictivity 

rate are 96.20%. The Sensitivity rate is 98.62% for Empirical Mode Decomposition (EMD) whereas results of 

Novel Wavelet Denoising (WD) Sensitivity is 94.05%. There is a significant difference in Accuracy rate 

(P=0.051). The results obtained were considered to be error-free since it was having the significance value p < 

0.05 in SPSS Statistical analysis. Conclusion: Empirical Mode Decomposition (EMD) Classifier performs 

significantly better in finding the accuracy, predictivity and sensitivity for R-peak detection systems when 

compared to Novel Wavelet Denoising (WD) Classifier.  

Keywords: ECG, Empirical Mode Decomposition (EMD), R-Peak Detection, Novel Wavelet Denoising 

(WD), Signal Denoising. 

 

INTRODUCTION 

Heart disease is one of the main diseases that threaten human health. The electrocardiogram (ECG) signal is 

one of the most important and well-known biological markers used to diagnose human health. The removal of 

the ECG signal feature is an adherence point for analysis and diagnosis. Accuracy of R-peak detection 

determines the diagnosis and treatment of the sufferer (Sadaphule, Mule, and Rajankar 2012). The detection 

of QRS complexity is one of the most important components of ECG signal analysis (Saritha, Sukanya, and 

Narasimha Murthy 2008). The detection of QRS, especially the detection of R peak in the heart signal, is 

easier than other parts of the ECG signal due to its structure and high altitude (Sasikala and Wahidabanu 

2010; Nagendra, Mukherjee, and Kumar 2011).  
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Recently a lot of research has been done on R-peak detection performance in ECG signal denoising using 

Empirical Mode Decomposition (EMD) method. IEEE Xplore published 65 research papers, and Google 

Scholar found 53 articles. The Pan and Tompkins strategies (PT) (Pan and Tompkins 1985) seem, by all 

accounts, to be the most well-known benchmark given that they join a few essential procedures including low-

pass separating, high-pass shifting, subsidiary shifting, figuring out, and windowing for the recognition of the 

R peaks. Shannon energy with the Hilbert change strategy (SEHT) (Manikandan and Soman 2012) gives great 

precision for identifying R-peak. Nonetheless, the Hilbert change in SEHT requires huge memory and 

handling time, making it unsatisfactory for continuous application. Zhu and Dong (Zhu and Dong 2013) 

fostered a R peak discovery technique called PSEE by utilizing just the SEE. The creators utilized a 

sufficiency limit that influences the presentation of the calculation for legitimate pinnacle identification. In 

(Pang and Igasaki 2018), authors applied improvement techniques from PC designs for information decrease, 

in light of the perception that the ECG is basically a graphical portrayal of heart electrical action. A four phase 

R peak location technique which executes nonlinear change and a discovering procedure is introduced in 

(Kathirvel et al. 2011). In (Chanwimalueang, von Rosenberg, and Mandic 2015), the closeness between a 

format QRS example and potential QRSs is misused using a coordination with channel, while the Hilbert 

change is utilized for the R peak confinement.Previously our team has a rich experience in working on various 

research projects across multiple disciplines(Ezhilarasan et al. 2021; Balachandar et al. 2020; Muthukrishnan 

et al. 2020; Kavarthapu and Gurumoorthy 2021; Sarode et al. 2021; Hannah R et al. 2021; Sekar, 

Nallaswamy, and Lakshmanan 2020; Appavu et al. 2021; Menon et al. 2020; Gopalakrishnan et al. 2020; 

Arun Prakash et al. 2020) 

 

The existing technique for R-peak identification in ECG signals is used as Wavelet Denoising method. The 

main problem of the existing method is that ECG frequency spectra are quite overlapping with that of the 

noise spectra, especially because of the presence of QRS perplexing as a high frequency part in ECG. The aim 

of the research work is to propose a robust technique for the discovery of ECG trademark wave limits utilizing 

Empirical Mode Decomposition (EMD) in comparison with Novel Wavelet Denoising (WD).  

 

MATERIALS AND METHODS 

This work was carried out in the Digital Image Processing Laboratory, Department of Electronics and 

Communication Engineering, Saveetha School of Engineering, SIMATS, Tamil Nadu, and India. The MIT-

BIH data set (Moody and Mark 2001) contains 50 ECG records; each record contains 25 min and was 

inspected at 360 Hz. There are two leads in each record and the main lead was utilized in the trial. Areas of R-

peaks have been explained by at least two cardiologists freely for all records. Sample size was calculated by 

using previous study results. The output is obtained by using MATLAB programming Language. A sample 

dataset of both proposed and existing methods are exported to Microsoft Excel document for verification 

using statistical analysis software (SPSS IBM tool) as an input. To train these datasets, required a monitor 

with resolution of 1024×768 pixels (CPU 7th gen, i5, 4 8GB RAM, 500 GB HDD), and Matlab software with 

required library functions and tool functions. The calculation is performed utilizing G-power 0.8 with alpha 

and beta qualities 0.05, 0.2 with a confidence interval at 96%. 

Sample Preparation Group 1 Empirical Mode decomposition is a new method of processing signals used for 

the indirect, non-stationary time series decay. It is different from Fourier Transform (FT) or Wavelet 

Transform (WT) because the basic functions are available directly to the signal under test. In the analysis of a 

priori base such as FT or WT, the harmonics are certainly similar to the primary function in one form or 

another. IMFs must have two basic characteristics (1) they have the same value of extrema and zero-crossing 

or are very different each and (2) they are equal in terms of the definition of zero area. Empirical Mode 

Decomposition (EMD) is a signal examination strategy which consists of breaking down non-stationary 

signals into little or limited numbers of segments which are named as natural mode functions (IMF) 

(Mabrouki, Khaddoumi, and Sayadi 2014). There are two conditions for example fulfilled by IMFs.  

1. The quantity of zero intersections and number of outrageous should contrast by one.  

2. Anytime, the mean worth of the envelope by the neighborhood maxima and the envelope characterized by 

the nearby minima is zero. IMFs utilize moving cycle which is described as-:  
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a. The limit of sign  should be distinguished and maxima and minima of the sign is removed 

appropriately.  

b. The calculation of the upper (emaximum) and the lower envelopes (eminimum) for the maxima and minima 

introduction is done through cubic spline lines.  

c. Processing the normal of upper and lower envelopes is shown in Equation (1)  

 

d. The distinction determined is given by Equation (2) 

 

e. By rehashing stages a-d until the subsequent sign meets the two measures of a IMFs another  b1 (t) is taken 

by the Equation (3) 

 

Sample Preparation Group 2 Novel Wavelet Denoising (WD) is a signal analysis tool that can simulate 

spectral and temporal information simultaneously from heavy signals, including an ECG. It defeats some of 

Fourier's widely used modification modes, which contain only spectral data globally, and has the ability to 

hide features created within the signal. Wavelet analysis has been applied to natural data including 

electroencephalogram, electromyogram, acoustic signals, and ECG. (Sahambi, Tandon, and Bhatt 1997; Li, 

Zheng, and Tai 1995). A complete analysis of the signal requires the removal of both the frequency and the 

temporary location of the signal components. As a result of the infinite scope of Fourier integration, the 

analysis is intermediate. This provides a complex space, even stationary signals. 

 

Statistical Analysis 

For statistical implementation, the software tool used here is IBM SPSS V26.0 (Pallant 2020). The 

independent variable in this analysis is the frequency of the particles in the algorithms, and the dependent 

variables are the accuracy, sensitivity, and specificity. The analysis was done with the sample data using an 

independent sample test. 

 

RESULTS 

Figure 1 shows R-peak detection performance in ECG signal denoising using Novel Wavelet Denoising (WD) 

filter with Empirical Mode Decomposition (EMD). For comparing the performance of the Wavelet Denoising 

(WD) Classifier in which the Empirical Mode Decomposition (EMD) shows higher values in all aspects of 

parameters. 

Figure 2 shows the Accuracy Rate of Empirical Mode Decomposition (EMD) and Wavelet Denoising (WD) 

Classifier. Empirical Mode Decomposition (EMD) has higher values in terms of accuracy rate compared with 

Wavelet Denoising (WD). Variable results with an accuracy rate of 98.15% for Empirical Mode 

Decomposition (EMD) whereas results of Wavelet Denoising (WD) accuracy rate are 97.11%. 

Figure 3 shows the Predictivity of Empirical Mode Decomposition (EMD) and Wavelet Denoising (WD) 

Classifier. It represents the Empirical Mode Decomposition (EMD) having higher values in terms of 

Predictivity comparison with Wavelet Denoising (WD). Variable results with a Predictivity rate of 98.72% for 

Empirical Mode Decomposition (EMD) whereas results of Wavelet Denoising (WD) Predictivity rate are 

96.20%. 

Figure 4 shows the Sensitivity of Empirical Mode Decomposition (EMD) and Wavelet Denoising (WD) 

Classifier. It represents the Empirical Mode Decomposition (EMD) having lower values in terms of 

Sensitivity comparison with Wavelet Denoising (WD). Variable results with a Sensitivity rate of 98.62% for 

Empirical Mode Decomposition (EMD) whereas results of Wavelet Denoising (WD) Sensitivity rate are 

94.05%. 

Table 1 portrays the Evaluation Metrics such as Accuracy Rate, Predictivity and Sensitivity of Empirical 
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Mode Decomposition (EMD) and novel Wavelet Denoising (WD) Classifier in which the Empirical Mode 

Decomposition (EMD) shows higher values in all aspects of parameters. 

Table 2 shows the statistical calculation such as mean, standard deviation and standard error mean for 

Empirical Mode Decomposition (EMD) and Wavelet Denoising (WD). Accuracy rate parameter used in the t-

test. The mean accuracy rate of Empirical Mode Decomposition (EMD) is 98.15% and Wavelet Denoising 

(WD) is 97.11%. The Standard Deviation of Empirical Mode Decomposition (EMD) is 0.87762 and Wavelet 

Denoising (WD) is 1.7823. The Standard Error mean of Empirical Mode Decomposition (EMD) is 0.32140 

and Wavelet Denoising (WD) is 0.6432. 

Table 3 displays the statistical calculations for independent samples tested between Empirical Mode 

Decomposition (EMD) and Wavelet Denoising (WD). The significance for accuracy rate is 0.051. 

Independent samples T-test is applied for comparison of Empirical Mode Decomposition (EMD) and Wavelet 

Denoising (WD) with the confidence interval as 95% and level of significance as 0.69595. This independent 

sample test consists of significance as 0.001, significance (2-tailed), mean difference, standard error 

difference, and lower and upper interval difference. 

 

DISCUSSION 

Empirical Mode Decomposition (EMD) Classifier performs significantly better in finding the accuracy (98.15 

%) and Predictivity (98.72 %) for R-peak detection systems when compared to the Novel Wavelet Denoising 

Classifier with accuracy (97.11 %) and Predictivity (96.20 %). The results obtained having the significance 

value p < 0.05 in SPSS Statistical analysis.  

In the past research, the most important Empirical Mode Decomposition (EMD) and wavelet Denoising Filter 

classifiers are used for predicting the analysis of R-peak detection systems, where it is considered to specify 

the measurement specification (Blanco-Velasco, Weng, and Barner 2008). The proposed model exhibits 

Empirical Mode Decomposition (EMD) and wavelet denoising in which the Empirical Mode Decomposition 

(EMD) classifier has the highest values. The calculation is tried with beats of various cardiovascular 

conditions as a heart issue brings about an adjustment of thump morphology. Typical cardiovascular 

musicality, Myocardial Infarction (MI), Bundle Branch Block (BBB), Hypertrophy, Dysrhythmia beats are 

taken from PTB data set and Premature Ventricular Contraction (PVC) and some BBB information are taken 

from MIT-BIH data set. The accuracy rate of Empirical Mode Decomposition (EMD) is 98.94 % compared 

with wavelet denoising, which has an accuracy rate of 97.21 % (Hadj Slimane and Naït-Ali 2010) The 

structure of the modified information box takes into account the intermediate, minor and major attributes, 

interquartile access and malfunction (focus beyond the upper and lower extremities). The accuracy rate of 

Empirical Mode Decomposition (EMD) is 95.94 % compared with wavelet denoising, which has an accuracy 

rate of 92.21 % (Zhang et al. 2007). The Predictivity value for Empirical Mode Decomposition (EMD) is 

98.93 % compared with the Denoising filter that has 97.20 %. The technique is tried with ECGs of various 

cardiological conditions with a decent identification affectability and particularity as displayed in the 

outcomes. The Sensitivity percentage for Empirical Mode Decomposition (EMD) is 98.33 % compared with a 

denoising filter that has 97.05 % (Slimane and Naït-Ali 2010). There are no opposite findings related to this 

research. 

The limitation of this study is to predict the correct IMF level of noise reduction. Since each IMF is a filter-

like output, it makes sense to expect a predictable IMF level of ECG noise reduction. The future work is to 

develop a system which can accurately detect the IMF level for noise reduction. 

 

CONCLUSION 

Two different methods for R-peak detection were evaluated using Performance parameters and it is found that 

the Empirical Mode Decomposition (EMD) classifier has the Accuracy rate of 98.15%  which is higher 

compared with Wavelet Denoising (WD) method that has an accuracy rate of 97.11% and is significantly 

better in analysis of R-peak detection system. 

 

 

https://paperpile.com/c/WotF5N/5hc9Q
https://paperpile.com/c/WotF5N/kGEiM
https://paperpile.com/c/WotF5N/K6qc3
https://paperpile.com/c/WotF5N/1YTs


Copyrights @Kalahari Journals Vol. 7 (Special Issue, Jan.-Mar. 2022) 

International Journal of Mechanical Engineering 

964 

DECLARATION 

 

Conflicts of Interest 

 

No conflict of interest in this manuscript 

 

Author Contributions 

 

Author KBI was involved in data collection, data analysis & manuscript writing. Author RN was involved in 

conceptualization, data validation, and critical review of manuscripts. 

Acknowledgement 

 

The authors would like to express their gratitude towards Saveetha School of Engineering, Saveetha Institute 

of Medical and Technical Sciences (Formerly known as Saveetha University) for successfully carrying out 

this work. 

Funding: We thank the following organizations for providing financial support that enabled us to complete 

the study. 

1. Chipontime Technologies Pvt. Ltd. Bangalore. 

2. Saveetha University 

3. Saveetha Institute of Medical and Technical Sciences 

4. Saveetha School of Engineering 

 

 

REFERENCES 

1. Appavu, Prabhu, Venkata Ramanan M, Jayaprabakar Jayaraman, and Harish Venu. 2021. “NOx 

Emission Reduction Techniques in Biodiesel-Fuelled CI Engine: A Review.” Australian Journal of 

Mechanical Engineering 19 (2): 210–20. 

2. Arun Prakash, V. R., J. Francis Xavier, G. Ramesh, T. Maridurai, K. Siva Kumar, and R. Blessing 

Sam Raj. 2020. “Mechanical, Thermal and Fatigue Behaviour of Surface-Treated Novel Caryota 

Urens Fibre–reinforced Epoxy Composite.” Biomass Conversion and Biorefinery, August. 

https://doi.org/10.1007/s13399-020-00938-0. 

3. Balachandar, Ramalingam, Logalakshmanan Baskaran, Ananthanarayanan Yuvaraj, Ramasundaram 

Thangaraj, Ramasamy Subbaiya, Balasubramani Ravindran, Soon Woong Chang, and Natchimuthu 

Karmegam. 2020. “Enriched Pressmud Vermicompost Production with Green Manure Plants Using 

Eudrilus Eugeniae.” Bioresource Technology 299 (March): 122578. 

4. Blanco-Velasco, Manuel, Binwei Weng, and Kenneth E. Barner. 2008. “ECG Signal Denoising and 

Baseline Wander Correction Based on the Empirical Mode Decomposition.” Computers in Biology 

and Medicine 38 (1): 1–13. 

5. Chanwimalueang, Theerasak, Wilhelm von Rosenberg, and Danilo P. Mandic. 2015. “Enabling R-

Peak Detection in Wearable ECG: Combining Matched Filtering and Hilbert Transform.” In 2015 

IEEE International Conference on Digital Signal Processing (DSP), 134–38. 

6. Ezhilarasan, Devaraj, Thangavelu Lakshmi, Manoharan Subha, Veeraiyan Deepak Nallasamy, and 

Subramanian Raghunandhakumar. 2021. “The Ambiguous Role of Sirtuins in Head and Neck 

Squamous Cell Carcinoma.” Oral Diseases, February. https://doi.org/10.1111/odi.13798. 

http://paperpile.com/b/WotF5N/iaFAq
http://paperpile.com/b/WotF5N/iaFAq
http://paperpile.com/b/WotF5N/iaFAq
http://paperpile.com/b/WotF5N/iaFAq
http://paperpile.com/b/WotF5N/iaFAq
http://paperpile.com/b/WotF5N/UTkvO
http://paperpile.com/b/WotF5N/UTkvO
http://paperpile.com/b/WotF5N/UTkvO
http://paperpile.com/b/WotF5N/UTkvO
http://paperpile.com/b/WotF5N/UTkvO
http://paperpile.com/b/WotF5N/UTkvO
http://dx.doi.org/10.1007/s13399-020-00938-0
http://dx.doi.org/10.1007/s13399-020-00938-0
http://paperpile.com/b/WotF5N/ioYYD
http://paperpile.com/b/WotF5N/ioYYD
http://paperpile.com/b/WotF5N/ioYYD
http://paperpile.com/b/WotF5N/ioYYD
http://paperpile.com/b/WotF5N/ioYYD
http://paperpile.com/b/WotF5N/ioYYD
http://paperpile.com/b/WotF5N/5hc9Q
http://paperpile.com/b/WotF5N/5hc9Q
http://paperpile.com/b/WotF5N/5hc9Q
http://paperpile.com/b/WotF5N/5hc9Q
http://paperpile.com/b/WotF5N/5hc9Q
http://paperpile.com/b/WotF5N/k2K8V
http://paperpile.com/b/WotF5N/k2K8V
http://paperpile.com/b/WotF5N/k2K8V
http://paperpile.com/b/WotF5N/k2K8V
http://paperpile.com/b/WotF5N/k2K8V
http://paperpile.com/b/WotF5N/0MJ1m
http://paperpile.com/b/WotF5N/0MJ1m
http://paperpile.com/b/WotF5N/0MJ1m
http://paperpile.com/b/WotF5N/0MJ1m
http://paperpile.com/b/WotF5N/0MJ1m
http://paperpile.com/b/WotF5N/0MJ1m
http://paperpile.com/b/WotF5N/0MJ1m


Copyrights @Kalahari Journals Vol. 7 (Special Issue, Jan.-Mar. 2022) 

International Journal of Mechanical Engineering 

965 

7. Gopalakrishnan, R., V. M. Sounthararajan, A. Mohan, and M. Tholkapiyan. 2020. “The Strength and 

Durability of Fly Ash and Quarry Dust Light Weight Foam Concrete.” Materials Today: Proceedings 

22 (January): 1117–24. 

8. Hadj Slimane, Zine-Eddine, and Amine Naït-Ali. 2010. “QRS Complex Detection Using Empirical 

Mode Decomposition.” Digital Signal Processing 20 (4): 1221–28. 

9. Hannah R, Pratibha Ramani, WM Tilakaratne, Gheena Sukumaran, Abilasha Ramasubramanian, and 

Reshma Poothakulath Krishnan. 2021. “Author Response for ‘Critical Appraisal of Different 

Triggering Pathways for the Pathobiology of Pemphigus vulgaris—A Review.’” Wiley. 

https://doi.org/10.1111/odi.13937/v2/response1. 

10. Kathirvel, P., M. Sabarimalai Manikandan, S. R. M. Prasanna, and K. P. Soman. 2011. “An Efficient 

R-Peak Detection Based on New Nonlinear Transformation and First-Order Gaussian Differentiator.” 

Cardiovascular Engineering and Technology. https://doi.org/10.1007/s13239-011-0065-3. 

11. Kavarthapu, Avinash, and Kaarthikeyan Gurumoorthy. 2021. “Linking Chronic Periodontitis and Oral 

Cancer: A Review.” Oral Oncology, June, 105375. 

12. Li, C., C. Zheng, and C. Tai. 1995. “Detection of ECG Characteristic Points Using Wavelet 

Transforms.” IEEE Transactions on Bio-Medical Engineering 42 (1): 21–28. 

13. Mabrouki, Rebeh, Balkine Khaddoumi, and Mounir Sayadi. 2014. “R Peak Detection in 

Electrocardiogram Signal Based on a Combination between Empirical Mode Decomposition and 

Hilbert Transform.” In 2014 1st International Conference on Advanced Technologies for Signal and 

Image Processing (ATSIP), 183–87. 

14. Manikandan, M. Sabarimalai, and K. P. Soman. 2012. “A Novel Method for Detecting R-Peaks in 

Electrocardiogram (ECG) Signal.” Biomedical Signal Processing and Control 7 (2): 118–28. 

15. Menon, Soumya, Happy Agarwal, S. Rajeshkumar, P. Jacquline Rosy, and Venkat Kumar 

Shanmugam. 2020. “Investigating the Antimicrobial Activities of the Biosynthesized Selenium 

Nanoparticles and Its Statistical Analysis.” BioNanoScience 10 (1): 122–35. 

16. Moody, G. B., and R. G. Mark. 2001. “The Impact of the MIT-BIH Arrhythmia Database.” IEEE 

Engineering in Medicine and Biology Magazine: The Quarterly Magazine of the Engineering in 

Medicine & Biology Society 20 (3): 45–50. 

17. Muthukrishnan, Sivaprakash, Haribabu Krishnaswamy, Sathish Thanikodi, Dinesh Sundaresan, and 

Vijayan Venkatraman. 2020. “Support Vector Machine for Modelling and Simulation of Heat 

Exchangers.” Thermal Science 24 (1 Part B): 499–503. 

18. Nagendra, H., S. Mukherjee, and Vinod Kumar. 2011. “Application of Wavelet Techniques in ECG 

Signal Processing: An Overview.” International Journal of Engineering Science and Technology 

(IJEST) 3 (10): 7432–43. 

19. Pallant, Julie. 2020. “Getting to Know IBM SPSS Statistics.” SPSS Survival Manual. 

https://doi.org/10.4324/9781003117452-4. 

20. Pang, David, and Tomohiko Igasaki. 2018. “A Combined Syntactical and Statistical Approach for R 

Peak Detection in Real-Time Long-Term Heart Rate Variability Analysis.” Algorithms 11 (6): 83. 

21. Pan, J., and W. J. Tompkins. 1985. “A Real-Time QRS Detection Algorithm.” IEEE Transactions on 

Bio-Medical Engineering 32 (3): 230–36. 

22. Sadaphule, M. M., S. B. Mule, and S. O. Rajankar. 2012. “ECG Analysis Using Wavelet Transform 

and Neural Network.” International Journal of Engineering Inventions 1 (12): 1–7. 

23. Sahambi, J. S., S. N. Tandon, and R. K. Bhatt. 1997. “Using Wavelet Transforms for ECG 

Characterization. An on-Line Digital Signal Processing System.” IEEE Engineering in Medicine and 

Biology Magazine: The Quarterly Magazine of the Engineering in Medicine & Biology Society 16 (1): 

77–83. 

24. Saritha, C., V. Sukanya, and Y. Narasimha Murthy. 2008. “ECG Signal Analysis Using Wavelet 

Transforms.” 2008. http://bjp-bg.com/papers/bjp2008_1_68-77.pdf. 

http://paperpile.com/b/WotF5N/B3vox
http://paperpile.com/b/WotF5N/B3vox
http://paperpile.com/b/WotF5N/B3vox
http://paperpile.com/b/WotF5N/B3vox
http://paperpile.com/b/WotF5N/B3vox
http://paperpile.com/b/WotF5N/kGEiM
http://paperpile.com/b/WotF5N/kGEiM
http://paperpile.com/b/WotF5N/kGEiM
http://paperpile.com/b/WotF5N/kGEiM
http://paperpile.com/b/WotF5N/eTwhe
http://paperpile.com/b/WotF5N/eTwhe
http://paperpile.com/b/WotF5N/eTwhe
http://paperpile.com/b/WotF5N/eTwhe
http://dx.doi.org/10.1111/odi.13937/v2/response1
http://dx.doi.org/10.1111/odi.13937/v2/response1
http://paperpile.com/b/WotF5N/pDYPf
http://paperpile.com/b/WotF5N/pDYPf
http://paperpile.com/b/WotF5N/pDYPf
http://paperpile.com/b/WotF5N/pDYPf
http://dx.doi.org/10.1007/s13239-011-0065-3
http://dx.doi.org/10.1007/s13239-011-0065-3
http://paperpile.com/b/WotF5N/N4gHP
http://paperpile.com/b/WotF5N/N4gHP
http://paperpile.com/b/WotF5N/N4gHP
http://paperpile.com/b/WotF5N/N4gHP
http://paperpile.com/b/WotF5N/aC6vT
http://paperpile.com/b/WotF5N/aC6vT
http://paperpile.com/b/WotF5N/aC6vT
http://paperpile.com/b/WotF5N/aC6vT
http://paperpile.com/b/WotF5N/KfzVQ
http://paperpile.com/b/WotF5N/KfzVQ
http://paperpile.com/b/WotF5N/KfzVQ
http://paperpile.com/b/WotF5N/KfzVQ
http://paperpile.com/b/WotF5N/KfzVQ
http://paperpile.com/b/WotF5N/KfzVQ
http://paperpile.com/b/WotF5N/Z0SkP
http://paperpile.com/b/WotF5N/Z0SkP
http://paperpile.com/b/WotF5N/Z0SkP
http://paperpile.com/b/WotF5N/Z0SkP
http://paperpile.com/b/WotF5N/cG8C4
http://paperpile.com/b/WotF5N/cG8C4
http://paperpile.com/b/WotF5N/cG8C4
http://paperpile.com/b/WotF5N/cG8C4
http://paperpile.com/b/WotF5N/cG8C4
http://paperpile.com/b/WotF5N/sTTBg
http://paperpile.com/b/WotF5N/sTTBg
http://paperpile.com/b/WotF5N/sTTBg
http://paperpile.com/b/WotF5N/sTTBg
http://paperpile.com/b/WotF5N/sTTBg
http://paperpile.com/b/WotF5N/aE1PY
http://paperpile.com/b/WotF5N/aE1PY
http://paperpile.com/b/WotF5N/aE1PY
http://paperpile.com/b/WotF5N/aE1PY
http://paperpile.com/b/WotF5N/aE1PY
http://paperpile.com/b/WotF5N/K18EJ
http://paperpile.com/b/WotF5N/K18EJ
http://paperpile.com/b/WotF5N/K18EJ
http://paperpile.com/b/WotF5N/K18EJ
http://paperpile.com/b/WotF5N/K18EJ
http://paperpile.com/b/WotF5N/lX8c
http://paperpile.com/b/WotF5N/lX8c
http://paperpile.com/b/WotF5N/lX8c
http://paperpile.com/b/WotF5N/lX8c
http://dx.doi.org/10.4324/9781003117452-4
http://dx.doi.org/10.4324/9781003117452-4
http://paperpile.com/b/WotF5N/2DwIQ
http://paperpile.com/b/WotF5N/2DwIQ
http://paperpile.com/b/WotF5N/2DwIQ
http://paperpile.com/b/WotF5N/2DwIQ
http://paperpile.com/b/WotF5N/XSBfb
http://paperpile.com/b/WotF5N/XSBfb
http://paperpile.com/b/WotF5N/XSBfb
http://paperpile.com/b/WotF5N/XSBfb
http://paperpile.com/b/WotF5N/EzVOS
http://paperpile.com/b/WotF5N/EzVOS
http://paperpile.com/b/WotF5N/EzVOS
http://paperpile.com/b/WotF5N/EzVOS
http://paperpile.com/b/WotF5N/a62Eb
http://paperpile.com/b/WotF5N/a62Eb
http://paperpile.com/b/WotF5N/a62Eb
http://paperpile.com/b/WotF5N/a62Eb
http://paperpile.com/b/WotF5N/a62Eb
http://paperpile.com/b/WotF5N/a62Eb
http://paperpile.com/b/WotF5N/FMl9K
http://paperpile.com/b/WotF5N/FMl9K
http://bjp-bg.com/papers/bjp2008_1_68-77.pdf
http://bjp-bg.com/papers/bjp2008_1_68-77.pdf


Copyrights @Kalahari Journals Vol. 7 (Special Issue, Jan.-Mar. 2022) 

International Journal of Mechanical Engineering 

966 

25. Sarode, Sachin C., Shailesh Gondivkar, Gargi S. Sarode, Amol Gadbail, and Monal Yuwanati. 2021. 

“Hybrid Oral Potentially Malignant Disorder: A Neglected Fact in Oral Submucous Fibrosis.” Oral 

Oncology, June, 105390. 

26. Sasikala, P., and R. Wahidabanu. 2010. “Robust R Peak and Qrs Detection in Electrocardiogram 

Using Wavelet Transform.” Journal of Advanced Computer Science and …. 

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.676.2629&rep=rep1&type=pdf#page=52. 

27. Sekar, Durairaj, Deepak Nallaswamy, and Ganesh Lakshmanan. 2020. “Decoding the Functional Role 

of Long Noncoding RNAs (lncRNAs) in Hypertension Progression.” Hypertension Research: Official 

Journal of the Japanese Society of Hypertension. 

28. Slimane, Zine-Eddine Hadj, and Amine Naït-Ali. 2010. “QRS Complex Detection Using Empirical 

Mode Decomposition.” Digital Signal Processing. https://doi.org/10.1016/j.dsp.2009.10.017. 

29. Zhang, Yufeng, Yali Gao, Le Wang, Jianhua Chen, and Xinling Shi. 2007. “The Removal of Wall 

Components in Doppler Ultrasound Signals by Using the Empirical Mode Decomposition 

Algorithm.” IEEE Transactions on Bio-Medical Engineering 54 (9): 1631–42. 

30. Zhu, Honghai, and Jun Dong. 2013. “An R-Peak Detection Method Based on Peaks of Shannon 

Energy Envelope.” Biomedical Signal Processing and Control 8 (5): 466–74. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://paperpile.com/b/WotF5N/5eQQ9
http://paperpile.com/b/WotF5N/5eQQ9
http://paperpile.com/b/WotF5N/5eQQ9
http://paperpile.com/b/WotF5N/5eQQ9
http://paperpile.com/b/WotF5N/5eQQ9
http://paperpile.com/b/WotF5N/vKfGa
http://paperpile.com/b/WotF5N/vKfGa
http://paperpile.com/b/WotF5N/vKfGa
http://paperpile.com/b/WotF5N/vKfGa
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.676.2629&rep=rep1&type=pdf#page=52
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.676.2629&rep=rep1&type=pdf#page=52
http://paperpile.com/b/WotF5N/zHZjS
http://paperpile.com/b/WotF5N/zHZjS
http://paperpile.com/b/WotF5N/zHZjS
http://paperpile.com/b/WotF5N/zHZjS
http://paperpile.com/b/WotF5N/zHZjS
http://paperpile.com/b/WotF5N/1YTs
http://paperpile.com/b/WotF5N/1YTs
http://paperpile.com/b/WotF5N/1YTs
http://paperpile.com/b/WotF5N/1YTs
http://dx.doi.org/10.1016/j.dsp.2009.10.017
http://dx.doi.org/10.1016/j.dsp.2009.10.017
http://paperpile.com/b/WotF5N/K6qc3
http://paperpile.com/b/WotF5N/K6qc3
http://paperpile.com/b/WotF5N/K6qc3
http://paperpile.com/b/WotF5N/K6qc3
http://paperpile.com/b/WotF5N/K6qc3
http://paperpile.com/b/WotF5N/efqHY
http://paperpile.com/b/WotF5N/efqHY
http://paperpile.com/b/WotF5N/efqHY
http://paperpile.com/b/WotF5N/efqHY


Copyrights @Kalahari Journals Vol. 7 (Special Issue, Jan.-Mar. 2022) 

International Journal of Mechanical Engineering 

967 

TABLES AND FIGURES 

 Table 1. Evaluation Metrics (Accuracy Rate, Predictivity, and Sensitivity) of Wavelet Denoising (WD) and 

Empirical Mode Decomposition (EMD) 

GROUP STATISTICS 

METHOD ACCURACY PREDICTIVITY SENSITIVITY 

Wavelet Denoising (WD) 97.11% 96.20% 94.05% 

Empirical Mode Decomposition (EMD) 98.15% 98.72% 98.62% 

 

Table 2. The statistical calculation such as mean, standard deviation and standard error mean for Empirical 

Mode Decomposition (EMD) and Wavelet Denoising (WD). Accuracy rate parameter used in the t-test. The 

mean accuracy rate of Empirical Mode Decomposition (EMD) is 98.15% and Wavelet Denoising (WD) is 

97.11%. The Standard Deviation of Empirical Mode Decomposition (EMD) is 0.87762 and Wavelet 

Denoising (WD) is 1.7823. The Standard Error mean of Empirical Mode Decomposition (EMD) is 0.32140 

and Wavelet Denoising (WD) is 0.6432. 

Group N Mean Standard 

Deviation 

Standard Error 

Mean 

 

Accuracy 

Rate 

Wavelet Denoising (WD) 10 97.11 1.7823 0.6432 

Empirical Mode 

Decomposition (EMD) 
10 99.94 0.87762 0.32140 
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Table 3. The statistical calculations for independent samples test between Empirical Mode Decomposition 

(EMD) and Wavelet Denoising (WD). The significance of accuracy rate is 0.051. Independent samples T-test 

is applied for comparison of Empirical Mode Decomposition (EMD) and Wavelet Denoising (WD) with the 

confidence interval as 95% and level of significance as 0.69595. This independent sample test consists of 

significance as 0.001, significance (2-tailed), mean difference, standard error difference, and lower and upper 

interval difference. 

 

Group 

 

Levene's 

Test for 

Equality of 

Variances 

 

t-test for Equality of Means 

 

 

F Sig. t df Sig. 

(2-

tailed

) 

Mean 

Difference 

Std. Error 

Difference 

95% 

Confidence 

Interval 

(Lower) 

95% 

Confidence 

Interval 

(Upper) 

 

 

Accura

cy 

Rate 

Equal 

varianc

es 

assume

d 

6.4

35 
0.051 16.234 18 .001 11.786 0.87651 11.23451 13.1234 

Equal 

varianc

es not 

assume

d 

  9.123 12.261 .001 11.786 0.87651 10.45321 13.1234 
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Fig. 1. R-peak detection performance in ECG signal denoising using Wavelet Denoising (WD) filter with 

Empirical Mode Decomposition (EMD). 
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Fig. 2. Group Statistics (Accuracy Rate %) of different Empirical Mode Decomposition (EMD) and Wavelet 

Denoising (WD) Classifiers.X-Axis: EMD vs Novel Wavelet Denoising. Y-Axis: Accuracy Rate, Deviation is 

1SD. The Empirical Mode Decomposition (EMD) is higher in terms of accuracy parameter when compared 

withWavelet Denoising (WD). Variable results with its accuracy rate of 98.15% for Empirical Mode 

Decomposition (EMD) whereas results of Wavelet Denoising (WD) accuracy rate of 97.11%. 

 

 

Fig. 3. Group Statistics (Predictivity) of different Empirical Mode Decomposition (EMD) and Wavelet 

Denoising (WD) Classifiers.X-Axis: EMD vs Novel Wavelet Denoising. Y-Axis: Predictivity, Deviation is 

1SD. The Empirical Mode Decomposition (EMD) is higher in terms of Predictivity parameter when 

compared with Wavelet Denoising (WD). Variable results with a Predictivity rate of 98.72% for Empirical 

Mode Decomposition (EMD) whereas results of Wavelet Denoising (WD) Predictivity rate are 96.20%. 
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Fig. 4. Group Statistics (Sensitivity) of different Empirical Mode Decomposition (EMD) and Wavelet 

Denoising (WD) Classifiers.X-Axis: EMD vs Novel Wavelet Denoising. Y-Axis: Sensitivity, Deviation is 

1SD. The Empirical Mode Decomposition (EMD) is higher in terms of Sensitivity parameter when 

compared with Wavelet Denoising (WD). Variable results with a Sensitivity rate of 98.62% for Empirical 

Mode Decomposition (EMD) whereas results of Wavelet Denoising (WD) Sensitivity rate are 94.05%. 

 


