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Abstract---Congenital cardiac anomalies of fetus are often 

characterized by the unprecedented changes in the auditory 

properties of cardiac sounds occurs during the gestation period of 

pregnant women. These abnormalities are often seen in inconsistent 

patterns of heart sounds that are driven by asynchronous variations 

in heart rates of mother and fetus. This hostile situation becomes 
severe if it is untreated and might threaten to life risk in pregnant 

women. In this work, we proposed a novel and automated signal 

processing paradigm using Variational Mode Decomposition (VMD) to 

detect and extract the mother and fetus heart sounds from the raw 

PCG signals recorded from outer surface of the maternal abdomen. 

The proposed framework constitutes a couple of cascaded VMD 
blocks: The first VMD block alleviates the raspatory noises and other 

artifacts from the raw PCG signal; while the Next one, decomposes the 

mother and fetus heart sounds obtained from its preceding block. A 

publicly available Shiraz University Fetal Heart Sounds Database is 

used to test the efficacy of the proposed model. In addition, noisy PCG 
corpus characterized by the additive white gaussian noise is used to 

test the efficacy of the proposed network. Finally, the obtained results 

are found promising and outperforms the state of art techniques for 

both the raw PCG and noise corrupted raw PCG recordings. Since the 

proposed method is non-invasive type and uses simple electronic 

stethoscope to record the PCG signals, it doesn’t produce the 
electromagnetic radiation and any adverse health impairments. The 

detailed refinement of this technique can be used as computer 

assisted heart sound analysis tool for pregnant women in hospitals, 

clinics and health care centres. 
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Introduction  
 

The gestation is extremely important period for every pregnant woman, during 

which the maternal health and fetus growth is simultaneously to be taken care.  

Particularly, timely monitoring of the heart sounds, heart rate variability and 

cardiac functionality of mother and fetus is essential task during this period. 

Fetal heart rate (FHR) monitoring and assessment begins from 24th week of 
gestation and follows the regular check-up daily or once in week to track status of 

fetus health. The most common tool used for this task is Doppler 

Ultrasonographic Cardiotocography (CTG) [1]. Though the CTG is popular and 

effect non-invasive technique, it asserts certain adverse effects on fetus health 

due to high energy ultrasonic radiation emitted by CTG. In addition, CTG often 
fails to distinguish the maternal and fetal rhythms [2], [3]. Fetal 

phonocardiography (FPCG) is another alternative approach to record the 

persistent heart sounds from the maternal abdomen [4]. The maternal heart 

sounds predominantly consist of   4 components viz. S1, S2, S3, S4. These sounds 

are generated due to the vibrations caused by seamless blood flow between the 

various heart chambers thorough heart valves. However, these heart sounds are 
precisely heard by using a widely accepted equipment called stethoscope.  Though 

the stethoscope is reliable device for detecting cardiac sounds, it doesn’t impart 

the facility of visualizing the heart sounds and their latent components of various 

components of heart sounds. Hence, this hostile situation leads to 

implementation of electronic stethoscope, which helps to record and display the 
PCG waveforms along with the hearing facility [5].  On the other hand, the PCG 

signals captured from the maternal abdominal are fully corrupted by the noise, 

which makes the signals unreliable for health assessment of mother and fetus. 

Various noise sources that contaminate the maternal PCG includes fetal 

movement generated acoustic noise, noise generated due contraction and 

expansion of uterus muscles, maternal digestive tract vibrations, motion artifacts 
of mother, measurement errors caused due to movement of sensors, and 

Environmental noises [6-8].  

 

 
 

Fig 1. (a)  Raw PCG signal captured from mother’s abdomen using Littman 

electronic stethoscope.  (b) Frequency spectrum. Curtsey: 

https://physionet.org/content/sufhsdb/1.0.1/ 
 

(a) (b) 
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Fig 2. Power spectrum of the Raw PCG signal contaminated by noise, abdominal 

sound and respiratory sounds. Curtsey: 

https://physionet.org/content/sufhsdb/1.0.1/ 

 

Fig 1. Depicts the noisy PCG signal and it’s frequency spectrum, While Fig 2. 

depicts the power spectrum of the maternal abdomen fPCG recordings.  Fetal PCG 
amalgamated with these noises cannot accurately confer the latent details of the 

heart sound components of mother and fetus which turn makes the assessment 

of heart functionality is a tedious task. Therefore, there is need of robust and 

accurate signal processing techniques which can alleviate the noises, decomposes 

the various sound components, opt-out the artifacts, represent the spectral 

components and separate the maternal and fetal PCG waves and hence the 
resultant waveforms become the ease of further analysis and cardiac abnormality 

detection. The rest of the article is structured as follows: section II discussed the 

state of art and literature of fPCG extraction. Section III describes the 

mathematical background and methodology of the proposed frame work. Section 

IV illustrates the experimental setup; section V delineates about the results and 
discussion and section VI presents the concluding remarks of the present work.     

 

Related work 

 

In classical fetal phonocardiogram, numerus non-invasive methods are existing 

based on cardiac signals [9] such as the electrocardiogram (ECG) for recognizing 
electrical activity of the heart or the phonocardiogram (PCG) for mechanical 

vibrations of heart. The sensing elements are usually positioned on the outer 

surface of the mother womb and the captured signals are fed to subsequent 

signal processing units to perform various mathematical and numerical 

operations on the raw PCG. Conventionally ECG is used to estimate the heart 
rates by classical methods for infants or adults by detecting R peaks in ECG 

signals [10]. But ECG taken over abdomen, imparts very low power fetal signals 
compared to that of maternal recordings, which in turn makes the R peaks 

detection is a difficult task. More often, this difficulty can be overcome by the aid 

of independent component analysis applied on the source signal to separate it’s 

latent components [11]. However, this method requires bunch of sensors to be 
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positioned on the mother thorax and outer surface of the abdomen, and hence not 

suitable for a real time clinical setup and execution. Hence, it is advisable to 

captures the audio properties of the heart instead of its electric activity. The 

sound waveforms acquired from mother’s abdomen using electronic stethoscope 

yields the qualitative information of the heart functionality, However, these 
waveforms are often contaminated by noise and other innate signals. Hence, 

distinguished signal processing techniques have been adopted over the years to 

eliminate the noises and makes ease of processing [12] 

 

 Numerous signal processing techniques pertaining to fetal PCG analysis and 

decomposition are presented in literature However, the majority of conventional 
filtering-based methods are not effective due their inability in fine tuning of the 

filter parameters and linear characteristics of filter coefficients. The linear filters 

miserably fail to analyse the nonlinear of fetal phonocardiogram signals [13]. 

Further, Adaptive filtering technique based fPCG analysis is also presented in 

[14], though it performs bit better than static filters, they suffer from lack of 
robustness. On the other hand, various methods representing the frequency and 

power spectrums based on time-frequency resolution like short-time Fourier 

transform (STFT) [15], wavelets transform [16] are probed for fPCG analysis. 

However, they are also end up with the limitations of linearity and no proper 

thumb rule for kernel designs for blind source separation (BSS) [17]. The most 

familiar PCG-based techniques are presented in [18], [19]. However, these 
methods depend on the locations and time stamps the internal components of 

PCG signal and finds difficulty in tracing the envelops. The envelops and locations 

pertaining to S1 and S2 sounds are observed as most audible cardiac sounds and 

correspond to the closure of respectively the atrial-ventricular, and the aortic and 

pulmonary valves. Fig.1 displays the fetal PCG and corresponding envelops, 
locating and detecting S1 and S2 occurrences is a pathetic task in fetal PCG, 

particularly fPCG corpus is heavily contaminated by noises (such as gastric or 

liquid). Further, many other fPCG signal processing techniques are explored in 

literature to deal with noisy fPCG and components decomposition based on: least 

mean square (LMS) linear prediction [20], Wavelet Transform [21], adaptive 

Wiener filtering [22], spectral subtraction [23], conventional filtering [24], blind 
source separation [25] auto or cross correlation [26], Wigner Ville Distribution - 

WVD [27], Short Time Fourier Transform - STFT [28], Hilbert Transform [29]. In 

recent times, fPCG Processing Using Empirical Mode Decomposition (EMD) and 

Singular Value Decomposition (SVD) is proposed in [30]. Matching Pursuit (MP) 

method for fPCG in telemedicine system [31] Fractal Dimension (FD) analysis in 
association with Wavelet transform [32] is presented.  

 

In the light of the above investigation, it clearly understood that the existing 

methods fail in one way or the other to manifest the accuracy in fPCG extraction, 

identification of locations of heart sound components, noise alleviation and 

decomposing.   Hence, there is need of a novel technique to use as a reliable and 
sophisticated tool to full fill the requirement of fPCG analysis. Variational mode 

decomposition (VMD) [33, 34] is recently introduced signal processing technique 

for non-linear and non-stationary signal analysis. This technique is implemented 
based on LaGrange multiplication and Alternating Direction Method of Multipliers 

(ADMM). Section III briefly explains the underlying mathematical intuition and 

algorithms pertaining to VMD. 
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Methodology 

 

Variational Mode Decomposition 

 
Variational mode decomposition is a signal decomposition algorithm 

predominantly applies on the non-linear and non-stationary signals to decompose 

into group of individual narrowband sub components called Modes. The primary 

objective of the VMD algorithm is to decompose any non-linear and non-
stationary multi frequency toned signal f into a finite number of narrowband sub-

signals (modes), uk, each mode k is distributed around a centre frequency ωk, 

which is to be computed along with the decomposition. The resulting constrained 
variational problem is the following: 

 

where {uk}={u1,…,uK} and {ωk}={ω1,…,ωK} are shorthand notations for the set of all 

modes and their centre frequencies, respectively. Equally, Σ𝑘 = ∑  𝐾
𝑘=1 is understood 

as the summation over all modes. The individual narrow band sub signal 

components/modes can be derived as 

 
 
The centre frequencies ωk do not appear in the reconstruction fidelity term, but 

only in the bandwidth prior. The relevant problem thus reads:  
 

 
 

Hence VMD algorithm described in this section is directly applied to fatal PCG 

signal obtained from the mother’s abdomen to alleviate the various noise sources 

and separates the mother and fetus PCG waveforms from combined PCG. Section 

IV describes the data acquisition and experimental setup of the proposed 
framework. 

 

Experimental setup 

Data acquisition 

 

Data acquisition is one of the key steps of fPCG processing. In this work, we have 
used the fPCG corpus obtained from the two publicly available online sources viz. 

www.physionet.com and Shiraz University Fetal Heart Sounds Database. The 

Physionet database constitutes 26 PCG signals collected from maternal abdomen 

during the gestation week between 31 and 40. All the data is pertaining to healthy 

--------------------- (3) 

    ----------------------- (2) 

----------------------- (1) 
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women of different ages in between 25 to 35 years old. All the recordings were 

captured by an experienced cardiac specialist in a private clinical by the aid of a 

portable phonocardiograph device (Fetaphon Monitoring System by Pentavox). 
Each PCG wave lasts around 20 sec duration with the sampling rate of 44,100 

Hz. On the other hand, The Shiraz University Fetal Heart Sounds Database used 

in this work constitutes recordings obtained from 109 pregnant women carrying 
single and twin pregnancies. All the recordings are captured by the specialized 

doctors at Hafez Hospital of Shiraz University of Medical Sciences, Shiraz, 

Iran, form the lower abdomen of the pregnant women aged between 16 and 47 

years old with highly precise digital stethoscope. In total, 99 subjects are signal 

recorded, three subjects are recorded twice and seven are twin subjects, to result 
in 119 recordings. Each PCG wave form is elapsed for average duration is about 

90 seconds. The data was recorded with wide-band digital stethoscope at 44,100 

Hz sampling rate. Further, each PCG signal obtained from the database is sliced 

to the the duration of 5 sec. Eventually, all the sliced signals are inputted to the 

frame work shown in Fig 3. for further processing. 

 
Experimentation 

 

The flow diagram representing the fetal PCG extraction and denoising is depicted 

in Fig. 3.  

 

Decimation
Low pass 

filter
VMD 

algorithm
Mode 

Composer
VMD 

algorithm
Mode 

Composer

Maternal PCG

Fetal PCG

Raw PCG Captured from 
Maternal abdomen 

 
Fig. 3. Flow diagram representation of proposed framework for fetal PCG 

denoising and extraction 

 

The fPCG analysis depicted in Fig.3 undergoes the series of blocks, in which each 

and every block employs specific operation on the raw PCG signal and eventually 
delivers the fetal and maternal PCG waveforms as separate entities. The raw PCG 

signals recorded using electronic stethoscope from maternal abdomen possess the 

sampling frequency of 44,100 Hz.  Hence, at first, the raw PCG are fed to 

decimator, in which the PCG corpus is down sampled to 16 kHz. Next, the output 

of the decimator is fed to lowpass filter of 2 kHz corner frequency to remove the 

high frequency noise components associated with raw PCG. Next, the filtered 
output is fed to 1st VMD algorithm to decompose and produce low and high 

frequency sub signals. Next, the resultant sub signals are fed to mode composer, 

where the noise sources are removed and remaining modes are summed up to 

form a noise free fPCG signal. Next, the denoised fPCG signal is fed to 2nd VMD 
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algorithm and again decomposed into low and high frequency sub signals. Next, 

the decomposed sub signals are sent to mode selection and mode combining 

block. At last, mode composer block selects the appropriate modes and combine 

them to produce un overlapped maternal and fetal PCG signals. Therefore, the 
entire process ends up with the generation of pure PCG signals of fetus and 

mother. This way, the proposed framework denoises the raw fPCG and extracts 

the individual components of maternal and fetal PCG from the combined PCG 

corpus.  

 

Results and Discussion 
 

In this work, the fetal PCG denoising and extraction is performed using the 

cascaded structure of VMD algorithms shown in Fig 3. Two most reliable and 

publicly available fPCG databases viz. Shiraz University Fetal Heart Sounds 

Database and Physionet database are used to assess the performance of the 
proposed framework. Each PCG signal grabbed from the database is sliced to 5 

sec durations and fed to the proposed framework. Further, each signal undergoes 

the series of operations illustrated in Fig 3. The 1st VMD Algorithm decomposes 

the filtered PCG signal into group of modes as shown in Fig 4. while Fig 5. 

illustrates the frequency spectrum of each individual mode generated from the 1st 

VMD algorithm. From Fig 5. it is clearly observed that modes numbered from 1 to 
6 constitutes high frequency noise components, while modes numbered from 7 to 

9 constitutes the maternal and fetal heart. sounds. From the figure it is further 

observed that modes 1 to 6 lie above the 500 Hz, and modes 7,8,9 lie below the 

500 Hz. Since 500 Hz is the demarcation frequency line in between the  

 

Fig 4. fPCG signal and it’s decomposed modes using 1st VMD algorithm 
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Fig 5. Frequency spectrum of each individual mode generated by 1st VMD 

algorithm 

 

 
 
Fig 6. (a) Denoised PCG signal obtained by combining mode 6 mode 7 and mode 

8. (b) frequency spectrum of denoised PCG 

 

 

 
 

 

(a) (b) 
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noise and original heart sounds, mode 7, mode 8 and mode 9 are selected and 

combined to produce the denoised fPCG. Fig 6 depicts the denoised fPCG and it’s 

frequency spectrum obtained from mode combining block. and Fig 7 depicts the 

decomposed modes and Fig 8. Depicts the frequency spectrum of each individual 
modes obtained from 2nd VMD algorithm. 

 

 
Fig 7. The decomposed sub signals (modes) of 2st VMD algorithm applied against 

the denoised PCG 

 

 
Fig 8. Frequency spectrum of each sub signal (mode) generated 2st VMD algorithm 
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From Fig.7 and Fig.8 it is clearly observed that mode 1 and 2 are high frequency 

sub signals and they are not relevant to useful heart sounds. Rest all the modes 

numbered from 3 to 8 overlaid in high frequency to low frequency order as shown 

in Fig. 8. From this figure it is clearly observed that mode 3, and mode 4 and 

mode 5 can be combined to form fetal PCG waves, while mode 6, mode 7 and 
mode 8 are combined to form maternal PCG waveforms. Eventually, Fig 9 

represents the maternal PCG and fetal PCG produced as the end results of the 

proposed framework. The respective frequency spectrums of maternal and fetal 

PCGs are also shown in Fig. 9. The demarcation frequency line labelled with 250 

Hz clearly distinguishes the maternal PCG and fetal PCG. Hence, the proposed 

framework efficiently decomposes and denoises the raw PCG signal and separates 
the maternal and fetal PCG components with promising accuracy.  

 

 
          (a)                                                                                    (b) 

 
(c) 

Fig 9. (a) Maternal PCG extracted by combining mode 3, mode4 and mode 5. (b)  

fetal PCG   signals extracted by combining mode 6, mode 7 and mode 8. (c) 

Frequency spectrum of maternal and fetal PCG signals 

 

Conclusion 

 
Based on the analysis and discussion made in the preceding sections, the present 

study imparts the following concluding remarks: The denoising and separation of 

maternal and fetal PCG signals are accomplished using Variational mode 

decomposition algorithm. The efficacy of the framework is tested by applying two 

highly popular and publicly available fPCG databases obtained from online 
sources. Further, the entire fPCG processing was accomplished in two phases. In 

the first Phase, denoising mechanism is implemented using 1st stage of VMD 

algorithms; In the second Phase, the maternal and fetal PCG components are 
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separated and displayed using 2nd VMD algorithm. This study proved that, fPCG 

extraction using VMD is reliable and yields commendable accuracy and hence it 

is asserted as a suitable technique for efficient fPCG extraction and analysis. With 

the detailed refinement, the present framework can aid the medical experts, 
doctors and clinicians to observe the characteristics of fetal PCG waveform, 

assess the mother and fetus heath status, diagnose the cardiac abnormalities and 

monitor the heart functionality. 

 

References 

 
1. E. Vollenhoven and J. Chin, "Phonocardiography: past present and 

future", Acta Cardiol., vol. 48, no. 4, pp. 337-344, Feb. 1993. 

2. V. Equy, S. Buisson, M. Heinen, J.-P. Schaal, P. Hoffmann and F. Sergent, 

"Confusion between maternal and fetal heart rate during the second stage of 
labour", Br J Midwifery, vol. 20, no. 11, pp. 794-798, 2012. 

3. K. Bhogal and J. Reinhard, "Maternal and fetal heart rate confusion during 
labour", Br J Midwifery, vol. 18, no. 7, pp. 424-428, 2010. 

4. Moghavvemi, M., Tan, B. H., and Tan, S. Y., “A non-invasive pc-based 

measurement of fetal phonocardio-graphy,” Sensors and Actuators A: 

Physical, 107 (1), 96 –103 (2003). 

5. Robert A Malkin, “Technologies for clinically relevant physiological 

measurements in developing countries, Physiological Measurement, vol. 28, 
pp.8, 2007. 

6. M. Ruffo, M. Cesarelli, M. Romano, P. Bifulco and A. Fratini, "An algorithm 
for FHR estimation from foetal phonocardiographic signals", Biomedical 
Signal Processing and Control, vol. 5, pp. 131-141, 2010. 

7. F. Kovacs, M. Torok and I. Hambermajer, "A rule-based phonocardiographic 
method for long-term fetal heart rate monitoring", Biomedical Engineering 
IEEE Transaction on, vol. 47, no. 1, pp. 124-130, 2000. 

8. A. K. Mittra, A. S. Anupam Shukla and A. S. Zadgaonkar, "System simulation 

and comparative analysis of fetal heart sound denoising techniques for 
advanced phonocardiography", International Journal of Biomedical 
Engineering and Technology (IJBET), vol. 1, no. 1, 2007. 

9. P. C. Adithya, R. Sankar, W. A. Moreno and S. Hart, "Trends in fetal 

monitoring through phonocardiography: Challenges and future 
directions", Biomed Sig. Proc. Control, vol. 33, pp. 289-305, 2017. 

10. J. Pan and W. J. Tompkins, "A real-time qrs detection algorithm", IEEE Trans 
Biomed Eng, vol. 32, no. 3, pp. 230-236, 1985. 

11. L. De Lathauwer, B. De Moor and J. Vandewalle, "Fetal electrocardiogram 
extraction by blind source subspace separation", IEEE Trans Biomed Eng, vol. 

47, no. 5, pp. 567-572, 2000. 

12. Morris Dressler, Samuel N. Moskowitz, Fetal electrocardiography and 

stethography: A combined study, American Journal of Obstetrics and 
Gynecology, Volume 41, Issue 5, 1941. 

13. H. E. Bassil and J. H. Dripps, "Real time processing and analysis of fetal 
phonocardiographic signals", Physiol Meas, vol. 10, no. 4B, pp. 67, 1989. 

 

14. R. A. Pretlow and J. W. Stoughton, "Signal processing methodologies for an 
acoustic fetal heart rate monitor", M.S. thesis, 1991. 



         6578 

15. A. Mittra and N. Choudhari, "Time-frequency analysis of foetal heart sound 
signal for the prediction of prenatal anomalies", J Med Eng Technol, vol. 33, 

no. 4, pp. 296-302, 2009. 

16. S. R. Messer, J. Agzarian and D. Abbott, "Optimal wavelet denoising for 
phonocardiograms", Microelectronics J, vol. 32, no. 12, pp. 931-941, 2001. 

17. A. Jimenez-Gonzalez and C. James, "Blind source separation to extract foetal 
heart sounds from noisy abdominal phonograms: A single channel 
method", IET MEDSIP. 

18. M. Ruffo, M. Cesarelli, M. Romano, P. Bifulco and A. Fratini, "An algorithm 
for fhr estimation from foetal phonocardiographic signals", Biomed Signal 
Process Control, vol. 5, no. 2, pp. 131-141, 2010. 

19. F. Kovcs, C. Horvth, dm T. Balogh and G. Hossz, "Fetal 
phonocardiographypast and future possibilities", Comput Methods Programs 
Biomed, vol. 104, no. 1, pp. 19-25, 2011. 

20. P. Várady, L. Wildt, Z. Benyó and A. Hein, "An advanced method in fetal 
phonocardiography", Comput. Methods Programs Biomed., vol. 71, no. 3, pp. 

283-296, 2003. 

21. W. N. M. Soysa, R. I. Godaliyadda, J. V. Wijayakulasooriya, M. P. B. 

Ekanayake and I. C. Kandauda, "An eigenfilter based approach for extraction 

of fetal heart signals under noisy conditions using adaptive 
filters", Proceedings of International Conference on Computational Intelligence 
Modelling and Simulation, pp. 254-259, 2012. 

22. W. N. M. Soysa, R. I. Godaliyadda, J. V. Wijayakulasooriya, M. P. B. 

Ekanayake and I. C. Kandauda, "An eigenfilter based approach for extraction 

of fetal heart signals under noisy conditions using adaptive 
filters", Proceedings of International Conference on Computational Intelligence 

Modelling and Simulation, pp. 254-259, 2012. 

23. J. C. J. Chen, K. P. K. Phua, Y. S. Y. Song and L. S. L. Shue, "A portable 
phonocardiographic fetal heart rate monitor", 2006 IEEE Int. Symp. Circuits 
Syst., pp. 2141-2144, 2006. 

24. H. E. Bassil and J. H. Dripps, "Real time processing and analysis of fetal 
phonocardiographic signals", Clin Phys Physiol Meas, vol. 10, no. Suppl B, 

pp. 67-74, 1989. 

25. W. N. M. Soysa, R. I. Godaliyadda, J. V. Wijayakulasooriya, M. P. B. 
Ekanayake and I. C. Kandauda, "Extraction and analysis of fetal heart 
signals with abnormalities an Eigen-analysis based approach", 2013 IEEE 8th 
International Conference on Industrial and Information Systems ICIIS 2013 - 
Conference Proceedings, pp. 294-299, 2013. 

26. M. Ruffo, M. Cesarelli, M. Romano, P. Bifulco and A. Fratini, "An algorithm 
for FHR estimation from foetal phonocardiographic signals", Biomed. Signal 
Process. Control, vol. 5, no. 2, pp. 131-141, 2010. 

27. Á. T. Balogh and F. Kovács, "Application of phonocardiography on preterm 
infants with patent ductus arteriosus", Biomed. Signal Process. Control, vol. 6, 

no. 4, pp. 337-345, 2011. 

28. A. K. Mittra and N. K. Choudhari, "Time-frequency analysis of foetal heart 
sound signal for the prediction of prenatal anomalies", J. Med. Eng. Technol., 

vol. 33, no. 4, pp. 296-302, 2009. 

29. A. Jimenez-Gonzalez and C. J. James, "De-noising the abdominal phonogram 
for foetal heart rate extraction: Blind source separation versus empirical 



 

 

6579 

filtering", Proceedings of the Annual International Conference of the IEEE 
Engineering in Medicine and Biology Society EMBS, pp. 1358-1361, 2013. 

30. A. D. Warbhe, R. V. Dharaskar and B. Kalambhe, "A Single Channel 
Phonocardiograph Processing Using EMD, SVD, and EFICA," 2010 3rd 
International Conference on Emerging Trends in Engineering and Technology, 

2010, pp. 578-581. 
31. C. Horvath, B. Uveges, F. Kovacs and G. Hosszu, "Application of the Matching 

Pursuit Method in a Fetal Phonocardiographic Telemedicine System," 2007 
29th Annual International Conference of the IEEE Engineering in Medicine and 
Biology Society, 2007. 

32. E. Koutsiana, L. J. Hadjileontiadis, I. Chouvarda and A. H. Khandoker, 

"Detecting fetal heart sounds by means of Fractal Dimension analysis in the 
Wavelet domain," 2017 39th Annual International Conference of the IEEE 

Engineering in Medicine and Biology Society (EMBC), 2017, pp. 2201-2204 

33. K. Dragomiretskiy and D. Zosso, "Variational Mode Decomposition," in IEEE 
Transactions on Signal Processing, vol. 62, no. 3, pp. 531-544, Feb.1, 2014, 

doi: 10.1109/TSP.2013.2288675. 

34. M. Mishra, S. Pratiher, S. Banerjee and A. Mukherjee, "Grading heart sounds 

through variational mode decomposition and higher order spectral features," 

2018 IEEE International Instrumentation and Measurement Technology 
Conference (I2MTC), 2018, pp. 1-5, doi: 10.1109/I2MTC.2018.8409620. 

35. Sameni, R., & Samieinasab, M. (2021). Shiraz University Fetal Heart Sounds 

Database (version 1.0.1). PhysioNet. https://doi.org/10.13026/42eg-8e59.  

https://doi.org/10.13026/42eg-8e59

