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ABSTRACT

In this paper, the electrocardiogram (ECG) sigsalulnerable to noise and artifacts, it is essemtianoise
removing using neural network, the noise in ordesupport First 3600 of noisy heart signals aréectdd from MIT-BIH
data base. In this paper the use of moving meditm & artificial neural network. The availableltér for power line

interference need a reference channel or regarigheaency is fixed 50/60Hz.

In this literature of the last twenty five yearvaeal solution of noise removal on electrocardiog&CG) signal
can be found. The spectrum of the ECG signal isaet¢d from the two databases arrhythmia and saeptdgular.
Baseline wander is removal using the moving meéiter. The results shows that the intelligent fisial neural network
system successfully denoised ECG signal. This studinly focuses on cutoff frequency calculating thesrformance
MSE.

KEYWORDS: Finite Impulse Response (FIR), Low—Pass Filterjfisial Neural Network, Cutoff Frequency, Average
Median Filter

INTRODUCTION

The Dutch physician willem Einthoven is marked i#03 the beginning of a new era in medical diagoosti
techniques for Establishment of the clinical elecardiograph (ECG). Include the entry of electrsnit the health care.

The ECG is a tool that records and measure thérielcactivity of the heart in exquisite detail I8].

The function of the pumping blood of heart perfortihgough the circulatory system. The result of naedtal
events within the heart is generation of a cersaiquence of electrical event. The ECG signal wawefmnsists of the P

wave, QRS wave and T wave, as sketched in figure 1.

The baseline voltage of the ECG signal is knowthassoelectric line and its measure portion ofttaeing and
following the P wave and preceeding the next T waVe electrical activity of the heart is generaled by monitoring

electrodes placed on the skin surface.

The electrical signal is (normally 0.0001 to 0.0@®).These signal are within the frequency ran@®s@o 100 Hz.
Although there are many new methods for noise redhe intelligent methods commonly applied induaktificial
neural network (ANN), support moving median filtd&tote that the totals include two types of non-bdat these few

records in which they occur.

The total ECG interval of each record is 30 mind &557 seconds. Heart rates are given in beatsparte
measured over three R-R intervals [4], shown imrfgl. The next designated cut-off frequency dguaknt of FIR

window function for reduction of baseline drifttine ECG signals [2].
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Figure 1: ECG Signal Wave Form

Nowadays ECG signal noise removal has been disgussenany research works [6-11-12], independent
component Analysis is used for analysis to remooisenfrom ECG recordings and reconstructed ECGasigrere
compared with original signal and effectively refigared noise reduction filter by neural networldagenetic algorithm.
Neural network based control module effectivelyesemoving median filter .Sara Moein [1] et al. Deed and applied a
FIR filter to the ECG signal containing power lineise. Complete design is performed with FDA toottie MATLAB
[9]. The FIR Kaiser Window filter designed is hagifow pass due to which increase in the computaticomplexity
observed. Previous studies have showed that thelneetwork based method present effective appesbdr denoising
ECG signal. There are also some algorithms for mpwnedian filter of the ANN itself. There is insefént research in
the area of automated calculation of cut-off frauties. This paper presents application of ANN tenidy the cut-off

frequency for removal of the high frequency nois&CG signal using a FIR filter [2].
METHODOLOGY

In this paper the electrocardiogram (ECG) signaiusceptible to noise and artifact and it is essletd noise
removing using neural network ,the noise to suppodt 3600 of noisy heart signal are collectedrfid| T-BIH data base.
The use of moving median filter & artificial neuradtwork for power line interference need a refeeechannel or regard
as shows figure 2 & 3. In this literature of thetl20 five years several solutions of noise removaklectrocardiogram
(ECG) signal can be found. The spectrum of the E€ighal is extracted from the two classes: arrhyshrand
supraventricular. all 3600 signal must be transtmirto frequency domain using Fast Fourier Transfiern) [8,13,17].
Figure 2 & figure 3.Baseline wander is removal gdiime average median filter figure 4. A Finite InfgauResponse (FIR)
filter is capable to remove the noise. A moving raadilter smoothes data by replacing each datatpeith the median of
the neighboring data point defined with in the spEime moving median filter takes a subset of thugiats figure 5; this

process of low passes filtering with the resporigaesmoothing given by the difference equatidn [7
Yo(i)=2/2N + 1) (Y(1 +N) +....... Y(@i—-N)) (1)

Where Ys (i) is the smoothed value for the its gadint, N is the number of neighboring data poimteither side

of Ys (i), and 2N+1 is the span [7], The result®wtthat the intelligent artificial neural networkstem successfully
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denoised ECG signal. In this section FIR Equiripfileer windowing FIR filters with Kaiser window.Teh basic
specifications for design of filter are:

» Passband frequency and Stopband frequency is GO itr.

»  Sampling frequency 360Hz(MIT/BIT data base sample860 Hz)

The other guidelines are pass-band ripple andlsamgl ripple. In the design of FIR equiripple degigiss-band
ripple is one db,stop-band ripple is 80 db andntirimumm order of the filter. And widow length if Kaiser window is

451 which is selected according to filter order .450
h(i)=sin[2n(i-p) f, T ] — sin[2t(i — p)f] (2)
Where h(i) is given by the equation(2) and h(miien by equation(3).
H(p)=2[f foT @)
Note that T is the sampling period and is giverefyation (4)
T =1/ 4)

The FIR magnitude plot show that with increasirtefithe sharper the transition band of the filters besides
differing linear phase shifts.It is also noted thdth increasing filter order the pass-band ripgdéereases and attenuation

at the cut-off frequency increases has been showabie 1.
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Figure 2: Original Arrhythmia ECG Signal and Frequency Spectrum. of ECG Signal
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Figure 3: Base Line Arrhythmia ECG Signals and Fregiency Spectrum of Base Line ECG Signal
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Figure 4: ECG Signal Denoising with Kaiser Window ad Moving Median Filter
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Figure 5: Resulting Baseline Wanders of ECG Signand Conventional Drift Attenuation

Table 1: (Calculating Cut-Off Frequency for Different ECG Signal)

S. Signal Mean Star]dqrd Variance o
No. FFT Deviation FFT G
1 | Arrhythmia 0.137 7.3278 53.6964 0.80
2 | Arrhythmia 0.03 9.8800 97.6153 0.33
3 | Arrhythmia 0.010 22.4077 502.1050 0.50
4 | Arrhythmia 0.0075 9.0126 81.226% 0.80
5 | Arrhythmia 0.10 15.375 236.30 0.60
6 | Superventricula 0.65 6.5571 43.2313 0433
7 | Superventricula 0.08 6.6686 44,4696 033
8 | Superventricula 0.12 6.0257 36.3094 0|22
9 | Superventricula 0.07 7.1342 50.8971L 0|60
10 | Superventricular 0.058% 6.6206 43.8329 0.60

MSE PERFORMANCE

The mean square error (MSE) measured for varyimgbeus of hidden nodes and number of training epaods
cutoff frequency figure (6) shows.[14,15] the affe€ variable training cycle on MSE is closed toxts shows that the

better performance on table 2.
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Figure 6: Output and Target and Training Cycle of MSE

Table 2: (Best Validation MIT-BH Signal with MLP)

S. No. Signal Type | Best Validation
1 Arrhythmia 0.010006
2 Arrhythmia 0.17217
3 Arrhythmia 0.1426
4 Arrhythmia 0.078638
5 Arrhythmia 0.027446
6 Superventricula 0.62989
7 Superventricula 0.094491
8 Superventricula 0.77888
9 Superventricula 0.028922

10 Superventriculafr 5.0009

CONCLUSIONS

In this paper noise reduced from Déf@rECG data signal using FIR digital filter andcaéate cut off frequency

for various 222txt signal and compare these cutith the help of Artificial Neural Network. Afteraining with Neural

Network results shows that best validation for gitimia signal is more than other signal and shdwsperformance more

than 90%.which is 0.010006.(arrhythmia signal No&bplying recurrent and unsupervised ANN can imgrahe
presented method.

REFERENCES
1. Sara Moein “Intelligent ECG signal noise removahgsPSONN” cyberjaya,malaysia.(0975-8887) 2012.
2. Sara Moein “FIR Cutoff Frequency Calculating for &CSignal Noise Removing Using Artificial Neural
Network” Verlag Berlin Heidelberg,pp.124-131( 2010)
3. Mohandas Choudhary “ECG SIGNAL PROCESSING WITH FIRGITAL FILTER BY WINDOW
TECHNIQUES” Volume 2, Issue 8 (August 2012).
4. http://www.physionet.org/cgi-bin/atm/ATMMIT-BIH Arrhythmia Database”.6y




Intelligent ECG Signal Noise Removal with Moving Melian Filter Using Neural Network 83

10.

11.

12.

13.

14.

15.

16.

17.

Mahesh Chavan, R.A. Agrawal,M.D. Uplane,“FIR Equie digital filter for reduction of power line itference
in the ECG Signal”,ISPRA 2008.

Yong Lian and Poh Choo Ho, “ECG Noise Reductiomgsnultiplier free FIR digital filter”, IEEE 2004.

Ying-Wen Bai, “The Combination of Kaiser Window abving Average for the Low-Pass Filtering of the
Remote ECG Signal”, IEEE 2004.

Ferdjallah M,Barr RE., “Frequency domain digitdtefiing techniques for the removal of power lingseowith

application to the electrocardiogram”, comput Bianfies.1990.
MATLAB 09.

Lin H., Wensheng H., Xiaolin Z., chenglin P.,Recibigm of ECG patterns using artificial neural netkoSixth
IEEE Intl Conf Intell,Sys Design and Appl(ISDA’'0fipan, 2006; pp.477-481.

Van alste JA, Schilder TS, “Removal of baseline de&xnand power-line interference from the ECG by an
efficient FIR filter with a reduced number of taiSEE Trans Biomed Eng.1985 Dec; 32(12):1052-60.

Dotsinky I, Stoyanov T, “Power-line interferencencallation in ECG signal” Biomed Eng.1995 jul; 4R{B1-5.

Ferdjallah M, Barr RE, “Frequency-domain digitdteiing techniques for the removal of powerline seoivith
application to the electrocardiogram” Comput Bionkb. 1990 Oct; 23(5):473-89.

Hassoun M.H., Fundamentals of Artificial Neural Wetk, MIT;1995.

Poungponsri S., Yu X.H., Electrocardiogram (ECGnal modelling and noise reduction using Waveletrale
network, Proc IEEE Intl Conf Autom Logistics, Shang, China, 2009; pp.394-398.

Mohan Das Choudhary and Ravindra Pratap Narwarid suppression of noise in ECG signal low pass IIR
filters” published in International Journal of Hieanics and Computer Science Engineering , volurhithber 4
2012, pp 2238-2243

Seema Verma , P. K. Singhal & Ravindra Pratap NaayveReduction of Artifact by FIR Low Pass Filtasing
Triangular, Rectangular and Parzen windows” publishn International Journal of Computer Information
systems, Vol. 5, No. 5, 2012, pp 75-85






