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Abstract 
In this paper, interference due to 50Hz power line in the electrocardiogram (ECG) measurement is reduced with 

the help of IIR filters. Pick up of hum from power line is a very common phenomenon in the measurement of 

ECG signals. It is of prime need to reduce the variations coming due to power line so that one can analyze the 

most of the critical points in the measured signal. Power Line Interference (PLI) may seriously degrade the ECG 

signal, rendering the ECG analysis inaccurate. By employing digital filter approach the effect of PLI is 

drastically reduced, thus, avoiding the conditions like changing the recording sites or installing expensive 

shields. The developed IIR filter has been designed and simulated using MATLAB with Butterworth and 

Chebyshev techniques. Both filters have been analyzed and compared in terms of their performance. It is found 

in the results that Butterworth IIR filter gives a more satisfactory response.  

Keywords-  ECG, IIR, notch filters, PLI. 

 

I. Introduction 
In the area of Electrocardiogram (ECG) 

analysis and filtration, the role of digital filters has a 

rich history. An electrocardiogram (ECG) is a 

graphical record of bioelectrical signal generated by 

the human body during cardiac cycle. ECG 

graphically gives useful information that relates to the 

heart functioning by means of a base line and waves 

representing the heart voltage changes during a period 

of time, usually a short period [1]-[3]. Putting leads on 

specific part of the human body, it is possible to get 

changes of the bioelectrical heart signal where one of 

the most basic forms of organizing them is known as 

Einthoven lead system. The ECG has a special value 

in the following clinical situations :  

a. Auricular and ventricular hypertrophy.  

b. Myocardial Infarction (heart attack). 

c. Arrhythmias.  

d.  Generalized suffering affecting heart and blood 

pressure.  

e.  Electrolytic transformations.  

In spite of the special value, the ECG is 

considered only a laboratory test. It is not an absolute 

truth concerning the cardiac pathologies diagnosis. 

There are examples of patients presenting string heart 

diseases which present a normal ECG, and also 

perfectly normal patients getting an abnormal ECG 

[4]. Therefore, an ECG must always be interpreted 

with the patient clinical information. 

According to [5] a signal can be analyzed and 

processed in two domains, time and frequency. ECG 

signal is one of the human body signals which can be 

analyzed and worked in time domain or frequency 

domain. Figure 1 presents typical waves in an ECG 

signal. P, Q, R, S, T and U are specific wave forms 

identified in the time domain of an ECG signal. The 

QRS complex, formed by Q, R and S waves, 

represents a relevant wave form because the heart rate 

can be identified locating two successive QRS 

complex.  

 
Figure 1 Typical waveform of ECG signal. 

 

Frequency values of an ECG signal vary 

from 0 Hz to 100 Hz [3] whereas the associated 

amplitude values vary from 0.02 mV to 5 mV.ECG 

signals are very weak in amplitude and low in 

frequency. Hence they are susceptible to two major 

types of noises generated by biological and 

environmental resources. Biological sources of noise 

causes base line drift and amplitude modulation of 

ECG signal. Environmental sources of noise may 

cause PLI, instrumentation noise generated by 

electronic devices. For removing these unwanted noise 

added to the ECG signals, digital filtering is done. The 

computational requirement is a major factor which 
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must be considered in practical applications. Digital 

filtering techniques are more flexible as they are built 

using software and can be changed at any design 

stage, which is not possible with their analog 

counterpart.   

Many of the researchers have worked on the 

methods to reduce the interferences. The use of digital 

filters in the analysis and filtration of ECG signals is 

being recommended [6]. The IIR filters were used for 

reducing the noise in the ECG signals.IIR filters 

presents a good solution to filtering the ECG for noise 

reduction. High pass, low pass and band stop filters 

were used to reduce all the noise below 0.5Hz, above 

100Hz, and power line interference at 50Hz, 

respectively. An efficient FFT method to estimate PLI 

in ECG is also being recommended [7]. Power 

spectrum of ECG signals can also e calculated by 

other conventional methods also. It is important to 

measure the power spectrum of ECG signals in order 

to estimate the noise level being present at each and 

every spectral component.  

Parabolic filters were also being tested to 

reduce the effects of 50Hz noise [8]. Parabolic filters 

presents a distinct advantage in band stop filtering. 

There are many factors which should be considered 

while justifying the role of any filter in noise removal, 

such as, stability in that particular region, phase 

linearity  (specially in case of IIR filters) and the 

number of filter coefficients used. Digital filter 

structure such as window based FIR filter is proposed 

to maximally remove the noise from the ECG signal 

[9]. FIR filters presents an additional advantage of 

phase linearity in the region of interest, while, it 

presents the problem of increased number of filter 

coefficients, which in turn increases the hardware. 

The use of ICA theory is employed to 

minimize the effect of PLI [10]. Power line 

interference occurs due to the presence of ac power 

lines near the measurement site. Due to these power 

lines, the 50Hz humming noise get added to the 

measured ECG signal. This causes the problem in 

measuring the information from the observed ECG. 

Experiments on accuracy of 50 Hz interference 

subtraction from an electrocardiogram were also being 

conducted [11].  

A simple self tuned notch filters were 

considered for removing interference[12]. Notch 

filters presents a very high attenuation to a particular 

frequency of interest. Estimation of noise in the ECG 

by subtraction procedure is also being done [13]. 

 

II. IIR filters 
A digital filter is a mathematical algorithm 

implemented in hardware/software that operates on a 

digital input signal to produce a digital output signal 

for the purpose of achieving a filtering objective. The 

term digital filter used in this paper refers to the 

software filter. Digital filters play a crucial role in 

digital signal processing, e.g., biomedical signal 

processing . The transfer function for IIR filter is: 

 

    

  
        

        
       

        
   

      
        

       
          

        

 Where a and b are the coefficients of the filter.  Order 

of the filter is M. 

The first step in ECG analysis is to record the 

electrical activity of the heart. This is done by putting 

electrodes on the surface of the body.ECG amplifiers 

are used for real time applications. The flow chart for 

the step by step by procedure involved in the proposed 

digital filtering is given below. 
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START 

 

 

 

Read ECG signal and add simulated noise to it 

 

 

 

Plot the signal in time domain 

 

 

 

Choose design parameter of filter for noise reduction 

 

 

 

 

Design Butterworth & Chebyshev type1 digital IIR filter 

 

 

 

Filter the noisy ECG signal with the proposed filter 

 

 

 

 

Calculate the PSD of the filtered data with the periodogram method using MATLAB 

 

 

 

END 

Figure 2 Flowchart for implementation procedures. 

 

III. Proposed IIR Filter Design and 

Simulation 
Digital IIR filters can be designed to be high 

pass, low pass, band pass or band stop. The band stop 

filter can be modified to work as a notch filter, which 

of our concern in this paper. Digital IIR filters are 

being designed from its analog counterpart by various 

methods like impulse invariant, matched z-transform 

or bilinear z-transform. Analog counterparts of digital 

IIR filters are butterworth, chebyshev1and  

 

 

chebyshev2. We will design the digital IIR filter with 

butterworth and chebyshev1 filters and present a 

comparative analysis of the both 

A 50Hz butterworth notch filter is designed 

for power line interference reduction. Figure 3 shows 

that magnitude response is flat in the pass band. 

Figure 4 shows that phase response is linear in the 

pass band, thus making it suitable for the real time 

applications. Figure 5 shows the pole zero plot of the 

system. It is clear from the figure 5 that system is 

stable as no poles are outside the unit circle. 

 
Figure 3 Magnitude response of butterworth notch filter. 
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Figure 4 Phase response of butterworth notch filter. 

 

 
Figure 5 Pole zero plot of butterworth notch filter. 

 

Next, a chebyshev type 1 bandstop filter is 

designed for power line interference removal. Figure 6 

shows that magnitude response is flat in the pass band.  

 

 

 

Figure 7 shows that phase response is linear 

in the pass band, thus making it suitable for the real 

time applications. Figure 8 shows the pole zero plot of 

the system. It is clear from the figure 5 that system is 

stable as no poles are outside the unit circle. 

 
Figure 6 Magnitude response of chebyshev type 1 filter. 

 

 
Figure 7 Phase response of chebyshev type 1 filter. 
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Figure 8 Pole zero plot of chebyshev type 1 filter. 

  

The chebyshev filter is designed so as to stop 

the interference coming from the power line. Usually 

the noise from power line is not exactly concentrated 

at 50Hz. It is centered around 50 Hz. So, a bandstop 

filter presents additional advantage. 

 

 

 

IV. Results & Discussions 
 ECG signal before filtration is shown by 

figure 9. This ECG signal is corrupted by noise. 

Figure 10 shows filtered ECG signal. The filtration is 

done using butterworth digital IIR filter for removing 

50Hz noise. 

 
Figure 9  ECG signal before filtration. 

 

 
Figure 10 ECG signal after butterworth filtering. 

 

The power spectral density of the noisy ECG 

signal is shown by figure 11. Figure 12 shows the 

power spectral density of filtered ECG signal. At the 

frequency of 50Hz, frequency spectrum  before 

filtration shows a signal power of -80dB. After  

 

application of digital butterworth filtering, frequency 

spectrum shows a signal power of -108 dB. This result 

clearly exhibits the utility of the proposed butterworth 

filter in reducing PLI at 50Hz.  

 

 
Figure 11 Power spectral density of noisy ECG signal. 
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Figure 12 Power spectral density of butterworth filtered ECG signal. 

 

ECG signal before filtration is show by figure 

13. This ECG signal is corrupted by noise and 

contains noise at various spectral components. Figure 

14 shows filtered ECG signal. The filtration is done  

 

using Chebyshev type 1  IIR filter for removing 50Hz 

noise. The filter is bandstop type so as to stop the 

noise centered around 50Hz. 

       

 
Figure 13 Noisy ECG signal. 

 

 
Figure 14 ECG signal after Chebyshev type 1 filtering. 

 

The power spectral density of the noisy ECG 

signal is shown in figure 15. Figure 16 shows the 

power spectral density of filtered ECG signal. At the 

frequency of 50Hz , frequency spectrum  before 

filtration shows a signal power of -82dB. After 

application of digital Chebyshev type 1 filtering, 

frequency spectrum shows a signal power of -100 dB. 

This result clearly exhibits the utility of the proposed 

filter in reducing PLI at 50Hz.  

 
Figure 15 Power spectral density of noisy ECG signal. 

 

 
Figure 16 Power spectral density of ECG signal after Chebyshev type 1 filtering. 
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The comparative analysis of the proposed 

digital IIR filtering methods for PLI removal in ECG 

signals is shown in table 1. It is clear from the table 

that digital Butterworth filter presents a larger 

attenuation to the interference signals at 50Hz. Thus, it 

finds more suitability for removing 50Hz power line 

interference. 

 

 

 

 

 

 

 

 

 

 

Table 1 Comparative analysis of the two proposed IIR 

filters.  

Filter type Before 

filtration 

After 

filtration 

Attenuation 

at 50Hz 

Power at 

50Hz (dB) 

Power at 

50Hz (dB) 

Butterworth -80 -108 28dB 

Chebyshev 

type 1 

-82 -100 18dB 

  

The combined power spectrum density of 

ECG signal is shown by figure 17, before and 

filtration. The filter used is Butterworth IIR filter. It is 

clear from the figure that noise is removed up to a 

satisfactory extent. Figure 18 shows the combined 

power spectrum density of signals, before and 

filtration using digital Chebyshev type 1 filter.

   

    
Figure 17 PSD after and before butterworth filtering. 

 

 
Figure 18 PSD after and before chebyshev type 1 filtering. 

 

V. Conclusion 
The proposed method provides an easy and 

less complex tool for reducing 50Hz PLI removal. The 

ECG is the most commonly studied potential 

interface, mainly due to its fine temporal resolution, 

ease of use, portability and low set-up cost. IIR  filters 

provides a simple way to reduce the interference due 

to power line without losing any relevant data. The 

comparative analysis clearly shows the utility of 

Butterworth filter in PLI removal. Attenuation of 28 

dB is offered at 50Hz by filtering with IIR 

Butterworth filter, which is fairly a large value and is 

suitable to stop noise at 50Hz. Chebyshev type 1 

bandstop filter offers 18dB of attenuation at 50Hz. But 

this filter finds more suitability when the noise due to 

power line is present not only at 50Hz but it is 

centered around it. In the latter case, it is clearly 

visible from figure 18, Chebyshev type 1 bandstop 

filter is offering large attenuation to frequencies 

around 50Hz,  

 

References 
[1]  Goldschlager, N. (June 1989). Principles of 

Clinical Electrocardiographic, Appleton & 

Lange, 13th edition, ISBN 978-083-8579-

510,  Connecticut, USA. 



Gaurav Gupta et al Int. Journal of Engineering Research and Applications                   www.ijera.com 

ISSN : 2248-9622, Vol. 3, Issue 6, Nov-Dec 2013, pp.1309-1316 

 

 

www.ijera.com                                                                                                                            1316 | P a g e  

[2]  Dubin, D. (August 1976). Electrocardiografía 

Práctica : Lesión, Trasado e Interpretación, 

McGraw Hill Interamericana, 3rd edition, 

ISBN 978-968-2500-824, Madrid, Spain  

[3] Cuesta, D. (September 2001). Estudio de 

Métodos para Procesamiento y Agrupación 

de Señales Electrocardiográficas. Doctoral 

Thesis, Department of Systems Data 

Processing and Computers (DISCA) , 

Polytechnic University of Valencia, 

Valencia, Spain. 

[4]  Goldschlager, N. (June 1989). Principles of 

Clinical Electrocardiographic, Appleton & 

Lange,13th edition, ISBN 978-083-8579-510, 

Connecticut, USA. 

[5] Proakis, J. ; Manolakis, D. (2007). Digital 

Signal Processing  : Principles, Algorithms, 

and Applications, Prentice Hall, 3rd edition, 

ISBN 978-013-3737-622, New Jersey, USA. 

[6]  Sonal K. Jagtap and M.D. Uplane , “The 

Impact of Digital Filtering to ECG Analysis: 

Butterworth Filter Application”, Proc. of the 

2012 International Conference on 

Communication, Information & Computing 

Technology (ICCICT), Oct. 19-20, Mumbai, 

India,pp. 1-6, 2012. 

[7]  Nauman Razzaq, Maryam Butt, Muhammad 

Salman, Khalid Munawar, Tahir Zaidi , “An 

Efficient Method for Estimation of Power 

Line Interference in ECG”, Proc. Of U2013 

Proceedings of Intemational Conference on 

Modelling,  Identification & Control 

(ICMIC) Cairo, Egypt, pp.  275- 279, 2013.  

[8] G.Kavya and Dr.V.Thulasibai , 

“Parabolic Filter For Removal Of Powerline 

Interference In ECG Signal Using 

Periodogram Estimation Technique”, Proc. 

Of 2012 International Conference on 

Advances in Computing and 

Communications, pp. 106-109, 2012. 

[9]  Rashmi Panda and Umesh C. Pati, “Removal 

of Artifacts from Electrocardiogram Using 

Digital Filter” , Proc. Of 2012 IEEE 

Students’ Conference on Electrical, 

Electronics and Computer Science, pp. 1-4, 

2012. 

[10]  Wang Sanxiu and Jiang Shengtao, “Removal 

of Power Line Interference of ECG signal 

Based on Independent Component Analysis”, 

Proc. Of 2009 First International Workshop 

on Education Technology and Computer 

Science, pp. 328-330, 2009. 

[11]  I.A. Dotsinky and I.K. Daskalov, “Accuracy 

of 50Hz interference subtraction from an 

electrocardiogram”,, Med. Biol. Eng. 

Comput., vol. 34, pp. 489-494,1996. 

[12]  S.K. Yoo, et.al., “Simple self tuned notch 

filter in bio-potential amplifier”, Med. Biol. 

Eng. Comput., vol. 35, pp. 151-154,1997. 

[13] Levkov C., Mihov G., Ivanov R., 

Daslkov I., Christov I, Dotsinsky I., 

“Removal of power line interference from 

ECG: a review of the subtraction procedure”, 

Biomed. Eng. Online., Issue 4, vol. 50,2005.  


