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Abstract— The Electrocardiogram (ECG) belongs to a family of multicomponent non-stationary signals. These non-stationary components are ob-
served even when the ECG signal of a perfectly healthy person is taken. One of the main problems with ECG is the extraction of required cardiac com-
ponents by rejecting the background noise caused by power line interference, external electromagnetic fields, random body movements and respiration. 
Different types of digital filters are used to separate the signal of interest from entire frequency range of the signal. This paper deals with the denoising 
and filtering of the raw ECG signal and the data set is taken from MIT-BIH arrhythmia database.  
 

Index Terms— PSD, Electrocardiogram, IIR, MIT-BIH Arrhythmia Database. 

——————————      —————————— 

1 INTRODUCTION                                                                     
Electrocardiogram (ECG) interprets the electrical activity of 
the heart over a specified period of time. It is a multi compo-

nent and non-stationary signal [1]. ECG signal is a prognostic 
tool used for the measurement and recording of electrical activity 
of heart and it also helps in measuring the rhythm and invariabil-
ity of heart beat. The potential difference between two points on 
human body is represented by ECG . The normal ECG signal is 
poised of a P-wave, a QRS complex and a T-wave[2]. The  wave-
form shown in fig.1 initiates with a peak which is usually referred 
as P-wave[3]. It exemplifies the atrial depolarization that is the 
requisite time for an electrical impulse generated from the sino-
atrial node to proliferate throughout the atrial musculature and its 
duration is about 0.06-0.11 seconds.  P-R interval as shown in fig 
1, starts from the  

 
beginning of the P-wave and ends to the beginning of the QRS 
complex. It reflects the time that the impulse elapse to travel the 
entire distance from sinoatrial node to the ventricular muscle fi-
bres[4]. Its normal duration is about 0.12-0.20 seconds[5]. The 
QRS complex represents ventricular depolarization and is com-
posed of three waves - the Q-wave, the R-wave and the S-
wave[6]. Q wave is present at the beginning of QRS complex. It 
is the first negative deflection. The first positive deflection ob-
served is depicted by R-wave, irrespective of the fact that it is 

transcended by a Q-wave or not S wave is the next negative aber-
ration which is superseded by the R-wave[7]. 
Normal duration of the QRS complex is 0.05 to 0.10 seconds. Q-
T interval reflects the requisite time for ventricular depolarization 
and repolarisation[8]. It extends from the initiation of QRS com-
plex to the termination of the T-wave.  In the S-T segment the T-
wave exemplify the time indispensible for the ventricular repolar-
isation [9]. Sometimes, a U-wave can also be observed which 
follows the T-wave. It represents the repolarisation of the His-
purkinje fibres. 

2.3 Figures 
 

  
              Fig.1 ECG waveform 

ECG signal processing is a huge challenge since many factors 
like AC power supply interference, RF interference from surgical 
equipment and implanted devices like pace makers and physio-
logical monitoring system can also impact accuracy [10]. The 
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main source of noises in the ECG signal are baseline wander 
which is low frequency noise, powerline interference occurring at 
50 Hz or 60 Hz noise from power lines, muscle noise and other 
interference that is the radio frequency noise from other equip-
ment[12].  

2. DATASET 

The dataset used in this study is acquired from physio-
Bank named “MIT-BIH Arrhythmia Database” which is 
available on-line. The source of the ECGs included in the 
Database is a set of over 4000 long-term Holter record-
ings[11]. These recordings were obtained by the Beth Israel 
Hospital Arrhythmia Laboratory between 1975 and 1979. 
Approximately 60% of these recordings were obtained 
from inpatients. The database contains 10 records (num-
bered from 100 to 110 ) that were chosen from the same set. 
It comprises of a variety of rare but clinically important 
phenomena that would not be well-depicted by a small 
random sample of Holter recordings[13]. The first group 
acts as a representative sample of the variety of waveforms 
and shows that an arrhythmia detector might be confront-
ed in routine clinical use. The second groups were chosen 
to include complex ventricular, junctional, and supra-
ventricular arrhythmias and conduction aberrancies. By 
placing the electrodes on the chest, we can obtain a modi-
fied limb lead II (MLII) that is the upper signal in most of 
the records. The lower signal is usually a modified lead V1. 
Nine Del Mar Avionics model 445 two-channel recorders 
were used for original analog recordings [14]. 
            In order to limit analog-to-digital converter (ADC) 
saturation firstly the analog outputs of the playback unit 
were filtered and then anti-aliasing is done by using a pass 
band from 0.1 to 100 Hz relative to real time[15]. The band 
pass-filtered signals were digitized at 360 Hz per signal 
relative to real time using hardware constructed at the MIT 
Biomedical Engineering Center and at the BIH Biomedical 
Engineering Laboratory[16]. The sampling frequency was 
chosen in such a way that it facilitates the implementations 
of 60 Hz (mains frequency) digital notch filters in arrhyth-
mia detectors[17]. 

 

3. IIR FILTERING TECHNIQUE 

Sometimes, the ECG is recorded during ambulatory or 
strenuous conditions therefore the signal is corrupted by 
different types of noise, frequently evolving from various 
other physiological process of the body[18]. Hence one of 

the important objectives of ECG signal processing is noise 
reduction. We have to apply appropriate signal processing 
so that the waveform of interest can be revealed from the 
heavily noise masked ECG signal[19]. Various noises af-
fecting the measured ECG signal are baseline wandering, 
electrode contact noise, muscle noise, electrosurgical noise 
and power line interference. Baseline noise distorts the low 
frequency segment of ECG signal [20]. The low frequency 
segment is S-T segment. This segment is very important 
and has the information pertaining to heart attack. Efficient 
removal of baseline noise may provide us certain infor-
mation that are hidden from the doctors until now, which 
may help to save the life of a person. Different signal from 
MIT-BIH database were also analyzed. For denoising and 
filtering of ECG signal we have employed the digital IIR 
filter[21]. Filters have functions of the signal separation and 
signal restoration. The signal separation is done when sig-
nal is affected by the interference, noise or by other noise 
factors. For instance, if we imagine a device that measures 
the electrical activity of a baby’s heart while still in the 
womb, the raw signal is supposed to be corrupted by the 
breathing and heart beat of the mother. Therefore to indi-
vidually analyze these signals we make use of filter for 
separating them. In case of signal distortion by some means 
signal restoration is used. In audio recording made with 
poor equipment may be filtered to better represent the 
sound as it actually occurred [22]. 
          
 The impulse response function of an IIR system is non-
zero over an infinite length of time. They may be imple-
mented as either analog or digital filter. The butter worth 
filter has the best taylor series approximation for the ideal 
low pass filter response at analog frequencies Ω= (-∞) and 
Ω= ∞. For any order N, the magnitude squared response 
has 2N-1 zero derivative at these locations [23]. Response is 
monotonically decreasing from Ω= 0 to Ω= ∞.  

    

Here, we have made use of Lowpass Butterworth filter 
whose magnitude squared response is given as[24]: 

      
where, 
n = order of the filter 
Ωc = cut off frequency 
G0 = DC gain 
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4. RESULT AND DISCUSSION 
 

We have considered the case of 100m ECG signal for our 
analysis. Raw ECG was taken as shown in fig. 2(a).  
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Fig.2 Amplitude and Time Represrentation of ECG 

a) Raw ECG signal 
b) Filtered ECG signal 
c) De-noised ECG signal    

Now we know that this ECG signal contains different types 
of noise. Here, we are dealing with two principal noises 
that mainly occur in the ECG signal. These noises are the 
power line interference and baseline wandering. 
Baseline wander is actually the effect where the base axis of 
any signal viewed on the screen appears to wander or 
move up and down rather than to be straight. It causes the 
entire signal to shift from its base. It is caused due to im-
proper electrodes (rusted or broken)  and due to the respi-
ration of the patient while recording the ECG signal.  
The fig.2(a) clearly shows that the base line of the signal is 
shifted from the 0-axis to -0.5 on the amplitude scale. This 
depicts the baseline wandering effect present in the ECG 
signal.  
The fig.2(b) is the filtered version of the raw ECG signal. 
The filtering is done with the help of IIR filter since it has 
many advantages over the other type of filters. In the figure 
we can clearly observe that the baseline which was at -0.5 
on the amplitude axis in the raw ECG has now been shifted 
to 0-axis. This eliminates the baseline wandering effect as 
clearly depicted in the Welch power spectral density of the 
denoised signal. 
Now the fig.2(c) shows the denoised form of the raw ECG 
signal. We can clearly observe in the denoised ECG signal 
that the unwanted components that were present in the 
raw ECG signal are now removed. Hence we have obtained 

the filtered and denoised form of the ECG that can be fur-
ther used to analyse the condition of any person. 
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Fig3. PSD of Raw ECG signal 

The raw ECG also has noise and power line interference.  
Power line interference is significant in electrocardiog-
raphy and even a proper recording environment is not suf-
ficient to avoid this interference. The amplitude of power 
line interference should be less than 0.5% of peak to peak 
QRS amplitude of high quality analysis of ECG. This corre-
sponds to a signal to interference ratio (SIR) of about 
30dB.The power ratio between the ECG signal and power 
line interference is known as SIR. 
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Fig.4 PSD of filtered ECG 

 
Normally, the SIRs between 0 to 40 dB are encountered 
with contact electrodes and after filtering the SIR of the 
ECG signal has been improved. 
Welch method is used for estimating the power of the sig-
nal at different frequencies for spectral density estimation. 
The time domain view of the ECG signal reveals the pres-
ence of noise which is confirmed by the power spectral 
density estimate having power line interference at 60 Hz as 
shown in fig. 3. 
 Fig.4 shows the Welch power spectral density of the fil-
tered ECG signal. We can easily observe from the figure 
that there is no peak occurring at 60 Hz which was present 
earlier in the raw ECG signal due to power line interfer-
ence. 
            In the raw ECG signal the power was decreasing steeply 
at lower frequencies due to the presence of baseline wandering 
effect while, in the filtered signal the power is decreasing gradu-
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ally. Hence, the power line interference and baseline wandering 
both are removed in the filtered signal.               
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Fig 5.PSD of  Denoised  ECG 

After denoising the filtered signal, all the unwanted components 
from the ECG signal have been removed. This improves the Sig-
nal to Noise Ratio (SNR) of the filtered ECG signal and it can be 
seen in fig.5 which is the Welch power spectral density of de-
noised ECG signal. 

5. CONCLUSION 
This paper deals with the filtering and denoising of the ECG sig-
nal. Firstly, we have taken the raw ECG signal and observed that 
it contains baseline wandering and power line interference. To 
remove these noises, we have filtered and denoised the ECG sig-
nal using IIR filter. This removes the noises as well as improves 
the signal to interference and signal to noise ratio of the ECG 
signal. The removal of noise will be useful in analyzing the exact 
condition of any person. 
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