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Abstract
In this paper we proposed a method EAM (Ensemble Averaging 
Method) for noising reducing in ECG. Noise occurs especially 
from power line interfaces and electrodes.Ensemble Averaging 
Method ECG requires averaging of several cardiac cycles to be 
performed, no prior time reference is available for heart beats 
Information from the last cycle was stored the sum was divided by 
the total number of cycles in the sample and this ensemble average 
was presented to the graphics terminal display and stored for later 
analysis. Ensemble averaging provides some improvement in the 
stability of the signal and signal to noise ratio under conditions 
of non periodic influences of respiration and motion. Averaging 
reduces noise variance and thus more accurate signal estimates 
can be achieved. Ensemble averaging relies on the assumption 
that the noise is uncorrelated from Evoked Potential to Evoked 
Potential. No information is included that reflects the degree to 
which successive samples in an EP are correlated. Hence the noise 
level is reduced by averaging, while the stimulus-related Evoked 
Potential remains unchanged.
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I. Introduction:
An Electrocardiogram (ECG) describes the electrical activity of 
the heartrecorded by electrodes placed on the body surface. The 
voltage variationsmeasured by the electrodes are caused by the 
action potentials of the excitablecardiac cells as they make the cells 
contract. The resulting heartbeatin the ECG is manifested by a series 
of waves whose morphology and timingconvey information which 
is used for diagnosing diseases that are reflectedby disturbances of 
the heart’s electrical activity. The time pattern that characterizes the 
occurrence of successive heartbeats is also very important [1]. The 
Electrocardiogram (ECG) is the recording of the cardiacactivity 
and it is extensively used or diagnosis of heart diseases.Electrode 
artifactsare mainly caused by skin stretching which alters the 
impedance of the skin around the electrode. Motion artifacts 
resemble the signal characteristics of baseline wander, but are more 
problematic to combat since their spectral content considerably 
overlaps that of the PQRST complex. They occur mainly in the 
range from 1 to 10 Hz [2-3]. Powerline interference(50/60 Hz) 
is caused by improper grounding ofthe ECG equipment and 
interference from nearby equipment [4] Actually,the power line 
signal, measured directly from the transmission line, has variations 
in amplitude, frequency and phase, along with the presence of 
harmonics with time varying characteristics as well. This is 
more complicated when the power line signal is interfacing in 
the ECG, because its amplitude changes can be more abrupt. [5] 
Averaging reduces noise variance and thus more accurate signal 
estimates can be achieved.Ensemble averaging provides some 
improvement in the stability of the signal and signal to noise 
ratio under conditions of non periodic influences of respiration 
and motion,Ensemble averaging has the potential to reveal small 
changes that would otherwise be obscured in the ongoing ECG.

The Electrocardiogram (ECG) is widely used for diagnosis of 
heart diseases. Good quality ECG is utilized by physicians for 
interpretation and identification of physiological and pathological 
phenomena. However, in real situations, ECG recordings are often 
corrupted by artifacts. The dominant artifacts present in ECG 
recordings are:  high-frequency noise caused by electromyogram 
induced noise, power line interferences, or mechanical forces 
acting on the electrodes [6] Ensemble method presented has several 
properties: (a) it efficiently uses all the networks of a population 
-- none of the networks need to be discarded; (b) it efficiently 
uses all of the available data for training without over-fitting; (c) 
it inherently performs regularization by smoothing in functional 
space, which helps to avoid over-fitting; (d) it utilizes local minima 
to construct improved estimates whereas other neural network 
algorithms are hindered by local minima; (e) it is ideally suited 
for parallel computation; (f) it leads to a very useful and natural 
measure of the number of distinct estimators in a population; and 
(g) the optimal parameters of the ensemble estimator are given in 
closed form. Experimental results show that the ensemble method 
dramatically improves neural network performance on difficult 
real-world optical character recognition tasks.

II.METHODS

A. Ensemble Averaging Method
As we know that noise occurs due to the power line cables and 
electrodes, now we are going to apply a noise reduction method i.e. 
ensemble averaging method The starting point for noise reduction 
in event-related signals is the observation that a stimulus causes 
a time-synchronized to the stimulus. The stimulus is assumed to 
be elicited at equidistant points in time, and the resulting EPs are 
contained in a signal recorded from a suitably positioned. The 
observed ECG signal can be transformed into an ensemble of 
M different potentials, with each potential xi (n) described by N 
samples [7]
xi(n),  i=1, . . . . . . . ,M ;   n= 0, . . . . N-1;
The ensemble is the natural starting point for the discussion in this 
section and is conveniently represented by the N × M matrix X,
X= [x1x2,, , , , , xn]
Where the ith potential is contained in the column vector

B. Averaging of Homogeneous Ensembles
Ensemble averaging is based on a simple signal model in which 
the potential xi of the ith stimulus is assumed to be additively 
composed of a deterministic, evoked signal components and 
random noise vi which is asynchronous to the stimulus [8].
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The noise vi of ith EP

Is assumed to derived from ongoing ‘noise’ process v (n) which, 
in this model, is a stationary, zero-mean process,
E [v (n)] =0
The noise is characterized by its correlation function rv(k), 
rv(k) = E[v(n)V(n-k)]
Consequently, the noise variance is fixed and identical in all 
potentials
rv(0) = E[vi

2(n)] = σv
2,    i= 1. . . . . , M

Ensemble averaging does not exploit the detailed properties of 
rv(k)
Except rv(k) that is assumed to decay to zero so fast that the 
background noise can be considered to be uncorrelated from 
potential to potential,
E[vi(n)vj(n-k)] = rv(k)δ(i-j)
Where 
δ (i)   =            1 i =0
    0 i ≠ 0        
Ensemble averaging is a straightforward approach to estimate the 
deterministic signal s and produces the estimate ŝa
ŝa = 1/M (x1+x2+x3+. . . . .  .+xM) = 1/M X1
 = s + 1/M V1
Where the noise components, represented by the column matrix
V = [v1  v2v3 . . . . . vM]
Are attenuated by the factor 1/M the column vector 1 has the value 
one in all entries.The exact notation is ŝa, m, where M indicates the 
size of the ensemble; however, M is omitted unless it is explicitly 
required. The more familiar expression for ensemble averaging,

   M
ŝa(n) = 1/M   ∑  xi(n)
   i=1

III. Experimental Set Up
Ensemble Averaging Method ECG requires averaging of several 
cardiac cycles to be performed, no prior time reference is available 
for heart beats Information from the last cycle was stored the sum 
was divided by the total number of cycles in the sample and this 
ensemble average was presented to the graphics terminal display 

and stored for later analysis. Ensemble averaging provides some 
improvement in the stability of the signal and signal to noise ratio 
under conditions of non periodic influences of respiration and 
motion. Averaging reduces noise variance and thus more accurate 
signal estimates can be achieved. Ensemble averaging relies on 
the assumption that the noise is uncorrelated from EP to EP. No 
information is included that reflects the degree to which successive 
samples in an EP are correlated. Hence the noise level is reduced by 
averaging, while the stimulus-related EP remains unchanged. 

Fig. 1: Experimental Setup Block Diagram

The acquisition of bioelectrical signals is today accomplished 
by means of relatively low-cost equipment which appropriately 
amplifies and digitizes the signal. As a result, several clinical 
procedures based on bioelectrical signals are in widespread use in 
hospitals around the world. In many situations, PC-based systems 
can be utilized as an efficient and cost-effective solution for signal 
analysis, especially considering the availability of expansion cards 
for data acquisition. Such a system includes one or several sensors, 
external hardware for patient insulation and signal amplification, 
an acquisition card with analog/digital (A/D) conversion, and 
software for signal analysis [8]. In the digitization process, it is 
usually sufficient to use 12-14 bits for amplitude quantization in 
order to cover the dynamic range of a signal; it is presumed that 
very slow, large-amplitude drift in the direct current (DC) level 
has been removed prior to quantization without modifying the 
physiological content of the signal. The amplitude of individual 
bioelectrical0 waveforms ranges from 0.1 pV, observed in certain 
types of EPs once subjected to noise reduction, to several mill volts, 
as observed in ECG [9].ECG signal is a type of electrical signal 
generated as myocardial tissues making up the heart constrict 
and relax under the regulation of the heart’s impulse conduction 
system. Specifically, the waveform derived from measuring 
this types of electrical and biological electric generation using 
external leads is ECG. Generally, ECG consists of a P wave, 
a QRS complex, and a T wave. P wave is formed as the atria 
constrict QRS complex forms as the ventricles constrict, and T 
wave is formed as the ventricles relax. The wave that forms as 
the atria relax virtually overlaps entirely with the wave generated 
with the constriction of theventricles and is therefore ignored. 
Figure 1 shows an example of ECG waveform and the various 
parameters that can be derived from ECG waveform for use in 
diagnosis and health monitoring [10] Normal ECG signals carry 
a virtually consistent cycle and generate a regular rhythm. Ergo, 
it becomes possible to analyze the individual ECG waveforms to 
identify cardiac abnormalities and to pinpoint the exact location of 
the problem and ECG is accordingly widely used to infer about the 
pathological and biological mechanisms of the human heart and 
to diagnose for various heart disorders. ECG bandwidth between 
0.05Hz and 100Hz is used for general diagnosis applications, and 
ECG bandwidth between 0.05Hz and 35Hz is used for patient 
monitoring or healthcare purposes [11]. These ECG bandwidths, 
however, can overlap with other elements such as the 60Hz power 
supply noise, baseline wandering due to respiration, high frequency 
noises originating from various electronic devices and equipments, 
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motion artifact from changes in skin-to-lead impedance brought on 
subject movement, and ECG signal of muscle tissue movements, 
averaging relies on the assumption that the noise is uncorrelated 
from EP to EP. No information is included that reflects the degree 
to which successive samples in an EP are correlated. Hence the 
noise level is reduced by averaging, while the stimulus-related 
EP remains unchanged

Fig. 2: Composition of ECG Signal

Normally, the SA Node generates the initial electrical impulse 
and begins the cascade of events that result in a heart-beat. For 
a normal healthy person the ECG comes off as a nearly periodic 
signal with depolarization followed by repolarisation at equal 
intervals. However, sometimes this rhythm becomes irregular.  
Cardiac arrhythmia (also dysrhythmia) is a term for any of a large 
and heterogeneous group of conditions in which there is abnormal 
electrical activity in the heart. The heart beat may be too fast or too 
slow, and may be regular or irregular. Arrhythmia comes in varieties. 
It may be described as a flutter in chest or sometimes “racing 
heart”. The diagnosis of Arrhythmia requiresElectrocardiogram. 
By studying ECG, Doctors can diagnose the disease and prescribe 
the required medications

Fig. 3: Arrhythmia Simulator

Digital storage oscilloscope is required for storage of generated 
signals from arrhythmia simulator both are interconnected by a 
cable

Fig. 4: Digital Storage Oscilloscope

This is the experiment setup for taking ECG signals from 
simulator

Fig. 5: Experimental Setup

IV. Results
The proposed ECG signal Denoising based on ensemble averaging 
method is finally implemented on Mat Lab .the noisy signal taken 
from arrhythmia simulator we have applied a ensemble averaging 
method
The following figures shows the results

Fig. 6: ECG Signals

IV. Table
QRS Complex Time(ms) Amplitude(mV)
p 1.7 0.2
q 4.2 -0.1
r 4.7 0.6
s 5.5 0.48

Fig. Time Vs Amplitude at Various peaks

V. Conclusion
By experiment we have described in this paper artifacts occurring 
while measuring ECG signal and ensemble averaging method 
which reduce the noise occurs while measuring ECG.
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