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Abstract: Electrocardiogram (ECG) is extremely important in the diagnosis of patient’s heart
condition which is commonly recorded with a noise. Many different kinds of noise exist in biomedical
environment such as Power Line Interference (PLI), baseline wander and noise due to muscles
contraction and relaxation. Out of them, PLI is main source of noise which badly affects the
characteristics of ECG signals. Removal of power line interference is an important task for analyzing
ECG signal. There are two types of PLI that are stationary and non-stationary. Notch filters are used
to remove stationary power line interference and adaptive cancellers are used to handle nonstationary power line interference. The adaptive filter can adjusts the filter coefficients according to
the adaptive algorithm. In this paper, an effective adaptive algorithm can be used for eliminating
50Hz (or 60Hz) power line interference from ECG signal. Matlab is used to design the filter algorithm
and tested on ECG signal corrupted with various power line frequencies. The proposed method can
also be used to filter out the PLI from ECG which\having low signal-to-noise ratio (SNR).
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INTRODUCTION
ECG signal plays a vital role in biomedical field. But ECG signal will be mixed with the power-line
interference. The research on the PLI removal is the hot topic of the biomedical area. ECG signal
with the power line interference, will cause an impact on analysis of heart condition of the
patients, so it is very important to remove power-line interference effectively in ECG signal
processing. The power-line interference can be assumed to be a sinusoidal wave. But
practically, power-line interference signal is non-stationary. So we proposed an effective
adaptive algorithm for removing power-line interference. In this paper, we can remove the
interference component from the input ECG signal to estimate power-line interference. For a
high quality analysis of the electrocardiogram (ECG), the amplitude of the power line
interference should be less than 0.5% of the peak-to-peak QRS amplitude [1].Before doing any
further analysis the PLI should be removed from ECG signal by using ideal PLI suppression
method, while keeping the ECG signal as it is.

Figure 1. General adaptive filtering diagram.
Above given figure is general adaptive filtering technique, the digital filter w (n) is applied on
input side x(n), which produce an output signal y(n). Adaptive algorithm adjusts the filter
coefficient which included vector w(n) in order to minimize the error signal e(n).Error signal is
nothing but difference between the desired signal d(n) and output signal y(n).


RELATED WORK

Power line interference (PLI) is the noise that commonly disturbs the basic electrocardiogram
signal (ECG).Many researchers have been made contributions regarding noise removal of ECG
signal. Here we review on research work done by various authors.
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Using an external reference signal, power line interference from ECG signal is eliminated by
adaptive filtering was first proposed by Widrow [6].In this paper main advantage is to reduce
periodic or stationary random interference in both periodic and random signals. But the
disadvantage is, it requires external reference signal with each instant of PLI cancelling which
was accomplished with little signal distortion. Ahlstrom and Tompkins [7] reported on an
adaptive 60-HZ filter for ECG signals that used an internally generated reference signal. Also
Ahlstrom and Tompkins’ adaptive filter is less complex, produces less distortion in a typical ECG,
and it is effective work in removing low level 60-Hz noise. But Ahlstrom and Tompkins’ filter is
nearly similar to a nonadaptive, second order, notch filter, implying that the performance of a
nonadaptive notch filter and an adaptive notch filter with an internally generated reference is
equivalent. If there is small difference occurs in bandwidth then the transient response time of
notch filter is also affected and hence the filter will adapt more slowly to changes in noise [7].
Neural network based nonlinear adaptive filter [8] has a better way to eliminate the baseline
drift, pseudo-differential effects. But the adaptive filter used in the template, which are subject
to the impact of variation of QRS wave, while the neural network with large amount of
arithmetic operations, is big limitation for the clinical application for analysis of ECG.
Adaptive canceller based on first order phase adaptation system was proposed by A. Ziarani
and A. Konrad [9]. Method presents in this paper having simple and robust structure. This paper
represents structure and performance of the proposed nonlinear adaptive EMI filter and its
application in the elimination of power line interference in ECG signals. The structure of
nonlinear adaptive EMI filter consisting of only few arithmetic operations and it has a high
degree of immunity with respect to an external noise.
The drawbacks of adaptive canceller in [9] have been improved in [4]. It is achieved by replacing
the ﬁrst order phase adaptation system by a second order phase-locked loop (PLL) system. S.
Marten [4] compare their improved adaptive power line interference canceller (IAC) to the
canceller proposed by Ziarani [9] for the reduction of the fundamental power line interference
component in ECG recordings. The results show that the value of the adaptation constant
vector proposed by Ziarani for the canceller in [9] does not always lead to a successful
acquisition phase. In fact, the canceller design is such that the optimal adaptation constant
vector is dependent on d(k). Where d(k) is interference signal [4]. The adaptive canceller tracks
the amplitude, phase and frequency of the fundamental component and harmonics of the
power line interference [4]. The error filter that is implemented in the canceller can reduce the
gradient noise cause by the ECG signal and baseline wander [4]. For removing power line
interference from ECG signals based on EMD and adaptive filter was proposed in [10], [12]. The
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performance of the method was tested with actual ECG signals. EMD was developed as a nonparametric data-driven analysis tool for nonlinear and non-stationary signal processing. It
exhibits an ability to analyze signal with excellent time resolution. Most widely used adaptive
filtering algorithm is Least Mean Square (LMS) algorithm developed by Window and Hoff which
is simple and powerful. Results indicate that without affecting ECG signal spectrum power line
interference can be eliminated from ECG signal [10], [12].
A novel algorithm was proposed for power line interference (PLI) detection and suppression
also to pre-process real time electrocardiogram (ECG) signals based on recursive least square
(RLS) adaptive notch filter instead of LMS [11],[12].The proposed algorithm first compares the
energy at the harmonic frequency against the energy at neighboring frequencies of the ECG
power spectrum, and employs an optimal linear discriminant analysis (LDA) algorithm to
determine whether PLI interference exists in the ECG signal. If the presence of PLI is detected, it
then applies a recursive least square (RLS) adaptive notch filter to suppress the interference.
Extensive simulation results indicate that the algorithm consistently exhibits superior
performance in terms of less ECG distortion, faster convergence rate and numerical stability
[11], [12].
In [6] H. N. Bharath and K. M. M Prabhu proposed error filtering and adaptive blocking
methods. In this paper the performance of the windowed adaptive canceller (WAC) in
suppressing PLI is compared with the IIR notch ﬁlter, the normal adaptive power line canceller
(APC) and the improved adaptive canceller (IAC) proposed in [4]. By using error filtering and
adaptation blocking method the performance of modified adaptive canceller is improved [5].
The windowed adaptive canceller (WAC) proposed in this paper [5] gives the best performance
while dealing with randomly varying frequency deviations. When the frequency deviation is
constant, the performance of windowed adaptive canceller (WAC) is poorer, when compared to
the improved adaptive canceller (IAC). However, the proposed modified windowed adaptive
canceller (WMAC) performs better than the improved adaptive canceller (IAC). However, the
performance of improved adaptive canceller (IAC) without adaptation blocking is very poor
compared to the windowed adaptive canceller (WAC) or the modified windowed adaptive
canceller (MWAC) [5].


PROPOSED WORK

Our proposed work is focusing mainly on to improve the signal to noise ratio (SNR) and another
factor to be improved is correlation coefficient which gives us the similarity between filtered
and non-filtered signal. The processes involved in this study are as follows:
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1. To make the comparative analysis of different available methods of adaptive power line
interference removal from literature.
2. To choose the different significant parameters which can analyze the performance of the
algorithm.
3. To find a new method for removal of adaptive power line interference from biomedical
signal.
4. To write the algorithm for proposed method using software like Matlab.
5. To make an analysis for the performance of implemented algorithm based on the significant
parameters.
6. To compare performance of implemented algorithm with available method in the literature.
Algorithm
Define the of k,φS, φI
vS=exp(1j*(i1)*2*pi*d*sin(øS));
vI=exp(1j*(i-1)*2*pi*d*sin(øI));
I=rand(N.k) %interference signal
for n = 1:k)
x = S(n)*vS + I(n)*vI/kalman equations;
%y = w*x.';
y=w'*x; %output signal
e = conj(S(n)) - y; %error signal
w=w+mu*conj(e)*x; %weights update
end
End
Arrayfactor=w* e-j(k) πsinφ
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The equation for kalman filter is given by p(n+1)+qv/σ(n+1).Moreover, a pragmatic step size
(μ) is used for algorithm updating and determining both how quickly the adaptive filter adapts
to the filter solution. This algorithm uses a steepest decent method [4] and computes the
weight vector recursively using the equation.
Then the reconstructed signal’s signal-to-noise ratio (SNR), percentage mean square error
(%MSE) and error standard deviation (ESD) are calculated to measure the performance of
different adaptive filters.

Figure 2: Power Line Interference removal using adaptive filter


CONCLUSION

In this paper, the review of research work done by various authors is discussed. Also we
propose adaptive filter technique which is able to remove the power line interference from ECG
signal. The adaptive filters can adjust the filter coefficients according to the adaptive algorithm.
By adjusting the filter coefficient the power line interference from ECG signal is completely
removed. It should give the better SNR and Correlation coefficient nearer to 1.
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