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Abstract - ECG is the basic signal in analysis of many cardiac diseases hence a reliable ECG signal is a must in 

diagnosis, but mostly ECG signals become noisy due to path deformities and external electrical disturbance. These 

noises include baseline wandering, electrode motion artefact, power line interference, muscle artefact etc., To enhance 

the ECG signal by removing these artifacts there are different techniques like WT, non- adaptive filtering using kalman 

filters, wiener filters etc., Among these methods  Adaptive filtering is better in performance  and complexity. Two stage 

LMS, IPNLMS are used to reduce these artifacts. For this processing   ECG signals are taken from MIT-BIH 

arrhythmia database. And the performance is measured in terms of parameters like SNR, MSE, and Distortion. 
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I. INTRODUCTION 

Electrocardiogram is generated from heart and travels 

through body tissues and recorded using electrodes 

attached to the subject. As shown in the fig.1, an ECG 

signal is composed of P wave, QRS complexes and T 

wave and accurate detection of them is crucial in analyzing 

the ECG signal 

 

 

.   Fig:1 Typical ECG signal  

But in most situations ECG signal is corrupted with 

interference. Here interference include PLI –Power Line 

Interference, Base-line wandering, Electrode motion 

artifact, Respiration Artifact. Sometimes specialist may be 

far away from the subject i.e. patient, in such cases the 

ECG signal will be transmitted through a Biotelemetry 

system. Here is a chance of channel noise. Instrumentation 

noise may be added to the original ECG signal due to the 

measuring instruments in the laboratory. In these noises 

PLI noise is high frequency noise and other noises are low 

frequency noises removal of low frequency noises like 

BW is a big task. 

Empirical mode Decomposition is used for the removal of 

PLI and Baseline Wander but this procedure involves 

more computational complexity .Wavelet Transformation 

is also used but interpretation of results is difficult in this 

method. Adaptive filtering gives a solution to overcome 

these difficulties. 

II. ADAPTIVE  FILTERING 

The main characteristic of an adaptive filter is it self-

adjusts  its transfer function according to an algorithm 

driven by an error signal. this self- adjustment is known as 

weight vector updation. Basic adaptive filter is shown in 

fig:2 

 

Fig:2 Basic Adaptive filter 

logic of  the filter is given by the equation 

 ( )  ∑   ( )

   

   

 (   )    ( ) ( ) 

where x(n) is the input of the system and is given by 

 ( )  , ( )  (   )     (     )-  

w(n) is the weight vector 

 ( )  ,  ( )   ( )         ( )-
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d(n) is the desired response 

the difference between the reference signal and the 

autualoutput of the transverse filter is the error signal 

    ( )   ( )    ( ) ( ) 

Algorithms are developed to suppress the error signal. 

LMS and IPNLMS algorithms are discussed in this paper. 

Adaptive filters are widely used for their ability to perform 

in unknown environment. 

2.1 LMS ALGORITHM 

LMS algorithm is a type of adaptive filter which is used to 

mimic a desired filter by finding the filter coefficients that 

corresponds to the lest mean squares of the desired signal. 

weight vector updation is done as follows 

 (   )   ( )     ( ) ( ) 

Here   is the step size or convergence factor that 

determines the stability and convergence rate of the 

algorithm.Closer analysis reveals that the upper bound for 

  for stable behaviour of the LMS algorithm depends on 

the largest eigenvalue of tap input auto-correlation matrix 

R and thus the input signal.For stable adptation behaviour 

the step-size has to be   
 

    
. LMS algorithm is popular 

for its simplicity and robustness. But when the iterations 

are more LMS did not reduce the steady state error 

because of its fixed step size. The main drawback of  LMS 

algorithm are steepest descent properties are no longer 

guaranteed and the instantaneous estimates allow traching 

without redesign. 

2.2 IPNLMS ALGORITHM 

Improved Proportionate Normalized LMS algorithm is 

developed to overcome the disadvantages of previous 

LMS, NLMS and PNLMS algorithms. IPNLMS algorithm 

extends the NLMS algorithm by using different step sizes 

for different coefficients. In IPNLMS algorithm individual 

step size is computed based on the magnitude of each co-

efficient with a relevant significance of these co efficient 

controlled by  . . This phenomenon makes the ECG signal 

converges fast compared to the other algorithms. The 

update equation is expressed as   

 ̂(   )   ̂( )  
  ( ) ( ) ( )

  ( ) ( ) ( )         
 

Where  ( )      *  ( )   ( )        ( )+ is a 

diagonal matrix used to adjust the step size of IPNLMS 

algorithm where 

  ( )  
   

  
 (   )

| ̂ ( )|

 ‖ ̂( )‖   
 

Where         

        
   

  
       

Where        is the step size given by 

           and       is a positive constant used to 

prevent division by 0 

  is a positive constant and value of   is        

From these equations we can observe that by taking    

minimum i.e. -1 this algorithm is identical to NLMS 

algorithm and for maximum i.e. 1 this is identical to 

PNLMS algorithm. In practical applications and 

implementations suitable value for   is 0 or -0.5. 

III. PROPOSED METHOD 

A two stage adaptation method is proposed and the 

structure is given in the fig: in this method output of the 

first stage filtering is given as the input to the second 

stage. Here pure ECG signal is added with different noises 

in this particular paper PLI and Muscle Artifact. This 

corrupted ECG signal is given as input to the Adaptive 

Filter and the noise is given as the reference signal.  

 

Fig:3 Two stage Adaptive filter 

IV. SIMULATION RESULTS 

To show that IPNLMS algorithms is effective for 

reduction of noise in ECG signal different ECG recordings 

from MIT-BIH arrhythmia database are taken and out of 

these Recordings, parameters are tabularised for 

101,102,103,104. In this paper we considered two different 

noises PLI and MA. PLI noise is a cosine signal that we 

generate. 

 Real noise Muscle Artifact is obtained from MIT-BIH 

Normal Sinus Rhythm Database (NSTDB). 

 

  Fig:4(a) Pure ECG signal 
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  Fig:4(b) Reference signal i.e. noise 

signal  

  Fig:4(c) corrupted ECG signal  

 

 Fig:5(a) ECG signal after denoising with 

LMS1 

 Fig:5(b) ECG signal after denoising with 

LMS2 

 Fig:5(c) ECG signal after denoising with 

IPNLMS1 

 Fig:5(d) ECG signal after denoising with 

IPNLMS2 

PARAMETERS OF DENOISING OF ECG SIGNAL 

WITH PLI NOISE 

 Mean Square Error Values 

Rec.No. LMS1 LMS1 IPNLMS1 IPNLMS2 

Rec 101 0.0523 0.0509 0.036 0.0299 

Rec 102 0.1005 0.0852 0.0852 0.0729 

Rec 103 0.0828 0.0814 0.0663 0.0601 

Rec 104 0.1048 0.1036 0.0883 0.0821 

Avg.Val 0.0851 0.0802 0.0689 0.0612 

 

Distortion Values 

Rec.No. LMS1 LMS1 
IPNLMS 

1 
IPNLMS2 

Rec 101 -12.9302 -12.9302 -14.4417 -15.2457 

Rec 102 -9.9804 -9.9804 -10.6848 -10.9924 

Rec 103 -10.8956 -10.8956 -11.7822 -12.2096 

Rec 104 -9.8476 -9.8476 -10.5403 -10.8546 

Avg.Val 
-10.9135 

 

-10.9135 

 

-11.8623 

 

-12.3256 

 

 

Signal to Noise Ratio Values 

Rec.No

. 

SNRB

F 

LMS

1 

LMS

2 

IPNLMS

1 

IPNLMS

2 

Rec 

101 
2.1493 

4.393

9 

4.393

9 
7.9716 11.2909 

Rec 

102 
2.1493 

4.393

9 

4.393

9 
7.9716 11.2909 

Rec 

103 
0.8377 

3.121

8 

3.121

8 
6.7067 9.9601 

Rec 

104 
2.3132 4.578 4.578 8.1021 11.3717 

Avg.V

al 

1.8623 

 

4.121

9 

 

4.121

9 

 

7.688 

 

10.9784 

 

 

PARAMETERS OF DENOISING OF ECG SIGNAL 

WITH MUSCLE ARTIFACT NOISE 

Mean Square Error Values 

Rec.No. LMS1 LMS2 IPNLMS1 IPNLMS2 

Rec 101 0.1651 0.1638 0.1488 0.1427 

Rec 102 0.1017 0.1005 0.0854 0.0796 

Rec 103 0.1801 0.1788 0.1636 0.1574 

Rec 104 0.1048 0.1036 0.0883 0.0821 

Avg.Val 0.1379 0.1366 0.1215 0.1154 

 

Distortion Values 

Rec.No. LMS1 LMS2 IPNLMS1 IPNLMS2 

Rec 101 -7.857 -7.857 -8.2746 -8.4565 

Rec 102 -9.9804 -9.9804 -10.6848 -10.9924 

Rec 103 -7.477 -7.477 -7.8625 -8.0309 

Rec 104 -9.8476 -9.8476 -10.5403 -10.8546 

Avg.Val -8.7905 -8.7905 -9.34055 -9.5836 

 

Signal to Noise Ratio Values 

Rec.No

. 
BF 

LMS

1 

LMS

2 

IPNLMS

1 

IPNLMS

2 

Rec 

101 

4.835

5 

7.099

5 

7.099

5 
10.6918 13.977 

Rec 

102 

2.149

3 

4.393

9 

4.393

9 
7.9716 11.2909 
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Rec 

103 

5.278

7 

7.557

2 

7.557

2 
11.1494 14.4032 

Rec 

104 

2.313

2 
4.578 4.578 8.1021 11.3717 

Avg.V

al 

3.644

1 

5.907

1 

5.907

1 
9.4787 12.7607 

 

V. CONCLUSION  

The main aim of this paper is to suppress the noise signal 

in ECG signal. For this purpose we considered two 

Artifacts PLI and Muscle Artifact. LMS and IPNLMS 

algorithms both first stage and second stage are 

implemented to reduce these artifacts. By observing 

simulation graphs and parameters Mean Square Error, 

Distortion and Signal to Noise Ratio, it is understand that 

IPNLMS algorithm gives better results compared to other 

algorithms.  
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