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ABSTRACT

Two stage LMS adaptive filter is designed for the purpose of
ECG noise cancellation. The output of first LMS filter is
given as input for second LMS. Error signal of first LMS filter
is given as desired signal for second LMS filter. Signal to
noise ratio of single LMS filter is compared with cascaded
LMS adaptive filter and it is analyzed that noise elimination
is more in cascaded LMS adaptive filter. The SNR value for
8-tap LMS filter using cascaded technique is 21.52% higher
than thenormal  8-tap LMS filter structure. The SNR value
for 16-tap LMS filter using cascaded technique is 24.84%
higher than the normal 16-tap LMS filter structure.

Key words: Adaptive filter, Cascaded LMS,
Signal-to-noise-ratio, ECG.

1. INTRODUCTION

Adaptive filter is a self-modifying filter its frequency response
to change its behavior in time. For minimizing error it is
used. The error function is distance between the reference or
desired signal and the output of the adaptive filter. Mean
squared error between primary input (and the reference input
is reduced by the adaptive filter .LMS is based on gradient
descent algorithm in which instantaneous error signal is used
to update the filter coefficients. For removing or suppressing
noise from signal this technique is used.

Adaptive
X(n) =——p p =X+ ¢
w Filter 00

| Adaptive

Algorithm e(n)

Figure 1: LMS Adaptive filter

Figure 1 shows the structure of LMS adaptive filter.
Responses of noise cancellation in terms of signal-to-noise
ratio with respect to filter lengths are determined. The

algorithm for the first LMS filter is described as desired signal
of an adaptive filter is d(n), error signal of an adaptive filter is
e(n), output of an adaptive filter is y(n),step size of an
adaptive filter is , filter weight vector of an adaptive filter is
w(n), input signal vector x(n) and filter length is Primary
input and reference input are the two input sources . The
primary input source receives the desired signal (signal with
noise) will include source signal. Signal got corrupted. y(n)
generated the reference input signal which generated same
source. This output produce e(n) error signal equivalent to
noise source.

2. RELATED WORKS

Systolic and folded architectures are combined in different
adaptive filters like RLS, Kalman and Affine Projection
filters [1]. A New approach for noise cancellation in speech
signal using affine projection algorithm for attenuating noise
in speech signals [2]. Adaptive Filter algorithms based on
Adaptive Noise Cancellation (ANC) systems is provided in
order to reduce computational complexity for future
implementation and to increase the convergence rate [3]. Two
stage LMS noise cancellation technique is used for improving
signal to noise ratio [4]. Adaptive RLS filter is used for
denoising speech signals [5]. A system that can perform the
WBCs, RBCs and platelets count from the blood sample taken
by caretakers is developed [7]. Presented Implementation of
Least Mean Square (LMS) algorithm using two different
architectures. Results shows floating point implementation to
perform well than other methods [8].

3. METHODOLOGY

In adaptive filtering, the Least mean square adaptive filter is
used many applications. Various techniques are available for
cascading adaptive filters. The proposed method is the
Adaptive noise cancellation by means of Cascaded LMS
Adaptive filter method. Cascaded adaptive LMS filter
combination performs better noise cancellation when
compared to single adaptive filter. There are many adaptive
algorithms like RLS, Weiner filter, Kalman filter, but the
commonly used is the LMS algorithm. Cascaded LMS
adaptive filter has improved Signal-to-noise when compared
to single LMS adaptive filter. There is a reduction in noise
level in the signal when cascaded feedback adaptive LMS
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filter is used. The block diagram of cascaded Least Mean
Square adaptive filter is shown in figure 2.
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Figure 2: Cascaded LMS Adaptive Filter

Figure 2 shows the structure of cascaded LMS adaptive filter.
The desired input for first LMS adaptive filter is ECG signal
and the input signal is The parameters used for simulation of
second LMS filter are dC(n) the cascaded desired signal, the
cascaded LMS error signal is eC(n) , the cascaded output of
LMS adaptive filter is yC(n), the step size of cascaded LMS
adaptive filter is pc is, the filter weight vector of cascaded
LMS adaptive filter is WC(n) is, XC(n) is the cascaded input
signal vector and L is the cascaded LMS filter length. The
signal-to-noise ratio of second stage adaptive filter is higher
than the first stage signal-to-noise ratio of adaptive filter.

4. RESULTS

The filters were designed with 4-tap, 8-tap, 16-tap and 32tap
length and the Signal-to-Noise Ratio (SNR) was calculated
for all the tap length.

(1

Figure 3: 4 Tap Cascaded LMS adaptive filter

Figure 3 shows the design of four tap cascaded LMS adaptive
filter structure in System Generator. The contaminated ECG
signal is the input to the filter and PLI noise is the reference
input signal to the filter.

Figure 4: Simulation output of 4 - tap LMS cascaded adaptive
filter structure in system generator

Figure 4 shows the denoised signal is obtained, after passing
the ECG signal added with PLI noise to the four tap cascaded
LMS filter. Subtract the filtered output from desired input in
order to get original ECG signal.

Figure 5: 8 — tap cascaded LMS adaptive filter structure in system
generator
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Figure 5 Shows the design of eight tap cascaded LMS Figure 7 Shows the design of 16 tap cascaded LMS adaptive
adaptive filter structure I system generator. The contaminated filter structure in System Generator. The contaminated ECG
ECG signal is the input to the filter and PLI noise is the signal is the input to the filter and PLI noise is the reference

reference input signal to the filter input signal to the filter.
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Figure 6: Simulation output of 8 - tap cascaded LMS adaptive ( ‘
filter structure in system generator ‘ L L ‘
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In Figure 6, the denoised signal is obtained, after passing the
ECG signal added with PLI noise to the eight tap cascaded _ : L - | L
LMS filter L?s'”g high level trar_]Sfor_matloh techniques Figure 8: Simulation output of 16 - tap cascaded LMS adaptive
.Subtract the filtered output from desired input in order to get fillter structure in system generator

original ECG signal.

e NP I W T S ey In Figure 8, The denoised signal is obtained, after passing the
U T T 0 T O T e = ECG signal added with PLI noise to the 16 tap cascaded LMS

T N EITHTT ‘ filter. Subtract the filtered output from desired input in order
to get original ECG signal.

@y g ETaTE T [ile Table 1 shows comparison of signal to noise ratio of ECG
TN signals with PLI noise for 4-tap LMS, 8-tap LMS and 16-tap
LMS adaptive filters with and without using cascaded
techniques. From the table it is found that the SNR value for
4-tap LMS filter using cascaded technique is 24.54% higher
than the normal 4-tap LMS filter structure. The SNR value for
] I e I 8-tap LMS filter using cascaded technique is 21.52% higher
B Q| H (6780 (B8 QW (H 8| LG than the normal ~ 8-tap LMS filter structure. The SNR value
il el for 16-tap LMS filter using cascaded technique is 24.84%

g T g, g ni higher than the normal 16-tap LMS filter structure.

Figure 7: 16 —tap cascaded LMS adaptive filter structure in system
generator
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Table 1: Comparison of SNR for LMS and Cascaded LMS Adaptive Filters

Length of the filter -4 | Length of the filter -8 | Length of the filter -16

Input LMS Cascaded LMS Cascaded LMS Cascaded
ECG LMS LMS LMS
Signal

100.dat 30.99 34.15 37.77 40.08 37.16 51.06
101.dat 31.83 39.59 30.24 48.67 37.36 41.56
105.dat 29.34 32.49 31.2 34.1 35.79 40.71
108.dat 28.96 34.48 28.28 30.79 34.05 43.34
200.dat 24.93 31.64 271.77 33.51 27.79 33.69
203.dat 21.07 35.2 24.68 31.28 26.91 33.41
208.dat 304 34.71 29.94 41.24 24.3 30.19
228.dat 30.79 42.08 38.58 42.25 37.36 50.13

5. CONCLUSION

This paper presented the design of Cascaded RLS adaptive
filter for denoising ECG signal. Xilinx System generator is
used for designing structures. The SNR value for 8-tap LMS
filter using cascaded technique is 21.52% higher than the
normal 8-tap LMS filter structure. The SNR value for
16-tap LMS filter using cascaded technique is 24.84% higher
than the normal 16-tap LMS filter structure. From the
analysis cascaded structure performs better noise
cancellation.
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