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Abstract- The ECG signal, even rest ECG, is often corrupted
by artifacts produced by varies sources of either artificial or
biological nature. Main artificial artifacts are power line
interference, Impulse noise, Electrostatic potentials and noise of
electronic devices. The main biological artifacts are motion
artifacts and muscle artifacts (EMG signal) The present work
introduces the digital filtering method to cope with the noise
artifacts in the ECG signal. The ECG lead-11 signal is taken. The
butterworth IIR filter and FIR typel filters are applied on the
ECG signal. The basic bandwidth used for the ECG monitoring
is from 0 .5 Hz to 100 Hz.

Index Terms- ECG (Electrocardiogram), IR (Infinite impulse
response), FIR (finite impulse response

I. INTRODUCTION

he biomedical signal in the present work is the ECG signal

and the filtering technique suggested is Butterworth filter or
simply FIR Type-1 filter. This ECG gets corrupted due to
different kinds of the artifacts. The different types of artifacts are
Power line interference, motion artifacts, base line drift and
instrumental noise. Due to these types of the artifacts ECG gets
corrupted and correct information not transfers to the cardiac
specialist. The care must be taken to nullify the artifacts to avoid
wrong diagnosis. Certain type of the noise may be filter directly
by time domain filters using signal processing techniques or
digital filters. The advantage of the time domain filtering is that
the spectral characterization of the filter may not be required (at
least in the direct manner). Different researchers are working on
noise reduction in the ECG signal. Wu Y, Yang Y in his article
given new method for the ECG noise reduction by using 50
persons ECG based on Levkov method [22]. The Wang H, Dong
X has suggested filter method with in filtered QRS wave can be
exactly regarded as the mark identifying other physiological
Signal. [23]. The method for the removal of the power line
interference suggested by ferd Jallah M, Barr RE based on
iterative division or multiplication of a set of frequencies
centered at 60 Hz[17]. The Choy TT, Lenng PM has suggested in
his literature the real time microprocessor based notch filter for
ECG[9]. The Mc manus CD, Neubert KD has compared the
digital filtering methods[6,17]. The technique for suppressing
transient states of ECG the IIR notch filter is investigated by Pie
SC and T Seng CC [18]. The work on the ECG beat detection
using filter bank is carried out by the Tompkins W J and Luos
[1]. Other method like Signal averaging for line interface
reduction is also suggested by the scientists [11,13].

1.1. The ECG Leads

Two electrodes placed over different areas of the heart and
connected to the galvanometer will pick up the electrical currents
resulting from the potential difference between them. For
example, if under one electrode a wave of 1 mV and under the
second electrode a wave of 0.2 mV occur at the same time, then
the two electrodes will record the difference between them, Le. a
wave of 0.8 mV. The resulting tracing of voltage difference at
any two sites due to electrical activity of the heart is called a
"LEAD" (Figs1.1 (a) - (d).)

Bipolar Leads: In bipolar leads, ECG is recorded by using
two electrodes such that the final trace corresponds to the
difference of electrical potentials existing between them. They
are called standard leads and have been universally adopted.
They are sometimes also referred to as Einthoven leads (Figl.2

(a)).

In standard lead I, the electrodes are placed on the right
and the left arm (RA and LA). In lead Il, the electrodes are
placed on the right arm and the left leg and in lead Ill, they are
placed on the left arm and the left leg. In all lead connections, the
difference of potential measured between two electrodes is
always with reference to a third point on the body. This reference
point is conventionally taken as the "right leg"”. The records are,
therefore, made by using three electrodes at a time, the right leg
connection being always present.

In defining the bipolar leads, Einthoven postulated that at
any given instant of the cardiac cycle, the electrical axis of the
heart can be represented as a two dimensional vector. The ECG
measured from any of the three basic limb leads is a time-variant
single-dimensional component of die vector. He proposed that
the electric field of the heart could be represented
diagrammatically as a triangle, with the heart ideally located at
the centre. The triangle, known as the "Einthoven triangle", is
shown in the fig 1.3. The sides of the triangle represent the lines
along which the three projections of the ECG vector are
measured. It was shown diat the instantaneous voltage measured
from any one of the three limb lead positions is approximately
equal to the algebraic sum of the other two or thai the vector sum
of the projections on all three lines is equal to zero.

In all the bipolar lead positions. QRS of a normal heart is
such that the R wave is positive and is greatest in lead I1.
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Bipolar Limb Leads

Figl.1- Types of lead Connection with typical ECG
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Fig 1.2- Types of lead Connections with typical ECG
waveforms
(c) Position of chest lead in unipolar pericardial lead
recording (d) C Leads

Unipolar Leads (V Leads): The standard leads record the
difference in electrical potential between two points on the body
produced by the heart's action. Quite often, this voltage will
show smaller changes than either of the potentials and so better
sensitivity an be obtained if the potential of a single electrode is
recorded. Moreover, if the electrode is placed on the chest close
to the heart, higher potentials can be detected than normally
available at the limbs. This led to the development of unipolar
leads introduced by Wilson in 1894. In this arrangement, the
electrocardiogram is recorded between a single exploratory
electrode and the central terminal, which has a potential
corresponding to the centre of the body. In practice, the reference
electrode or central terminal is obtained by a combination of
several electrodes tied together at one point. Two types of
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unipolar leads are employed which are: (i) limb leads, and (ii)
pericardial leads.

(i) Limb leads In unipolar limb leads, two of the limb
leads are tied together and recorded with respect to the third
limb. In the lead identified as AVR, the right arm is recorded
with respect to a reference established by joining the left arm and
left leg electrodes. In the AVL lead, the left arm Is recorded with
respect to the common junction of the right arm and left leg. In
the AVF lead, the left leg is recorded with respect to the two
arm electrodes tied together. They are also called augmented
leads or 'averaging leads'. The resistances inserted between the
electrodes-machine connections are known as ‘'averaging
resistances'.

ECG
vischor

+ +
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Fig 1.3- The Einthoven triangle for defining ECG Leads

(ii) Precordial leads the second type of unipolar lead is a
pericardial lead. It employs an exploring electrode to record the
potential of the heart action on the chest at six different positions.
These leads are designated by the capital letter 'V followed by a
subscript numeral, which represents the position of the electrode
on the pericardium. The positions of the chest leads are shown in
Fig. 1.3.

1.2 Effects of Artifacts on ECC Recordings

Abnormal patterns of ECG may be due to pathological
states or on occasion they may be due to artifacts. To diagnose
the presence of undesirable artifacts on the ECG trace, a few
recordings are illustrated below:

Interference from the Power Line: Power line
interference is easily recognizable since the interfering voltage in
the ECG would have a frequency of 50Hz . This interference
may be due to the stray effect of the alternating current on the
patient or because of alternating current fields due to loops in the
patient cable. Other causes of interference are loose contacts on
the patient cable as well as dirty electrodes. When the machine or
the patient is not properly grounded, power line interference may
even completely obscure the ECG waveform.

The most common cause of 50 Hz interference is the
disconnected electrode resulting in a very strong disturbing
signal. It is often strong enough to damage the stylus of an
unprotected direct writing recorder, and therefore needs quick
action.

Sometimes static charges on the synthetic uniform of the
operator may result in a random noise on the trace. This noise is
very difficult to remove except in those machines which have

very high CMRR. The noise can be reduced by partially
shielding the patient by means of the bed springs. Connection of
the springs to the instrument case helps to compensate for a poor
CMRR (Spooner, 1977).
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Figl.4 (a) ECG Recording with regular spreading of the
curve with super imposed 50 Hz power line interference
signal
(b) Recording with irregular trembling of the ECG trace
without wandering of the base line but otherwise normal
ECG Trace
(c) ECG Trace without wandering of the base line

Electromagnetic interference from the power lines also
results in poor quality tracings. Electrical equipment such as air-
conditioners, elevators and X-ray units draw heavy power-line
current, which induce 50 Hz signals in the input circuits of ECG
machines. Due to unbalanced linkages, common mode rejection
circuits almost prove ineffective against them. A practical
solution to minimize this problem is physical separation between
the interference causing sources and the patient. Levkov el at
(1984) developed a method of digital 50 Hz interference
elimination by computing the interference amplitudes and
subtracting these data from the original signal, thereby greatly
reducing the requirements of amplifiers, shielding, earthing,
electrode quality and application procedures.

Electrical power systems also induce extremely rapid
pulses or spikes on the trace, as a result of switching action. Use
of a transient suppressor in the mains lead of the machines helps
to solve this problem.

Shifting of the Baseline: A wandering baseline but
otherwise normal ECG trace is usually due to the movement of
the patient or electrodes. The baseline shift can be eliminated by
ensuring that the patient lies relaxed and the electrodes are
properly attached. Baseline wander is usually observed
immediately after application of the electrodes. It is due to a
relatively slow establishment of electrochemical equilibrium at
the electrode-skin interface. This can be minimized by selecting
the proper electrode material, which will reach equilibrium
quickly with a good electrode jelly.

Muscle Tremor. Irregular trembling of the ECG trace,
without wandering of the baseline occurs when the patient is not
relaxed or is cold. It is generally found in the case of older
patients. Muscle tremor signals are especially bothersome on
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limb leads when a patient moves or the muscles are stretched.
Therefore, for long-term monitoring, the electrodes are applied
on the chest and not on the limbs. For normal routine ECG
recordings, the patient must be advised to get warm and to relax
so that muscle tremor from shivering or tension is eliminated.
The most critical component of the ECG recorder is the
patient cable. The conventional PVC insulation gets degraded
and becomes rigid and breakable because of the arification of the
softener. Some manufacturers supply a patient-cable made of
silicon-rubber, which provides better elasticity over long periods

Il. SIMULATION RESULT

Design of IIR filter (Butterworth):-

IIR filter have infinite duration impulse response, hence
they can be match to analog filter , all impulse of which
generally have infinitely long response .Therefore the basic
technique of IR filter design transforms well know analog filter
into digital filter using complex value mappingdesigned to have
linear phase ,no distortion.
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Design of FIR Type -1 filter:- LT :

FIR filter involves finding the coefficient h(n) that result in
frequency response that satisfies a given set of filter
specification. FIR filter have two important advantages over IIR
filte ,first they are generated to be stable, even after filter
coefficient have been quantized ,second they may be easily
constrained to have linear phase.
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I1l.  CONCLUSION

The present work introduces the digital filtering method to
cope with the noise artifacts in the ECG signal. The butterworth
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IR

filter and FIR typel filters are applied on the ECG

signal.From the result to see that both the filter reduces the low
and high frequency noise.lIt is seen that tip of the QRS complex
is distorted in case of Butterworth highpass filter of order two.
Where as in case of FIR type-1 QRS complex is less modified.

[1]
(2]

(3]
(4]
[5]
(6]

[7]

(8l
(]

[10]

[11]

[12]

[13]

REFERENCES

Afonso VX, Tompkins WJ, Nguyen TQ, Luo S. “ECG beat detection using
filter banks”, IEEE Trans Biomed Eng. 1999 Feb;46(2):192- 202.

Alarcon G, Guy CN, Binnie CD, “A simple algorithm for a digital three
pole Butterworth filter of arbitrary cut-off frequency: application to digital
electroencephalography”, J Neurosci Methods. 2000 Dec 15;104(1):35-44

A.V. Oppenheim and R.W. Schafer, Discrete-time signal processing,
Prentice Hall, Englewood Cliffs, NJ (1989).

Choy TT, Leung PM. “Real time microprocessor-based 50 Hz notch filter
for ECG”, J Biomed Eng. 1988 May;10(3):285-8.

Christov II, Daskalov IK, “Filtering of electromyogram artifacts from the
electrocardiogram,” Med. Eng. Phys. 1999Dec; 21(10):731-6.

Cramer E, McManus CD, Neubert D. “Estimation and removal of power
line interference in the electrocardiogram: a comparison of digital
approaches”, Comput Biomed Res. 1987 Feb;20(1):12-

Cramer E, McManus CD, Neubert D, “Estimation and removal of power
line interference in the electrocardiogram: a comparison of digital
approaches”, Comput Biomed Res. 1987 Feb; 20(1):12-28.

E.O. Brigham, The fast Fourier transform and its applications, Prentice
Hall, Englewood Cliffs, NJ (1988).

Ferdjallah M, Barr RE. “Frequencydomain digital filtering techniques for
the removal of powerline noise with application to the electrocardiogram”,
Comput Biomed Res. 1990 Oct; 23(5):473- 89.

G. Pagnacco, E. Oggero, D.R. Morr and N. Berme, Oversampling data
acquisition to improve resolution of digitized signals, Biomed Sci Instrum
34 (1997), p. 137

Gaydecki P, “A real time programmable digital filter for biomedical signal
enhancement incorporating a high-level design interface”,Physiol. Meas.
2000 Feb; 21(1):187-96.

Ider YZ, Saki MC, Geer HA. “Removal of power line interference in signal-
averaged electrocardiography systems”, IEEE Trans Biomed Eng. 1995
Jul;42(7):731-5 .

IEC 60601-2-51, Medical electrical equipment - Part 2-51: Particular
requirements for safety, including essential performance, of recording and
analyzing single channel and multichannel electrocardiographs, 2003

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]

I. P. Mitov ,“A method for reduction of power line interference in the
ECG”, Med Eng Phys. 2004 Dec;26(10):879-87

Mahesh S. Chavan, R.A. Agarwala, M.D. Uplane, “ digital Elliptic filter
application for noise reduction in ECG signal”, WSEAS transactions on
Electronics, January 2006, VVolume 3, Issue 1, pp 65-70.

Mahesh S. Chavan, R.A. Agarwala, M.D.Uplane,”Application of
Chebyshev 1I digital filter for noise reduction in ECG Signal”, WSEAS
transactions on Circuits and Systems, October 2005, Volume 4, Issue 10, pp
1260-1267.

Mabhesh S. Chavan, R.A. Agarwala, M.D. Uplane, , “ Real Time application
of Digital Chebyshev | Filter for removal of interference in the
Electrocardiogram  Signal”, WSEAS transactions on Biology and
Biomedicine, July 2005, Volume 2, Issue 3, pp 280-289.

McManus CD, Neubert KD, Cramer E., “Characterization and elimination
of AC noise in electrocardiograms: a comparison of digital filtering
methods”, Comput Biomed Res. 1993 Feb;26(1):48-67.

Pei SC, Tseng CC. “Elimination of AC interference in electrocardiogram
using IR notch filter with transient suppression”, IEEE Trans Biomed Eng.
1995 Nov;42(11):1128-32

Sornmo L, “Time-varying digital filtering of ECG baseline wander”, Med
Biol. Eng Comput. 1993 Sep; 31(5):503-8.

Van Alste JA, van Eck W, Herrmann OE, “ECG baseline wander reduction
using linear phase filters”, Compute. Biomed Res. 1986 Oct; 19(5):417-27.

Wu Y, Yang Y, “A new digital filter method for eliminating 50Hz
interference from the ECG”, Zhongguo Yi Liao Qi Xie Za Zhi. 1999
May;23(3):145-8.

Wang H, Dong X, Qi J. “A digital filter method for the elimination of 50 Hz
interference from the ECG”, Zhongguo Yi Liao Qi Xie Za zhi. 1997
Nov;21(6):327-8, 336 http://www.scribd.com/doc/6958443/HEART -
BEAT-COUNTER

AUTHORS

First Author — Neeraj kumar, Department of Electrical
Engineering, BIT Sindri, Email:kumarneeraj.mit@gmail.com
Second Author — Imteyaz Ahmad, Asst.Prof. Department of
ECE, BIT Sindri, Email:imtiazahmadbitsindri@gmail.com
Third Author — Pankaj Rai, Prof. Pankaj Rai Department of
Electrical Engineering, BIT Sindri, Email:
pr_bit2001@yahoo.com

Www.ijsrp.org



