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Abstract: Wavelet  transform  is  capable  of providing the time and frequency information simultaneously,
hence giving a time-frequency representation of the signal. The wavelet transform is a transform of provides
the time-frequency representation. There are other transforms which give this information too, such as Short
Time Fourier Transform, Wigner distributions, etc. Often times a particular spectral component occurring at any
instant can be of particular interest. In these cases it may be very beneficial to know the time intervals these
particular spectral components occur. For example, in ECGs, the latency of an event-related potential is of
particular interest. In this paper a brief literature on various wavelet transforms and its impact has been studied
and analysed for various ECG signals.
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INTRODUCTION both reduce the hardware circuits and get the better ECG

At present, cardiovascular disease has become a filtering and 0.05 ~ 100Hz band-pass filtering of the double
threat to human life and health of the major diseases and filtering. An electrocardiogram (ECG) is a test that checks
morbidity increases year by year [1]. The prevalence rate for  problems  with  the  electrical  activity of your heart.
of cardiovascular disease, morbidity and mortality also An ECG translates the heart's electrical activity into line
showed an upward trend continued, the death toll of tracings on paper. The spikes and dips in the line tracings
about 40% of the number of deaths, therefore, focused on are called waves [3, 4]. The heart is a muscular pump made
the prediction of cardiovascular disease diagnosis and up of four chambers. The two upper chambers are called
prevention is an important significance. With the atria and  the  two  lower  chambers are called ventricles.
development  of  digital  signal processing technology, A natural electrical system causes the heart muscle to
FIR filters are realized by single-chip, DSP, programmable contract and pump blood through the heart to the lungs
logic devices. Compared to the FPGA, single-chip is not and the rest of the body.
flexible enough and the DSP can be flexible, although The  earlier  method  of  ECG signal analysis was
more slowly, so using FPGA realizing FIR digital filter has based on time domain method. But this is not always
the characteristic of the real-time, high flexibility, faster sufficient to study all the features of ECG signals. So, the
processing speed and small volume production of low frequency representation of a signal is required. To
cost [2]. Although, the digital filter signal processing in accomplish  this,  FFT  (Fast  Fourier  Transform)
dealing with ECG occupy a larger location, the use of technique  is  applied. But the unavoidable limitation of
neural networks can achieve a good filtering effect, but this FFT is that the technique failed to provide the
need for a reference input, ECG signals cannot be updated information regarding the exact location of frequency
at the same time and in the hardware it is difficult to components  in  time.  As the frequency content of the
achieve; in the MCU and DSP as the main controller, its ECG Signal Analysis Using Wavelet Transforms ECG
filtering is completed in the hardware, which is a portable varies  in  time,  the  need  for   an   accurate  description
ECG monitoring has increased the burden of hardware of  the  ECG frequency contents according to their
circuits; the former FPGA limited by internal resources, location in time is essential. This justifies the use of time
can only be limited to filter the 50HZ frequency frequency representation in quantitative electro
interference. In view of this, the portable ECG monitor cardiology [5].

signal, this paper proposes the use of both 50HZ in FPGA
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To overcome the draw backs of FFT, the immediate (2)
tool available for this purpose is the Short Term Fourier
Transform (STFT). But the major draw-back of this STFT
is  that  its  time  frequency  precision  is not optimal.
Hence we opt a more suitable technique to overcome this
drawback. Among the various time frequency
transformations the wavelet transformation is found to be
simple and more valuable. The wavelet transformation is
based on a set of analyzing wavelets allowing the
decomposition  of  ECG  signal in a set of coefficients.
Each analyzing wavelet has its own time duration, time
location and frequency band. The wavelet coefficient
resulting from the wavelet transformation corresponds to
a measurement of the ECG components in this time
segment and frequency band.

Amplitude P-wave — 0.25 mV
R-wave — 1.60 mV
Q-wave — 25% R wave
T-wave — 0.1 to 0.5 mV

Duration:
P-R interval: 0.12 to 0.20 s
Q-T interval: 0.35 to 0.44 s
S-T interval: 0.05 to 0.15 s
P-wave interval: 0.11 s
QRS interval: 0.09 s

The  normal  value  of  heart beat lies in the range of
60 to 100 beats/minute. A slower rate than this is called
bradycardia (Slow heart) and a higher rate is called
tachycardia (Fast heart). If the cycles are not evenly
spaced, an arrhythmia may be indicated. If the P-R interval
is greater than 0.2 seconds, it may suggest blockage of
the AV node.

Wavelets:  The  wavelet  transform  is  a convolution of
the wavelet function  (t) with the signal x (t).
Orthonormal dyadic discrete wavelets are associated with
scaling functions (t). The scaling function can be
convolved  with  the  signal  to  produce  approximation
co-efficients S. The discrete wavelet transform (DWT) can
be written as;

(1)

The approximation coefficient of the signal at the
scale m and location n can be written as;

Daubechies constructed the first wavelet family of
scale functions that are orthogonal and have finite
vanishing moments, i.e., compact support. This property
insures that the number of non-zero coefficients in the
associated filter is finite. This is very useful for local
analysis. The Haar wavelet is the simplest wavelet
transform. It is also the only symmetric wavelet in the
Daubechies family and the only one that has an explicit
expression in discrete form. Haar wavelets are related to a
mathematical operation called Haar transform, which
serves as a prototype for all other wavelet transforms [6].
Like all wavelet trans-forms, the Haar transform
decomposes a discrete signal into two sub signals of half
its length. One sub signal is a running average or trend,
the other sub signal is a running difference or fluctuation
[7]. The Haar wavelet transform has the advantages of
being conceptually simple, fast and memory efficient,
since it can be calculated in place without a temporary
array. Furthermore, it is exactly reversible without the
edge effects that are a problem of other wavelet
transforms. On the other hand, the Haar transform has its
limitations because of its discontinuity, which can be a
problem for some applications, like compression and noise
removal of audio signal processing.

It is well known that bases that span a space do not
have to be orthogonal. In order to gain greater flexibility
in the construction of wavelet bases, the orthogonality
condition is relaxed allowing semi-orthogonal,
biorthogonal or non-orthogonal wavelet bases [8].
Biorthogonal Wavelets are families of compactly
supported symmetric wavelets. The symmetry of the filter
coefficients is often desirable since it results in linear
phase of the transfer function [9, 10]. In the biorthogonal
case, rather than having one scaling and wavelet function,
there are two scaling functions that may generate different
multiresolution analysis and accordingly two different
wavelet functions. 

The dual scaling and wavelet functions have the
following properties:

They are zero outside of a segment. 
The calculation algorithms are maintained and thus
very simple. 
The associated filters are symmetrical. 
The functions used in the calculations are easier to
build numerically than those used in the Daubechies
wavelets [5].
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RESULTS AND DISCUSSIONS

Abnormal ECG:
Parameters
Wavelet Type RMS PSNR Skewness Kurtosis
Haar 7.1054e-015 778.9906 3.9582 18.6832
Daubechies 7.0457e-015 779.2377 3.96 18.78
Biorthogonal 6.9874e-015 783.3489 3.9786 19.23
Symlet 6.789e-015 785.0098 3.9912 19.2377
Coiflet 6.79e-015 786.1239 4.0023 19.3450

Normal ECG:
Parameters
Wavelet Type RMS PSNR Skewness Kurtosis
Haar 7.1054e-015 784.1720 5.0234 30.1801
Daubechies 7.0457e-015 785.997 5.1123 31.117
Biorthogonal 6.9874e-015 788.9123 5.1765 32.56
Symlet 6.789e-015 790.543 5.2239 33.3
Coiflet 6.79e-015 791.1176 5.9763 35
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CONCLUSION 3. Kaiser, G., 1994. A Friendly Guide to Wavelets,

Performance analysis of different ECG signal with 4. Vetterli, M. and C. Herley, 1992. Wavelets and Filter
different types of wavelets have been carried out and the Banks: Theory and Design, IEEE Transactions on
results shows that coiflet and symlet wavelets have better Signal Processing, 40: 2207-2232. 
performance on ECG signals than haar and daubechies. In 5. Daubechies, I., 1988. Orthonormal Bases of
future a new wavelet can be designed to increase the Compactly Supported Wavelets, Comm. Pure Appl.
performance and SNR. Math., 41: 906-966. 
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