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Abstract:

Heart is one of the vital organs of human being. Cardiac activities of heart are
also significant and very well known of medical sector. ECG (Electrocardiogram)
contains very important clinical information about the cardiac activities of
heart. The features of ECG signal may be extracted using FFT (Fast Fourier
Transform) and Wavelet, especially for emergency medical situation. But it is
difficult to extract the changes of small variation of ECG signal with time-varying
morphological characteristics. So, it is needed to be extracted by signal
processing method because there are not visible of graphical ECG signal. In this
paper, an improved wavelet method has been proposed to extract the precise
detection of small abnormalities of both simulated normal and noise corrupted
ECG signal by writing MATLAB program. The proposed wavelet method found
to be more summarized over conventional FFT and Wavelet in finding the small
abnormalities of ECG signal.

Keywords: ECG, wavelet, FFT, Holter, cardiac, abnormality, feature
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Introduction:

ECG is an important diagnosis event for emergency cardiac patient. It is
observed that patients’ do not get proper treatment due to the deficient of
proper cardiac detection. In time domain morphological characteristic of quasi-
stationary ECG signals contain very small abnormalities that would hamper the
patient’s health. The signal frequencies are distributed (1) low frequency - P
and T waves, (2) mid to high frequency-QRS complex [1, 2, 3]. Sudden pain or
other organs of the body may cause the creation of sinusoids that may hamper
the normal ECG pattern which is may be resulted small abnormalities. Generally
it is not easy to detect these abnormalities in vision. In this regard, it is needed
to extract some special features of ECG that may take an important role to find
out the changes. A Holter monitor is an ECG recording done over a period of 24
or more hours. An automatic algorithm and software is needed to analyze this
huge amount of 24 hours Holter ECG signals. Fourier transform is very well
known technique which transforms time domain signal to frequency domain to
get the frequency coefficients. But these coefficients do not carry time
information. Short time Fourier transforms called windowing may be used to
overcome this problem which has both time and frequency information. But
the problem is the size of the window which is limited to all over the frequency.
So, still there is a significant chance of ignoring a large amount of coefficient.
The statistical properties of ECG wave are generally changed over time tending
to be quasi-stationary. Recently wavelets have been used in a large number of
biomedical applications. The wavelet packet method is a generalization of
wavelet decomposition that offers a rich range of possibilities for signal
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analysis. Wavelet contains both time and scaled version. In order to extract the small changing coefficients
which may understandable for paramedics, wavelet has found to be more précised. The multi-resolution
framework makes wavelets into a very powerful compression [4] and filter tool [5], and the time and
frequency localization of wavelets makes it into a powerful tool for feature extraction [6]. There are some
works on precise detection of ECG using FFT and wavelet [7-17]. Karel et al. proposed the performance criteria
to measure the quality of a wavelet, based on the principle of maximization of variance [8]. Mahmoodabadi et
al. developed and evaluated an electrocardiogram (ECG) feature extraction system based on the multi-
resolution wavelet transform [9]. David et al. presented a method to reduce the baseline wandering of an
electrocardiogram signal [10]. Shantha et al. discussed the design of good wavelet for cardiac signal from the
perspective of orthogonal filter banks [12]. Nikolaev and Gotchev proposed a two-stage algorithm for
electrocardiographic signal denoising with Wiener filtering in the translation-invariant wavelet domain [13].
Most of the works focused on the large size abnormalities with respect to extreme noisy channel using
conventional FFT and wavelet method. Most of the clinically useful information in the ECG is found in the
intervals and amplitudes defined by its features (characteristic wave peaks, frequency components, and time
duration). In this paper, FFT and wavelet methods are developed for the extraction of small variations of the
ECG signal. The proposed Wavelet method of signal processing is found to be superior to the conventional FFT
and wavelet method in finding the small abnormalities in ECG signals.

Backgrounds

ECG signals both standard and noise corrupted have been generated using Matlab. These signals are analyzed
by the wavelet method (Matlab wavelet Tool). Continuous wavelet transform (CWT) is defined as the sum over
all time of the signal multiplied by scaled, shifted versions of the wavelet function .

C(scale, position) = j f (t)w(scale, position, t)dt

The results of the CWT are many wavelet coefficients C, which are a function of scale and position. Multiplying
each coefficient by the appropriately scaled and shifted wavelet yields the constituent wavelets of the original

signal.

For many signals, the low-frequency content is the most important part. It is what gives the signal its identity.
The high-frequency content, on the other hand, imparts flavor or nuance. To gain a better appreciation of this
process, it is performed a one-stage discrete wavelet transform of a signal. The decomposition process can be
iterated, with successive approximations being decomposed in turn, so that one signal is broken down into
many lower resolution components. This is called the wavelet decomposition tree.
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Figl. Wavelet Decomposition Tree

The wavelet packet method is a generalization of wavelet decomposition that offers a richer range of
possibilities for signal analysis. In wavelet analysis, a signal is split into an approximation and a detail. The
approximation is then itself split into a second-level approximation and detail, and the process is repeated. The
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Wavelet packet decomposition tree has been shown in Figure-1.

Results and Discussions

The simulated normal ECG signals as well as the simulated noise corrupted signal have been implemented
using FFT and wavelet for proper feature extraction. Sudden pain or other organs of the body may cause the
creation of sinusoids that may hamper the normal ECG pattern which is may be resulted small abnormalities
with very low frequency with approximately 0.5/1 Hz of the cardiac activities of heart. The algorithm has been
given of the program with different parameters in below. The following algorithm has been used to evaluate
the simulations output which are given step by step.

Algorithm:

Begin

//initialization

//parameters setting for ideal ECG signal

Set amplitude of ECG signal (a) = [3.5];

Set length of ECG signal (L) = [2700];

Set filter for smoothed ECG signal (y1) = [Savitzky-Golay FIR filter];
Set value of noise (n) = [1:30000];

Set value of time (t) = [0.00025:0.00025:7.5];

// parameters setting for power spectral density for Ideal ECG signal
Set fft point (fp) = [512];

Set frequency = [1000*(0:256)/512];

// parameters for noise adding in ECG signal

Set noise amplitude (na) = [0.1]

// parameters for noise corrupted ECG signal

Set filter type= [FIR1];

Set FIR1 order (or) = [31];

Set FIR1 normalized cutoff frequency (ct) = [.5];

// parameters for power spectral density for noisy signal

Set continuous wavelet transform scales (sc) = [1:64];

Set continuous wavelet wname (wn) = [sym4];

Set continuous wavelet coloration (col) = [abslvl];

//processing

Generating random value (del) = [round (L*rand (1))];

Discrete Fourier transform of ideal ECG signal (D) = [fft (d, fp)];
Complex Conjugate of D1=conj (D);

FIR filter design (nfilt) = [firl (or, ct)];

noise=[na*sin (pi*t)];

FIR filter with noise = [filter (nfilt, 1, noise)];

//output

Ideal ECG signal (signal) =y1 (n+del);

Magnitude of power spectral density for Ideal ECG signal = [D.* D1/ fp];
Noise=na*sin (pi*t);

Noise corrupted ECG signal (d) =signal+fnoise;

Coefficientl= cwt (signal, sc,'wn','col',[100 400]);

Coefficient2= cwt (d, sc,'wn','col',[100 400]);

End

Some important steps of the proposed algorithm have been described in below.

Step 1: Generation of standard ECG pattern having amplitude of 3.5mV and pulse repetition rate of 75 per
minute.
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Step 2: Generation of a noisy signal having frequency of 0.5/1 and amplitude of 0.1 mV which is 2.85 percent
of the normal ECG signal.

Step 3: Generate the response of the normal and noise corrupted ECG signal using FFT method.
Step 4: Generate the response of the signal using wavelet method.

The FFT comparison of normal and small noise corrupted signal are simulated which is shown in Fig.2 and it
cannot be identified the abnormalities using conventional FFT method. These dissimilarities are needed to
record long time for proper diagnosis. Fig.3 shows the wavelet output of normal ECG signal and noise
corrupted ECG signal. In Fig.3, the dissimilarities are identified by the statistical parameters of wavelet.

Fig.1 shows the result of normal ECG and small noise corrupted signal which are simulated using FFT algorithm
but have not found any significant changes. So it is obvious that the Fourier method, especially for this purpose
does not convey an important issue to the paramedics to get a decision.

|

il g
MiErdcke

(313
b
in

Tirne (5
) Nolss iz added in ECSE signa

Stk e g
EHOHR
Sk [

Timee [z=cC]
=) Foser spectal densiby for noisy signa
50

Pcriuck:
5]

Fig.2 Comparison using FFT

On the other hand, if wavelet is considered to demonstrate the same challenges, significant changing features
are extracted from where paramedics get some particular decisions to diagnosis the proper treatment. Table 1
and 2 show the wavelet coefficients which are taken by the generation of program and show the differences
between normal and noise corrupted ECG signal
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-2.1424 + 0.3506% -2.0932 + 0.38284 -2.0385 + 0.41484 -1.9786 4+ 0.44614
-2.3322 + 0.41274 -2.2776 + 0.44731 -2.2175 + 0.48144 -2.1519 4+ 0.51454
-2.5331 + 0.4805i -2.4727 + 0.5174i -2.4068 + 0.55344 -2.3355 4 0.58824
—2.7226 + 0.54571 -2.6568 + 0.5804i -2.50855 4+ 0.6262i -2.5008 4+ O.86244d
—2.92003 + 0.,623491 -2.80902 + 0.4664911 —-2.7720 + O.70351 -« G098 4+ 0.74111
-3.12149 + 0.70011 -3.04993 + 0.74271 —-2.9618 + O0.78X61 -2.875§1 4+ 0.B2261
=3:3Z221 + D.77891 -3.24905 + O0.8B2331 —-F.152Z6 + O.BE65391 =32.0535 + O0.30&811
=3.5269 + D.85881 =3:.4383 + 0.30531L =3.3456 + 0.34361 =3.24974 + D.99131
=3 .7328 + 0.53941 =3.6385 + O.52801 =3.5410 + 1.03401 =3.4376 + 1.077L1
=3 .9408 + 1.01361 =3.8423 + 1.07071 =3.T7387 + 1.11881 =3 .6303 # 1.16371
=d 1525 + 1.09891 =d 0490 + 1.315251 =3 .9405 + 1.20Z81 =3.8Z273 # 1.249961
=4.3645 + 1.1750% =4.2564 + 1.2317L =4.1432 + 1.2847%1 =4.0255 4 1.33381
-4.5767 + 1.2485% -4.4642 + 1.3084% -4,3467 + 1.36444 -4,2246 + 1.41604
-4.7925 + 1.3184% -4.6750 + 1.38204 -4.5544 + 1.44114 -4.4282 4+ 1.49574
-5.0080 + 1.3834i -4.8878 + 1.4509i -4.7626 + 1.51374 -4.6327 #+ 1.57154
-5.2222 + 1.4441i -5.090% + 1.5159i -4.5705 + 1.5824i -4.8374 + 1.6438i
-5.4401 + 1.4972i -5-.3141 + 1.57351i —-5.1828 4+ 1.464431 -5.04968 4 1.70894&1
—5.6512 + 1.547491 -5-.5223 + 1l.562891 -5.38593 + 1.70371i =5.2507 + 1.77321
=5.BEB5 + 1.58711 =5.738% + 1.67311 ~=5.60239 + 1.75321 =5.9623 + 1.82711
=& 0203 + 1l.8Z761 =5.9588 + 1.71901 =5.8217 + 1.80411 =5. 6733 + 1.88281
=E.2879 + l.65111 =G 1554 + l.7475L =&.01l7L + 1.83741 =5.8735 + l.32z2091
=6 4349 + 1.687121 =6.362Z0 + 1.77311 =6.2231 + 1.86831 =6.0787 #+ 1.95691
=&.T7000 + 1.&635481%1 =6.5672 + 1.79Z221 =6. 4282 + 1.889Z81 =6.2833 % 1.98661
=5.9004 + 1.6908% =6.7680 + 1.8037Li =6.6292 + 1.90974 =6.4844 + 2.0087%

Table.1 Sample Wavelet Coefficient of Ideal ECG signal

Fig.3 shows the presentation of wavelet coefficients which are extracted by the generation of program. There
are some special parameters such as models, Angle, maxima and minima lines. The length of the parameters
contains the feature of the coefficients.
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Fig.3 Continuous wavelet of 1-D of Ideal ECG

Fig.4 shows the graphical representation of small noise corrupted ECG signal and which is also generated by
the program. There are also same parameters as like as before and these parameters are compared with
normal ECG graphical representation (fig.3). It is seen that the amplitude level of the angel, maxima, and
minima of noise corrupted signal has been changed significantly compared to the normal ECG signal (fig.3).
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Figd. Continuous wavelet of 1-D of noise corrupted ECG

The power spectral density is also considered to find out the changes of the abnormalities. The power spectral
density of both cases is also shown in fig.5. And the frequency versus magnitude level for ideal and noise
corrupted ECG signal shows the dissimilarities clearly. The different values of data and graphical comparison
prove obviously that wavelet has improved the feature extraction technique in finding the small abnormalities
of ECG signal.

« Y3velet Power Density Spectrum for Ideal and Noise Corrupted Signal
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Fig 5: Wavelet Power Density Spectrum for Ideal and Noise Corrupted Signal

Finally, it is notified that conventional FFT does not perform significantly to extract the information of small
abnormalities of the ECG signal whereas the proposed wavelet method performs better in finding the small
abnormalities of ECG signal than the other existing technique.
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Conclusions

From the above discussion, it is observed that ECG signal may contain a small discontinuity due to the
presence of sudden disordered of human being that is caused harmful to the cardiac function. To detect the
precise feature of that signal, some offline simulated original signal and noise corrupted signal are generated,
evaluated and tested using conventional FFT algorithm and proposed wavelet method. The above evidences
based on FFT, wavelet, and power spectral density of both analysis say that the ECG feature extraction using
proposed wavelet method behaves significant than other conventional system to find out the proper detection
of small abnormalities of the ECG signal.
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