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ABSTRACT

Acquisition and Analysis of Cardio Graphic
Signal Using Various Transforms

1
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and Babu Harendharan’

In the modern days, cardiac problems among various age group people have
increased by a large ratio. Electro cardiograph is widely used to monitor
the electrical activities of the heart. With the help of ECG, we can able to
easily detect and classify the irregular activities of the heart. Hence in this
study, we have acquired ECG signals from ten different subjects of various
age groups using the BIOPAC system. All the acquired ECG signals are
pre-processed using the infinite impulse response bandpass filter. Then the
most vital R wave is detected by using the peak detection method present
in-built in the BIOPAC system. This R wave detection plays a very vital
role in diagnosing heart rhythm irregularities, calculating the heart rate
variability, recognizing the heart rate variability, and measuring the heart
rate. The pre-processed ECG signal is processed using highly advanced
windowing techniques to extract the power spectrum and frequency-based
values of the ECG signal. The results of the Fourier transform and spectral
density of the processed ECG signals are displayed in this study. The
features extracted from ECG signals acquired from ten different subjects
have been tabulated in this study.
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1. INTRODUCTION

Electrocardiogram is generally termed as ECG which
is generally used to measure the electrical activity of the
heart. These electrocardiogram signals are one of the most
important biomedical signals because they are reflective
of the electrical activity of the heart. These ECG signals
are one of the well-defined signals and the most important
source of diagnostic information. The electrical activity in
the heart is generated by using the sinus node. The irreg-
ularities in the generation of cardiac electrical activities
lead to tachycardia and bradycardia. Tachycardia is the
state at which the electrical activities of the heart have been
increased which leads to an increase in the heart beat rate
per minute and then bradycardia is the state at which the
cardiac electrical activities have been decreased which leads
to a decrease in the heart beat per minute. Generally, the
BPM is calculated from the ECG signal by detecting the
R wave peaks in the signal for the period of one minute.
The R wave represents the ventricular depolarization of the
heart. As the ventricular walls are very thick a high voltage
of electrical impulse is required for the contraction of the

ventricles. This high voltage required for the contraction
of the ventricles is denoted as the R wave. This R wave
is identified in this study by using the peak detection tool
which is built into the BIOPAC system. All the acquired
ECG signals from the various subjects have been pre-
processed using the IIR band pass filter. The band pass
filter is applied in this study to denoise the unwanted noises
present in the acquired ECG signal. The denoised ECG
signal is smoothened using the mean average smoothen-
ing window to remove the minute artifacts present in the
filtered signal. All the ECG signals are processed using
the FFT and the PSD transform to extract the features
from the pre-processed ECG signals. In this study, the FFT
transform is widely used to convert the time domain ECG
signal to the frequency domain ECG signal to analyse
the frequency domain values. From the frequency domain
signals, we can able to extract the features related to the
frequency domain of the pre-processed ECG signal. The
power spectral density is applied in this study to find the
power spectral values of the acquired ECG signal. The
PSD transform helps in determining the power spectrum
values of the acquired ECG signal. The peak detection
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tool present in the BIOPAC system helps in the detection
of the R wave peak in the acquired ECG signal. The R
wave present in the recorded ECG shows the ventricu-
lar depolarization of the heart. Generally, the R wave is
calculated to diagnose the heart rate variability and for
the measurement of the heartbeat per minute. These R
waves also play a very vital role in the recognition of heart
rate variability and detecting the arrhythmias of the heart.
Heart variability (HRV) is referred to as the fluctuations
in the time intervals between adjacent heartbeats. HRV
basically indexes neurocardiac function. This neurocardiac
function is generated by the brain and passed to the heart
for its regulation. In this study, the FFT and PSD trans-
form of the R wave are clearly shown and the features of the
FFT and PSD are tabulated. The main goal of this study is
to extract the vital features from the ECG signal for quick
analysis to find the abnormalities.

2. LITERATURE REVIEW

Duskalov et al. performed normal procedures for
the acquisition of the ECG signal and performed pre-
processing and several analyses of the acquired signal in
an economical way. Even though this system provides an
economical way of analysis of the signal [I1]. Abdourah-
mane et al. proposed a study in which ECG signals are
acquired and pre-processed using the wavelet transform.
In this study, the noises are removed from the acquired
signal to get better accuracy [2]. Duskalov et al. proposed a
study for automatic detection of the QRS onset and offset.
This system has a very reasonable accuracy level due to
the interference of several artifacts [3]. Afonso designed
a digital signal processing algorithm for the detection of
the heartbeat. This algorithm consists of filter banks that
decompose the acquired ECG signal into subbands with
a uniform frequency bandwidth [4]. Zhu et al. proposed
an application of a low pass filter in the pre-processing of
the ECG signal. This proposed system uses Marr wavelet
to decompose and Mallat algorithm for filtering the ECG
signal [5]. Nayak et al. discussed the several digital signal
filtering techniques involved in the filtering of the most
sensible ECG signals [6]. Ekinci et al. discussed the several
filters that have been employed in the pre-processing of the
ECG signal [7]. Israel et al. developed a system that states
the features that are extracted from the cardiac signal are
unique to an individual. This system employs several filters
for identifying the fiducial point [8]. Berkaya et al. dis-
cussed the several techniques that are involved in the ECG
signal pre-processing, processing, feature extraction, fea-
ture transformation, and classification [9]. Sornmo e al.
clearly discussed the several basic sets of algorithms that
have been employed in the removal of various types of
noises present in the ECG signal [10]. Singh and Krishnan
extracted the features of the ECG signal with respect to
the time domain, frequency domain, and time-frequency
domain [11]. These above-mentioned defects are success-
fully overcome in this study with the help of BIOPAC
system for acquiring the signals, inducing a highly efficient
bandpass filter for pre-processing the acquired signal, and
applying advanced transforms for the feature extraction.
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3. SIGNAL ACQUISITION AND METHODOLOGY

In this study, the electrocardiogram (ECG) signals are
acquired from the ten normal subjects of the age group
18 to 22. These signals are acquired from the subject at
their resting position. All the ECG signals used in this
study are acquired using the BIOPAC system present in the
Biomedical Engineering Centre for Excellence laboratory.
From each subject three different states of signals are
acquired for the analysis in this study. All the subjects
employed in this study are normal individuals of the age
group 18 to 22 with efficient cardiacfunction. The detaied
report of the subjects are clearly tabulated in the Table I.
The study groups are requested to be at the resting state
for a period of thirty minutes before the acquisition of
the signal. These signals are acquired from the subjects by
placing the surface electrodes at the subject’s left arm, left
leg, and right leg:

e Positive electrode is connected to the left leg.
e Negative electrode is connected to the right arm.
e Ground electrode is connected to the right leg

Three different types of ECG signals were acquired in this
study for the analysis:

e Calibration signal
e Resting state signal
e Signal acquired after a slight physical exercise

All the acquired signals in this study are pre-processed and
processed based on the needs. The methodolgy implied in
this study is shown in the Fig. 1.

In this study, all the acquired ECG signals are pre-
processed using the IIR band pass filter for denoising
the noises present in the acquired ECG signal. The

TABLE I: DETAILS OF THE SUBJECTS EMPLOYED IN THIS STUDY
SI. No Subject ID Subject age Subject gender
1 SUBJECT ID 01 19 Male
2 SUBJECT ID 02 22 Female
3 SUBJECT ID 03 21 Male
4 SUBJECT ID 04 19 Male
5 SUBJECT ID 05 18 Male
6 SUBJECT ID 06 21 Male
7 SUBJECT ID 07 20 Female
8 SUBJECT ID 08 20 Female
9 SUBJECT ID 09 21 Male
10 SUBJECT ID 10 22 Female
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Fig. 1. Methodology of the study.
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TABLE II: VITAL PARAMETERS EXTRACTED FROM THE PRE-PROCESSED ECG SIGNAL

Si. NO Signal detail P-P Mean Max Std dev BPM
1 Mean of all the acquired signals 0.75 Mv 0.004 Mv 0.368 Mv 0.138 Mv 6.127 BPM
SIGNAL ACQUISITION motion artifacts. These unwanted noises are removed from

ECG signals are directly acquired
from the subject using
BIOPAC MP 45

U

SIGNAL PRE-PROCESSING
Acquired ECG signal is filtered and
smoothened

!

SIGNAL PROCESSING

I |

FFT PSD
transform transform

| J

FEATURE EXTRACTION
Frequency and power spectral values
are extracted

Fig. 2. Workflow of the study.
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Fig. 3. ECG pre-processing methodology.

filtered ECG signal is smoothened using the mean aver-
age smoothening window method to remove the minute
artifacts present in the filtered ECG signals. All the pre-
processed ECG signals are processed using FFT and PSD
transform. In this study the FFT transform is used to
convert the time-domain ECG signal to the frequency-
domain signal and the PSD transform is used to find the
power spectral range of the signal. Using the FFT and
PSD transform the most vital frequency and the power
spectrum parameters of the ECG signals are extracted
and analyzed in this study. The clear flow of the study is
explained using the flow chart in the Fig. 2.

4. ECG SIGNAL PRE-PROCESSING

In this study, signal pre-processing is generally referred
to as the denoising of the noises from the acquired ECG
signal. The entire signal pre-processing methodlogy is
explained in the Fig. 3. Generally, the acquired ECG sig-
nals consist of noises that arise due to the overlapping
of the respiratory signals, loose electrode placement, and

the signal at the stage of signal pre-processing. The vital
parameters extracted from the pre-processed ECG signal
are tabulated in the Table I1.

4.1. IIR Bandpass Filter

The first stage for pre-processing of the ECG signal is
the IR band pass filter. In this stage, the unwanted noises
present in the acquired ECG signals are filtered and the
signals are freed from the noises. The bandpass filter in
this study works by allowing the signals within a selected
range of frequencies to be decoded while preventing the
signals at the unwanted frequency from getting through.
The BPF cutoff frequency is set from 0.5 Hz to 150 Hz for
the filtering process. The lower frequency cutoff is set as
0.5 Hz and the higher cut-off frequency is set as 150 Hz
for the filtering of the acquired ECG signal. A difference
between the raw ECG signal with artifacts and band pass
filtered signal is clearly shown in the Figs. 4 and 5.

4.2. Smoothening Window

The second stage for pre-processing of the ECG signal
is a mean average smoothening method. In this stage, the
filtered ECG signal is smoothened to remove the roughness
of the signal. In this study the smoothening window works
by modifying the data points of the filtered ECG signal
which are slightly higher than the immediate adjacent data
points. The increase in the data points is due to the minute
artifacts. These minute artifacts or noises are removed from
the filtered ECG signal in this step to obtain a noise-free
pre-processed ECG signal. The output of the smoothening
window will be a pure noise free ECG signal which is
displayed in Fig. 6.

5. ECG SIGNAL PROCESSING

The signal processing of ECG signal in this study is
achieved with the help of the most advanced signal pro-
cessing tools present in the BIOPAC system. The entire
ECG signal processing methodolgy is outline in the block
diagram shown in the Fig. 7. The advanced signal pro-
cessing tools present in this system are FFT and PSD
transforms. Generally, these transforms are used to convert
the time domain pre-processed signal to the frequency
domain signal and to extract the power spectrum range of
the signal.

5.1. FFT Transform

Fast Fourier transform is the advanced version of the
discrete Fourier transform. FFT is the fastest method for
the conversion of the time domain signal to the frequency
domain signal compared to the DFT. FFT is widely used
in the processing of continuous signals hence, it is used
in this study, for ECG signal processing. The major func-
tion of the FFT transform using the hamming window
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Fig. 4. ECG signal with artifacts.
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Fig. 6. Smoothened ECG signal.
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Fig. 7. ECG signal processing methodology.
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Fig. 9. PSD transform of the pre-processed ECG signal.
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TABLE III: ViTAL PARAMETERS EXTRACTED FROM THE FFT TRANSFORMED SIGNAL

Si. NO Signal detail Delta F Min F Max F Median F Freq
1 Mean of all the acquired signals 51.452 Hz 52.124 Hz 2.30 Hz 18.432 Hz 52.85Hz
TABLE IV: VITAL PARAMETERS EXTRACTED FROM THE PSD TRANSFORM
Si. NO Signal detail P-P Mv2/Hz Mean Mv2/Hz Max Mv2/Hz Std dev Mv2/Hz Median Mv2/Hz
1 Mean of all the acquired signals 3.08 2.97 3.08 5.37 1.17

method in this study is to convert the time domain of the
ECG signal to the frequency domain signal to extract the
frequency-related features of the acquired electrocardio-
graphic signal. The FFT transform for the acquired ECG
signal is clearly shown in the Fig. 8.

5.2. PSD Transform

Power spectral density transform is one of the most
advanced signal processing tools present in the BIOPAC
system. PSD in the BIOPAC system is widely used to
find the power spectral density of the biosignals. The
power spectral density of the ECG signal is calculated in
this study by dividing the frequency of the pre-processed
ECG signal by the square of the electrical potential
of the pre-processed ECG signal. The major function
of the PSD transform in this study is to extract the
power spectral density features of the acquired ECG
signal. The output for the PSD transformed pre-processed
ECG signal is shown in Fig. 9.

6. RESULTS AND DISCUSSION

All the acquired ECG signals from the subjects are pre-
processed to remove the artifacts present in the signal.
Then the pre-processed ECG signals are processed using
the advanced signal processing tools to extract the vital
features from the acquired ECG signal.

6.1. Pre-Processing of the ECG Signal

At the stage of pre-processing the artifacts present in
the signals are removed by using the bandpass filter and
the roughness of the signals is smoothened using the mean
average smoothening window.

6.2. FFT Transform

The FFT transform is used to convert the pre-processed
time domain signal to the frequency domain signal to
extract the vital frequency parameters. The frequency
based values extracted from the FFT transformed signal is
tabulated in the Table I11.

6.3. PSD Transform

PSD transform is applied to the pre-processed ECG
signal in this study to extract the power spectral density
of the acquired ECG signal and to extract the vital power
spectral density parameters of the ECG signal. The vital
power spectral based parameters extracted from the out-
put of the PSD transformed signal is tabulated in the
Table I'V.

7. CONCLUSION

In this study, nearly thirty electrocardiographic signals
are acquired from the ten different subjects of the age
group 18 to 22. All the acquired ECG signals are filtered
using the infinite intrinsic response band pass filter for the
removal of the unwanted artifacts present in the acquired
ECG signal and then the roughness of the ECG signals are
smoothened using the mean average smoothening window.
These pre-processed ECG signals are processed using the
advanced FFT transform for the conversion of the time
domain signal to the frequency domain signal to extract
the frequency-related parameters of the ECG signal and
then the PSD transform is used for the extraction of power
spectral density of the pre-processed ECG signal to obtain
PSD parameters of the ECG signal. All the most vital
FFT and PSD parameters of the ECG signals are acquired
and tabulated in this study. The main goal of this study is
achieved successfully and this study paves the way for the
betterment of the ECG signal analysis in the future in an
economical way.
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