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Abstract

The electrocardiogram is considered to be one of the 
most powerful diagnosis tools in medicine; it is routinely 
used in the assessment of the heart function. In this work, 
an application was developed and implemented in the Visu-
al Basic (VB) Environment, in order to study the processing 
time through the detection of the R peak and the selection 
of different waves (P wave, T wave and QRS complex) pres-
ent in an ECG. The spectral processing is used to perform 
the characterization of different waves constituting this ECG 
signal, by means of different high-energy rays using the Fast 
Fourier Transform (FFT) algorithm which is based on Radix2 
and the Index Approach. This is done to eliminate redun-
dancy in calculations.

Keywords: ECG; Temporal analysis; Spectral analysis; FFT; Spec-
tral Density; Fundamental Frequency; VB6.

Introduction

Heart disease is one of the main causes of death in the world 
and much effort is expended on its diagnostic and treatment. 
The electrocardiogram gives us important information and a 
power diagnostic tool in medicine. Different waves reflect the 
activity of different areas of the heart [1]. A normal electrocar-
diogram ECG consists of P wave, QRS complex and T wave (Fi-

gure 1). The P wave is caused by electric currents produced by 
the depolarization of the atria before their contraction, while 
the QRS complex is caused by electric current produced by the 
depolarization of the ventricles prior to their contraction, du-
ring the extending of the depolarization in the ventricular myo-
cardium [2].
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Figure 1: Basic morphology of typical ECG signal.←

This work reviews current knowledge about the patient’s 
heart condition as the identification of the several waves in the 
ECG by selection of their different waves (P wave, T wave and 
QRS complex) in spatial and temporal domain, the detection of 
the peak R for extract the HRV Signal and calculate the heart 
frequency. The spectral Analysis (SA) give us the different waves 
constituting this ECG signal by means a different high-energy 
rays. 

Methodology and Results

ECG Signal Acquisition

The ECG signal acquisition has been obtained using electron-
ic circuit realized in our laboratory and connected to a compu-
ter with RS232 port [3]. 

The Interface of data transfer contains the real time ECG sig-
nal and information source of the patient in our case. This ECG 
signal is collected on derivation DI of 10 volunteers. The interface 
shown in Figure 2 is realized for the acquisition and display of 
morphological electrocardiographic signal with is acquired and 
stored in the *. DAT file. Our Interface user Graphic (GUI) is real-
ized by Visual Basic Environment (Figure 3), this GUI is enables 
to record, storage, display and analysis of Physiological Signals. 
These signals benefit of three analyzes: Spatial, temporal and 
spectral analysis.

Figure 2: Layout of electrocardiogram ECG.

Figure 3: Interface user graphic.

Spatial Analysis

The display spatial analysis show the amplitude of each wave 
selected for ECG signal by the T wave, the P waveandthe QRS 
complex which are represented on the fallowing Figure 4.The 
selection of each waves P, T wave and QRS complex give respec-
tively the magnitude of 0.14 mV, 0.25 mV and 1.34 mV.

Temporal Analysis

The temporal analysis shows the duration of each selected 
waves P, T and the RR interval corresponding of duration be-
tween each heartbeat which are represented on the Figure 
5.The P wave, the T wave and the RR interval have respectively 
the duration of 0.09s, 0.13s and 0.72s corresponded respective-
ly to the fallowing frequencies of 10.76Hz, 7.17Hz and 1.37Hz.

Detection of ECG signal peaks

Several peak detection algorithms have been used [4].
The following chart proposed algorithm detects the peak of 
different signal, ECG in our case by averaging, thresholding and 
windowing:

The algorithm developed includes the following step:

Load the signal ECG.1. 

Finding the R peak and identifies her position in time 2. 
(Figure 7).

The heart rate variability (HRV)

The HRV signal represents the variability of the cardiac cycle 
frequency to another [5]. It is a good indicator of cardiac ar-
rhythmia. The average period options calculate and display the 
average period and heart rate (Figure 8).

The HRV signal of this ECG is varying around 70 BMP, and the 
variability of RR interval is low than 0.5s.

Figure 4: Spatial analysis of ECG signal.

Figure 5: Temporal analysis of ECG signal.
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Figure 6: Flow chart of the proposed algorithm.

Figure 7: Detection of R peak.

Figure 8: HRV signal and average period.

Spectral Analysis

The spectral Analysis allows decomposition of the signal 
into frequency component using the FFT algorithm. The basic 
assumption behind FFT analysis is that a frequency domain 
description is likely to reveal important information which is not 
apparent in the time domain signal [6].

We developed an Algorithm for its calculation which is based 
on the discrete Fourier Transform of N order which is given by:
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N is the length of the input sequence, N=212.

n is the index of the input sequence in time domain 0 ≤ n 
≤ N-1 and  k is the index of the output sequence in frequency 
domain 0 ≤ k ≤ N-1.

The Radix 2 algorithm consist of decomposing an N-point 
DFT into a series of successive 2 points, m steps of processing 
are necessary for calculation, where m=log2(N).

And 
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This DFT is expressed in two sub sequence of N/2 points of 
two subsequence’s of even and odd index. A new decomposition 
is established for each sub sequence of N/2 points into two 
shorter sequence of N/4. The process can continue until we get 
a series of sub-sequence 2 points. The complete decomposition 
generates a FFT algorithms commonly used as the Radix 2 with 
time interleaving.

The ECG spectral content is from 0 to 150 Hz  [7] on the 
spectrum shown in Figure 9, we found the spectral density 
relative of QRS complex to the frequency of 13.79 Hz, which 
corresponds to the high energy frequency of the ECG signal.

The temporal analysis shows the duration of the QRS · 
complex which is 0,07s shown on Figure 10.

The spectral density of the P wave is situated at the fre-· 
quency 10,27Hz shown on Figure 11.

The temporal analysis shows the duration of the P wave · 
which is 0,09s shown on Figure 12.

The spectral density of the T wave is situated at the fre-· 
quency 7,13Hz, shown in Figure 13.

The temporal analysis shows the duration of the T wave · 
which is 0,13s shown on Figure 14.

The spectral density of the RR interval is situated at the · 
frequency of 1,3Hz, shown on Figure 15.

The temporal analysis shows the duration of the RR Inter-· 
val which is 0,72s shown on Figure 5.

Figure 9: FFT plot of the ECG signal.
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Figure 10: Plot of temporal analysis of the ECG signal to select 
the QRS complex.

Figure 11: FFT plot of the ECG signal. Plot of FFT of the ECG 
signal

Figure 12: Plot of ECG temporal analysis of P wave.

Figure 13: Plot of FFT of the ECG signal.

Figure 14: Plot of ECG temporal analysis of T wave. 

Figure 15: Plot of the FFT of the ECG signal.

Figure 16: Plot of the ECG autocorrelation.

The average power density of the ECG

The average power spectral density of the ECG is calculated 
from the Fourier transform of the autocorrelation function of 
this signal [8].

The autocorrelation function has been implemented accord-
ing to the definition formula:
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The autocorrelation function is presented on the Figure 16.

In the spectral representation of the autocorrelation function 
of the ECG signal (Figure 17), we can easily distinguish different 
high-energy rays corresponding to the QRS complex (f=13.74 
HZ), the P (f=10,27Hz) and T (f= 7,08 Hz) waves.

τ τ
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We notice that the spectral representation of the ECG auto-
correlation is only an improvement of the ECG spectrum which 
is shown in figure 15.

Results table

The Table 1 shown the results of spectral, spatial and tem-
poral analysis,

The following results have been calculated by averaging 10 
ECG recordings in DI.

Conclusion

This work is essentially a technological character of develop-
ment software by providing cardiologists processing tools of the 
powerful signal that can help them to establish their diagnosis 
and guide their treatment approach.

We have developed three analyses, in first the spatial analy-
sis allows to select and display different amplitudes selected 
waves, secondly the temporal analysis has allows selecting and 
display different durations selected waves and third the spectral 
analysis joins the last analysis to confirm their results.

We can say also that the maximum power corresponds to 
the QRS complex and the displacement of this energy toward 
the low frequencies are stand for a growth in the duration of 
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Figure 17: Plot of the average power spectral density of the 
ECG.

Table 1: Results of spectral, spatial and temporal analysis.

ECG Spectral Analysis ECG Temporal Analysis
ECG Spatial 

analysis

period: 0.89s
Frequency of RR 
Interval: 1.08Hz

Frequency of high 
energy: 13.74Hz for 

QRS complex
10.27 Hz for P wave

7.08 Hz for the T wave

RR Interval: 0.76s.

P wave duration :0.09s

T wave duration: 0.13s

QRS complex duration: 
0.07s

ECG Frequency: 72 bpm.

RR interval duration: 
0.76s.

QRS complex 
magnitude: 1.34 

mV

P wave magni-
tude: 0.25  mV

T wave magni-
tude: 0.3 mV

the QRS complex.

An enlargement of QRS complex (> 0.10 sec) is particularly 
susceptibleto the suddenoccurrence of rhythm disorders most 
often fatal.
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