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ABSTRACT

In order to make a benefit from body surface potential
mapping; this is need to measure the potential from a multi-
electrode system. Spatio-temporal information represents the
potential distribution over the body surface. This distribution
represents the variation of the potential with respect to
amplitude and time simultaneously. In this paper, The cardiac
muscle state from body surface potential maps (BSPM) non-
invasively is evaluated using chest electrodes for a better
cardiac disease diagnosis and for enhancing the diagnostic
power as compared to the standard 12-lead ECG system.
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1. INTRODUCTION

The electrocardiogram (ECG) is a record of the electrical
activity of the heart from the surface of the body. It is
produced by the sum of all action potentials occurring in the
cardiac muscle fibers during each cardiac cycle [1, 2, 3, 4].
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Fig (1) One cardiac cycle of normal ECG [*!

Body surface potential mapping (BSPM) is very important,
because the study of the forward and inverse problem is very
important. As contrasted to traditional ECG which makes use
of 6 points on the chest, BSPM makes use of 32 to 320
measurement points. It is very important to allow the medical
staff to construct a torso map of bio-electrical propagation
activity [12, 13]. In this way, the propagation of bio-electricity
related to the heart cycle can be estimated. Much research has
been carried out to allow a better study of how to localize the
variations in heart activity using multisystem electrodes [5].
Using four new positions for placement of chest electrodes
help for constructing of cardiac maps for detection of
coronary artery diseases [19-20]. The comparison between the
traditional 12-lead electrocardiograph (ECG) and body
surface potential mapping for the detection of acute
myocardial infarction (MI), and also anterior and posterior
myocardial Ischemia (MI) achieved a successful sensitivity
with a percentage of 47.4% versus 40% for the traditional 12
lead electrocardiograph (ECG). But regarding specificity, the
traditional 12 lead electrocardiograph (ECG) achieved a
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percentage of 93.7% versus 85.6% for body surface potential
mapping as far as the detection of myocardial infarction (M)
was concerned [14, 15, 16, 17, 18].

In this research traditional ECG is used with new chest
positions to obtain 30 spots on the chest, which increases the
diagnostic power of ischemic heart diseases. Figure (2) and
Figure (3) show the Traditional Position (PO) ECG chest
electrodes placement and new positions simultaneously.
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Fig (2) Traditional Position (P0) ECG chest electrodes
placement [ 1]
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Fig (3) New Positions (P1- P2-P3-P4)

The main core of this research deals with peak (QRS)
detection. QRS is detected complexes using filter banks and
consequently build up a cardiac map by designing a multi-rate
digital signal processing algorithm for ECG QRS detection.
The filter bank (FB) strategy is composed of analysis and
synthesis filters. The role of the analysis filters is to sub-
divide the ECG signal into sub-bands with uniform frequency
bandwidths. Then down-sampling is applied. Up-sampling is
required before the synthesis filters. Synthesis filters help in
the re- construction of the signal. A heuristic detection
strategy is applied to one-channel beat detection algorithms. A
search-back strategy technique is used for peak detection as
found in [10, 11, 12]. This algorithm has an accuracy of
99.59%.
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http://www.youtube.com/watch?v=VeJ-l7DLEsA

2. MATERIAL AND METHODS

The research gives the ability to load the sample case from
many cases saved in the hard disk. After the case has been
loaded the user can perform different analysis techniques on
the loaded data using Matlab, to display the measured results
in the time domain, to draw the iso-potential contours, and to
display the measured results in the frequency domain as
shown in Figure (4).

ANALYSIS OF ECG SIGNALS
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Fig (4) Program graphical user interface

Data are collected at different positions on the chest for a
sampling frequency fs = 200 Hz, assuming the maximum
signal frequency fmax = 100 Hz. A filter bandwidth 5.6 Hz is
used as shown in figure (5) [10]. A filter bank has two parts:
an analysis bank and a synthesis bank. Each bank is a set of
band pass filters. The filters in the analysis bank are analysis
filters and the filters in the synthesis bank are synthesis filters.
Figure (6) shows the structure of a filter bank [9, 10 ,11].
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Fig(6) filter banks [10]
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3. RESULTS AND DISCUSSION

Time domain plots for the whole signal and for the average
cardiac cycle as shown in Figure (7) and (8), respectively. In
this step the user chooses the position of electrode to be
plotted from (P, to P,) and also chooses the channel (from V,
to Vg). The chosen signal is segmented according to the
detected QRS. All segmented parts of the signal are plotted
together.

The blue lines represent the detected cardiac cycles, while the
red line represents the average cycle. Finally the user can plot
all the signals at different positions from (Pq to P,4) for all the
channels (from V; to V).
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Fig (7) Drawing the whole signal
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Fig(8)Drawing the average cardiac cycle

Also we have the ability to plot in the frequency domain both
the spectrum of the normal ECG signal and the spectral
variation over the chest along the positions (P, through P,), as
shown in Figure (9) and (10), respectively. Finally, we can
draw the contours for the whole signal and the average cardiac
cycle and make a comparison between a normal and an
abnormal case, especially focusing on coronary artery disease
(CAD) at 20 msec, 40 msec, and 60 msec as shown in Figure
(11), Figure (12) and Figure (13), respectively.
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Fig (9) Spectrum of normal ECG signal
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Fig (12) The contours at 40 msec

Fig (10) Spectral variation over chest along Ps
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Fig (13)The contours at 60 msec

Contours show the spread of the cardiac biopotential.
Comparison is made between a normal person and an
abnormal person by detecting the maximum positive peaks
and negative peaks for different positions with different leads
at different times. The study is applied to normal and

1 3 § 5 6 abnormal persons suffering from (CAD) diseases. As shown
Abnormal case in Fig. (11); fgr normal person, the maximum voltage

appeared at Py with V5 and P, with V,, while for an abnormal

Fig (11)The contours at 20 msec person the maximum voltage is found at Py with V3, at Py

with V,, and at P, with V,.The values for a maximum voltage
of the normal person (150 mvolt) are smaller than the
abnormal person (250 mvolt) . As shown in Fig. (12); the
maximum voltages for a normal person increased at this time
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(600 mvolt). The maximum voltage for a normal person was
at P; with V, (600 mvolt) while maximum value for an
abnormal person was still at P; with V, and at P, with V3 and
P, with V, (250 mvolt). Fig.(13) indicates that the maximum
value for a normal person (150 mvolt) still higher than for an
abnormal person (50 mvolt). The maximum voltage appeared
at Py with V3, at P3 with V3, and at P, with V,, while for the
abnormal person it was at P, with Vs. For a normal person, on
the other hand, negative peaks (-100 mvolt) appeared at P,
with V3, at Py with V,, and at P, with V3, while for abnormal
person, only one maximum negative peak (-400 mvolt
appeared at Py with V,.

4. CONCLUSIONS

Results show a significant difference between maps of
congenital heart disease (CHD) and normal state. This
manifests itself as maximum voltage peaks for a normal
person, which are greater than for an abnormal person at 40
and 60 msec. More emphasized is seen high negativity peaks
associated with an abnormal person than with a normal
person.
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