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Abstract. Heart pathologies are one of the main causes of death in the entire
world. Making a correct pre-diagnose can be helpful in order to avoid mistaken
treatments that unfortunately are still carried out. For that strong reason, it is
presented in this paper, the description of a pre-diagnose process of this heart
arrhythmias, using ECG signs and mathematical algorithms as the Continuous
Wavelet Transform in order to characterize and identify some features of this
pathologies and the Fuzzy ¢ Means that is allowed to identify to what group of
this pathologies it belonged an ECG sign of an unknown patient. This Tech-
nique could be useful in real medical processes since it can help physicians to
carry out a better diagnose.

1 Introduction

1.1 Heart Arrhythmias

In recent years the index of cardiovascular illnesses has been increased, it is caused
by inadequate diets, uncontrolled rhythm of life, overweight, or congenital problems
among other cases. This information shows the necessity to dedicate more resources
to treat and prevent these sufferings by means of improving the diagnosis systems
that already exist, which are convenient only for the identification of certain heart
pathologies and in spite of the fact that they make this identification with an accept-
able error, it is necessary an improvement in the diagnose process.

The current methods, in the pre diagnosis of these pathologies, make an analysis
based on the Fourier Transform (FT), however, one of the main inconveniences that
this FT has is their non recommended use in non stationary signals. Despite, the nor-
mal heart has a non stationary signal it is stiller noted when it presents any kind of
arthythmia. Therefore, in this paper it is suggested to make a pre diagnosis using the
Continuous Wavelet Transform (CWT) that has demonstrated better results in certain
applications for more than ten years when the signals to be processed are in fact of
the non stationary type (5], [9].
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The cardiovascular illnesses are a serious problem of public health in industrialized

countries, since they occupy the first place in causes of death, moreover, they are
increasing the demand of medical services what gene}'ates several socioeconomic
repercussions in the health area along the world. Fo; this reason, the use and devel-
opment of non invasive techniques like electrocal.'dlo‘graphy (ECG) grants a useful
perspective for the diagnosis and treatment of this kind of panents. Howt_:ver, the
signal obtained by the ECG is not enough to make a correct diagnose and it is neces-
sary to make a signal processing in order to identify with better results whether a

patient has o not any kind of heart pathology [1], [2], [6]. . .
The intervals of time among the different waves of the ECG are important in the

diagnosis because they reflect bioelectrical processes that have clinical irqplica?ions
when they are outside of the margin of normal variation. The custom way in Wh'ch a
cardiologist can classify and treat the dysfunctions of the heart }'hythm, is by taking
into account some ECG characteristic like heart frequency, width of the complex
QRS, rhythm state, witness or absence of P waves and their relationship with the

complex QRS [3].

1.2 Continuous Wavelet Transform

In the signal analysis there exists a great deal of tools that have been developed for
years. Belonging to those tools is the Fourier Transform, the one that has gain consid-
erable attention due to its capacity of represent the frequencies that are contained in a
certain signal. The Wavelet analysis allows the use of big intervals of time in those
segments where a bigger precision is required in low frequency, and smaller regions
where information is required in high frequency [4].

A simple form of understanding the way of operation of this transform is by think-
ing that the signal in base of time is going to be processed by several low pass and
high pass filters which allow the separation of high frequency signal portions from
low frequency ones [11], [12]. :

The objective of the CWT is to decompose certain signals into functions denomi-
nated Wavelets components, which form a space base of functions with non finite
dimension, and certain properties like orthogonal form, size, softness, duration, etc.
The CWT is defined by (1) [7], [8].

Cla,b)= [f(O)Y,,(0)dr (1)

There exist many families into the CWT like Haar, Coifelts and Daubechies. The
last one is the used family in this work [9].

1.3 Fuzzy Logic
The human brain carries out a large amount of parallel activities to acquire informa-

tion about reality, analyze it by means of previous knowledge and to produce an ade-
quate response to the corresponding external excitation. All these processes are de-
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veloped without mathematical modeling on surrounding systems. This reasoning is
main principle of fuzzy logic [10].

In fact, this mathematical theory was developed to reproduce, as far as possible,
the human brain capability in order to analyze the real life. The fuzzy logic works
with the so-called membership function (MF) as main element to reproduce the un-
certainty characteristic on human reasoning. This (MF) concept allows constructing a
class of conditions that related the actual particular characteristic on certain process
and then to supply a consequent interpretation.

The fuzzy logic methodology introduces the fuzzy groups that relate some particu-
lar subsets (MF) defined inside a certain universe of numeric values (representing the
real variables involved in the process under study) with some linguistic variables (that
are related with the physical meaning of variables nature). This process is known as
Fuzzification method, where the real values are evaluated by the MF mathematical
representation.

This class of function evaluation is quiet different from the classical Boolean logic,
because here the membership degree belong to the closed set (0, 1). Once this process
has been completed, a particular methodology is performed to create a conclusion
representing an adequate solution to the current situation provided by the actual input
variables. Finally, these mathematical expressions are transformed into rea] physical
variables in the Defuzzyfication process.

2 Methodology

In this section it is presented the description of the pre diagnostician process, starting
from the data base was used in this work, the signal characterization by the CWT and
the clustering by Fuzzy c-Means (FcM).

2.1 Data Base

The database was taken as reference was the MIT - BIH Arrhythmia Dates Base that
Contains 48 fragments, corresponding to ambulatory registrations of two channels.
The sampling frequency is of 360Hz, with 11 bits of resolution and a range of 10mV.
The following table summarizes the characteristics of the used registrations in this
work.

Register Gender Age Signal Characterization
101 Female 75 Normal Rythm

104 Female 66 PVC Pacermarker Fusion

105 Female 73 Normal and PVC

107 Male 63 PVC, Paced

109 Masculino 64 Left BBBy PVC

112 Male 54 Normal and APC

200 Masculino 64 High frequency ventricular beat

Table 1. Selected signals of the MIT - BIH arrhythmia data based.
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2.2 Mathematical Description of the Wavelet Algorithm

ECG signals obtained by the MIT data base was introduced ipto a computer. The
vector function that represents the bioelectric heart signal is described by (2).
T (i) (2)
Every ECG signal is divided into the same number of parts, starting frorr} previous
knowledge the size of this intervals was selected as 1 second of acquired signal. The
mathematical representation of these intervals is described by (3).

f mtd el (3)
Every interval is composed by point series (4).
R a2 4)
This points are used in order to form a matrix like is shown in (5).
Yy o e A 0 /i
F =l d = (5)
Xp Ko T Xk ./k

The CWT is applied in every j and the obtained transform is the expression (6).

W, =Y AT, [A] (6)
AieZ
Which is a new matrix #,, shown in (7), that contains the correlated coefficients

¢,  of the corresponding vector 1t

w =l : jolpe e (7)

Cra Ca 1Ak

With the aim of avoid obtain negative coefficients in the process of getting the cor-
responding energy, it was necessary to obtain the absolute values of the matrix like is
described in (8).

W=

i ®
Finally, it is obtained the proper value of energy of each matrix with the purpose of

classify every divided part in frequency and energy. The way was obtained the CWT
energy is described in (9).

| G&p
b =—2 W (a.b) 9)

a=1 b=l
Where a is the number of rows and b ius the number of columns.
Once the energy and frequency of every part of the complete ECG signal was ob-
tained, it is possible to visualize different clusters related with every patient condition.
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2.3 Mathematical Description of the Fuzzy c-Means Algorithm

The Fuzzy c-Means technique is one of the mostly used clustering tool that has
gain considerable attention in real practical applications. This' FcM algorithm was
developed using an optimization technique in order to solve a minimization problem
of a function described by (10).

viniPRERE D B
r* i=1 j=

Were l<m<ow, V =[v,,V,..,v.]€eR™ and u; =u,(x,) is the MF which as-
signs x, to the j cluster, and the matrix M xc established by U =[u,] is a partition
of FcM given by U, , which is defined by (11).

< M
U, = {U e R*u, €[0,1], Vi, j; >ou, =1, Vi 0<du, <M, Vj} (11)
i=|

J=!

Then it is defined the group I, = {jl <j<c: "x, ""/"2 = 0} and its complements

L= {1,2,...,c}~T,. The cardinality T, of the group I'; represents the number of
prototypes that coincides with x;. The necessary conditions to solve
(U,V)eU, xR™ of the minimizing function are shown in (12) if I, #3, then
u; =0, Vjel,,y Y, u,=1,Vior(13)if [, =0.

2 \mi
<[ x -y

Wy = Z

2
1 5

, 1SisM; 1<j<c (12)

S— gl(uij )m xi
e
The clusters Fuzyfication produced by the FcM algorithm is controlled by the m > 1
parameter.

<j<e (13)

3 Graphical and Numerical Results

In this section it is presented the obtained graphical and numerical results. Firstly it is
presented the ECG signal obtained by the MIT data base, then the graphical results of
the CWT application, the relation among frequency and energy and finally the clus-
tering by FcM. Making use of the signals described in the table 1, we analyze every
one with this technique. In figure 1, it is presented the signal of a female 75 years old
patient with normal ECG signal.
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Fig. 1. 100 ECG signal segment.

Once it is applied the CWT the coefficients obtained are 3D plotted and shown in
figure 2.
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Fig. 2. Coefficients of the 100 ECG signal.
Another ECG signal belonged to a 64 years old male patient with left BBB and PVC

condition. This signal is stored in the 109 reference number in the MIT data base. The
ECG signal is shown in figure 3.
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Fig. 3. 109 ECG signal segment.

The CWT application to this signal gives the coefficients that are shown in figure 5.
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Fig. 4. Coefficients of the 109 ECG signal.

Other signals had similar way. In figure 5, it is shown the obtained clusters given
by different ECG signals belonged to diverse patient heart conditions and it can be
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seen that this algorithm is capable to identify different heart pathologies starting from
the relation among frequency and energy given by the CWT.
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Fig. 5. Obtained clusters of different patient conditions.

Once it is obtained some clusters, the FcM algorithm is applied in order to identify
to what group of heart condition is belonged an ECG sign. The obtained results of
identification are shown in figure 6 where the continuous lines represent the trajecto-
ries of every center given by the FcM technique.
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Fig. 6. Identification of heart condition by Fuzzy c-Means.
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It is possible to obtain a graphical representation of the minimization problem so-
lution plotting every iteration with its proper value. This evolution is shown in figure

Objective Function

5 10 5 2 = %
Number of iterations
Fig. 7. graphical representation of the minimization solution.

With these results, it is possible to identify an unknown ECG signal and to get a
pre diagnose that can be useful in real medical processes. In figure 8 it is presented
the relation about frequency and energy of an ECG unknown condition signal and the
centers of the characterized known signal given by the FcM technique.
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Fig. 8. Unknown ECG signal and the FcM clustering centers.
The results given by this whole technique is presented in table 2.

Signal Degree of Ownership [%]
112 76.4748
107 0.5617
105 12.9137
104 3.7815
101 6.2683

Table 2. Unknown ECG signal results.
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Another example of this application is related with the figure 9, where it is pre.-
sented another different ECG signal of an unknown condition of heart pathologies.
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Fig. 8. Unknown ECG signal and the FcM clustering centers.
The obtained results when the FcM algorithm is applied are presented in table 3.

Signal Degree of Ownership [%6]
104 0.5903
107 2.3323
112 1.2234
105 0.0607
101 95.7933

Table 2. Unknown ECG signal results.
With the results shown in table 2 and table 3, it is possible to conclude that the pa-
tient most have similar conditions to 112 ECG signal such that normal heart rhythm
with APC and 101 respectively which is a normal ECG of health patient.

4 Conclusions

The design of a heart pre diagnose has demonstrate an effective behavior while repre-
senting in 3D the obtained Wavelet coefficients of different ECG signals belonged to
normal and with arrhythmia conditions. It is possible to achieve distinguishing high
frequencies and corresponding energies of every signal. With the use of 3D plots
obtained with the Continuous Wavelet Transform it is possible to localize crests that
corresponds to every wave located in the scale - time plane, furthermore it can be
observed that smaller scales correspond to higher frequencies such that frequency
diminish when scale grows. Once the CWT is applied, the signal can be represented
in 2D frequency - energy plane making clusters depending on the patient condition
with the result that the pathologies studied here can be characterized with a represen-
tative center using the Fuzzy c-Means technique. In equal manner, this algorithm is
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suggested to be used in medical applications to analyze different ECG unknown sig-
nals in order to help physicians to make a better diagnose.
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