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IntroductIon

Nowadays, cardiovascular diseases are one of most 
important causes of death, with a great repercussion 
on the health assistance budget. For instance, to 
obtain an early exact cardiovascular diagnosis is one 
of the most important missions for the physicians.

Blood cannot pump effectively when the heart 
does not beat properly. Therefore the lungs, brain 

and all other organs cannot work properly and may 
shut down or be damaged.

Cardiology departments have become one of 
the most important areas within Health Services all 
over the world, due to the number of deaths caused 
by cardiology related problems. In particular, in 
Spain, according to the National Statistics Institute 
(INE), approximately a third of the total number of 
fatalities had its origin in a cardiac disease. As the 
single largest cause of death it cannot be ignored.

AbstrAct

In the present chapter, the authors have developed a tool for the automatic arrhythmias detection, based 
on time-frequency features and using a Support Vector Machines (SVM) as classifier. Arrhythmia Database 
Massachusetts Institute of Technology (MIT) has been used in the work in order to detect eight differ-
ent states, seven are pathologies and one is normal. The unions of different blocks and its optimization 
have found success rates of 99.82% for RR’ interval detection from electrocardiogram (PQRST waves), 
and 99.23% for pathologic detection. In particular, the authors have used wavelet transform in order to 
characterize the wave of electrocardiogram (ECG), based on Biorthogonal family, achieving the most 
discriminative coefficients. A discussion on arrhythmia ECG classification methods is also presented 
in this paper.
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Nevertheless, research carried out in this area 
to date is considered to be insignificant, bearing 
in mind the high rate of deaths caused by cardiac 
diseases. European Union countries invest on 
average a minimal value of 3%, considerably less 
than countries such as the USA (6.8%) or South 
Korea (5.4%).

The ECG is the graphic description of the 
heart’s electric activity registered from the body 
surface in exquisite detail. This is a basic element 
in the diagnosis of different heart diseases. This 
diagnosis depends on the medical experience. 
Normally a big knowledge is needed to obtain 
great results.

Some of the reasons of identification error are: 
signal with no good quality; details under noise 
or miniature details such as human subjectivity.

Therefore, the objective of this present work 
is to design and implement computer aided 
software for detecting arrhythmias based on the 
time-frequency features and using an automatic 
classification system. The term arrhythmia re-
fers to any change from the normal sequence of 
electrical impulses. The electrical impulses may 
happen too fast, too slowly, or erratically causing 
the heart to beat too fast, too slowly, or erratically. 
This idea is based on the feature extraction from 
Electrocardiogram (ECG) signal, using physi-
cians as supervised knowledge for labeling ECG 
signals. The function of these tools is to help on 
medical tasks against the prevention of cardio-
vascular diseases.

bAckGround

In the 60’s the ECG analysis had a wide number 
of studies about its process in different ways and 
for different applications, for example, some of 
them apply mathematical or statistical concepts.

Most cardiovascular diseases can be diagnosed 
by the analysis of the significant time intervals in 
the ECG signal. The ECG features extracted can 
determine whether a patient presents any kind of 

cardiac pathology or not. However, in order to 
extract these values a previous signal processing 
is required to delete noise and to make the analysis 
lighter. The common noise sources are: baseline 
wander, power line interference and muscle noise. 
Baseline wander, or stranger low-frequency high-
bandwidth components, can be caused by: perspi-
ration (effects electrode impedance), respiration 
and body movements. These noises can cause 
problems to analysis, especially when examining 
the low-frequency ST-T segment.

On the frequency domain, the main informa-
tion is placed under 35 Hz. Power line normally 
affect over 50 and 60 Hz and the muscle noisy 
can be approximated as white noise because his 
frequency spectrum is practically plane.

The inherent morphology of the electrocardio-
graphic (ECG) signal is a key factor to determine 
if the reliable feature detection can be made. As a 
non-stationary signal, ECG has to be pre-processed 
using frequency adaptive tools. Several techniques 
have been used to perform the detection of these 
features over the last decades, such as the Short 
Time Fourier Transform (STFT) or the Wavelet 
transform.

In the arrhythmias detection there are two main 
kinds for the feature extraction. On the one hand, 
features extracted directly from the ECG signal, 
time, sizes, areas, delays, etc. And on the other 
hand, features extracted from domain transforms. 
Both methods will be discussed in this present 
work (Mallat, 1998; Kunzmann et al. 2002; Alonso 
et al., 1999; Moraes et al., 2002; Bahoura et al., 
1997; Hosseini & Reynolds, 2001; Zimmerman 
& Povinelli, 2004).

The block diagram of both approaches is very 
similar; the difference is the feature extraction 
module. In the Figure 1, we can see a block dia-
gram of the whole classification system.

As shown, after extracting the features from the 
entire database, a first training stage is obtained. 
Through this model system a new block of fea-
tures is applied to see the answer of the model. 
If it this solution is optimal, the final Classifier 



 

 

13 more pages are available in the full version of this document, which may

be purchased using the "Add to Cart" button on the publisher's webpage:

www.igi-global.com/chapter/automatic-arrhythmia-detection/43153

Related Content

Improving Ontology Alignment through Genetic Algorithms
José Manuel Vázquez Naya, Marcos Martínez Romero, Javier Pereira Loureiro, Cristian R. Munteanuand

Alejandro Pazos Sierra (2010). Soft Computing Methods for Practical Environment Solutions: Techniques

and Studies  (pp. 240-259).

www.irma-international.org/chapter/improving-ontology-alignment-through-genetic/43155

ISW: Interest-Based Small World Network of P2P
Jinlong Zengand Guifeng Zheng (2012). International Journal of Software Science and Computational

Intelligence (pp. 26-40).

www.irma-international.org/article/isw/88925

A Formal Knowledge Retrieval System for Cognitive Computers and Cognitive Robotics
Yingxu Wangand Yousheng Tian (2013). International Journal of Software Science and Computational

Intelligence (pp. 37-57).

www.irma-international.org/article/a-formal-knowledge-retrieval-system-for-cognitive-computers-and-cognitive-

robotics/101317

Oppositional Differential Search Algorithm for the Optimal Tuning of Both Single Input and Dual

Input Power System Stabilizer
Sourav Pauland Provas Kumar Roy (2021). Research Advancements in Smart Technology, Optimization,

and Renewable Energy (pp. 256-282).

www.irma-international.org/chapter/oppositional-differential-search-algorithm-for-the-optimal-tuning-of-both-single-input-

and-dual-input-power-system-stabilizer/260052

On the Use of Particle Swarm Optimization Techniques for Channel Assignments in Cognitive

Radio Networks
Hisham M. Abdelsalam, Haitham S. Hamza, Abdoulraham M. Al-Shaarand Abdelbaset S. Hamza (2012).

Multidisciplinary Computational Intelligence Techniques: Applications in Business, Engineering, and

Medicine  (pp. 202-214).

www.irma-international.org/chapter/use-particle-swarm-optimization-techniques/67293

http://www.igi-global.com/chapter/automatic-arrhythmia-detection/43153
http://www.irma-international.org/chapter/improving-ontology-alignment-through-genetic/43155
http://www.irma-international.org/article/isw/88925
http://www.irma-international.org/article/a-formal-knowledge-retrieval-system-for-cognitive-computers-and-cognitive-robotics/101317
http://www.irma-international.org/article/a-formal-knowledge-retrieval-system-for-cognitive-computers-and-cognitive-robotics/101317
http://www.irma-international.org/chapter/oppositional-differential-search-algorithm-for-the-optimal-tuning-of-both-single-input-and-dual-input-power-system-stabilizer/260052
http://www.irma-international.org/chapter/oppositional-differential-search-algorithm-for-the-optimal-tuning-of-both-single-input-and-dual-input-power-system-stabilizer/260052
http://www.irma-international.org/chapter/use-particle-swarm-optimization-techniques/67293

