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APRESENTAÇÃO

A obra “Engenharia na Prática: Importância Teórica e Tecnológica” contempla 
vinte e oito capítulos com pesquisas relacionadas a diversos temas da engenharia. 

Os estudos refletem a teoria obtida em livros, normas, artigos na prática, 
verificando sua aplicabilidade.

O desenvolvimento de novos materiais e a utilização de novas tecnologias 
partem de estudos já realizados, o que garante desenvolvimento nas diversas áreas 
da engenharia, gerando novas alternativas. 

O estudo sobre o comportamento de materiais permite o aperfeiçoamento 
de materiais já existentes e proporciona uma otimização na execução de novos 
projetos. 

O uso de energia limpa também é um tema muito abordado, tendo em vista a 
necessidade de otimização de recursos naturais.

Esperamos que esta obra proporcione uma leitura agradável e contribua para 
a geração de novos estudos, contribuindo para o desenvolvimento tecnológico.

Franciele Braga Machado Tullio
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ABSTRACT: Atrial fibrillation is a common 
heart disease and it reaches between 1.5% 
to 2% of the global population. It occurs when 
different spreading patterns emerge in the 
atria electrical activity and it can affect the 
pulse by changing the heart beat to irregular 
and faster pulsation. The Electrocardiogram 
(ECG) represents the heart electrical activity. 
It is divided in waves that receive letters 
names. The P wave represents the atrial 
cells depolarization. During atrial fibrillation, a 
wandering baseline takes place of the P wave. 
Despite the symptoms such as palpitations, 
sudden tiredness, dizziness, discomfort in 
breathing, patients can live with the disease. 
But after years, it can lead to complications 
such as systemic thromboembolism and it 
can cause a stroke. The diagnosis of atrial 

fibrillation requires the medical confirmation of 
his electrocardiogram records. As atrial activity 
occurs independently of ventricular activity, 
the proposed algorithm  aims to analyze and 
characterize atrial fibrillation cancelling the 
ventricular activity from ECG. Thus, it will be 
possible to observe only the atrial activity after 
removing the QRS complex and the T wave. 
Since P wave is synchronized with the atrial 
contraction, it is possible to detect the atrial 
fibrillation and analyze its behavior. In order 
to evaluate the algorithm performance, ECG 
waves from healthy patients were collected 
from Physionet database plus a simulated AF 
and tested in MATLAB R2012b environment.
KEYWORDS: Atrial Fibrillation, Atrial Fibrillatory 
Signal, Signal Processing, ECG.

ESTIMAÇÃO DE PARÂMETROS DO 
SINAL ATRIAL FIBRILATÓRIO NO 

ELETROCARDIOGRAMA
RESUMO: A fibrilação atrial é uma doença 
cardíaca comum e atinge entre 1,5% a 2% da 
população global. Ocorre quando diferentes 
padrões de onda surgem na atividade elétrica 
dos átrios e pode afetara a pulsação alterando 
o batimento cardíaco torna-se irregular e mais 
rápido. O eletrocardiograma (ECG) representa 
a atividade elétrica do coração. É dividido em 
ondas que recebem nomes de letras. A onda 
P representa a despolarização das células 
atriais. Durante a fibrilação atrial, ocorre uma 
linha de base errante da onda P. Apesar dos 
sintomas como palpitações, cansaço repentino, 
tontura, desconforto na respiração, os 
pacientes podem conviver com a doença. Mas, 
após anos, pode levar a complicações como 
tromboembolismo sistêmico e pode causar um 
acidente vascular cerebral. O diagnóstico de 



 
Engenharia na Prática: Importância Teórica e Tecnológica Capítulo 11 114

fibrilação atrial requer a confirmação médica através do ECG. Como a atividade atrial 
ocorre independentemente da atividade ventricular, o algoritmo proposto visa analisar 
e caracterizar a fibrilação atrial, cancelando a atividade ventricular do ECG. Assim, 
será possível observar apenas a atividade atrial após a remoção do complexo QRS 
e da onda T. Como a onda P está sincronizada com a contração atrial, é possível 
detectar a fibrilação atrial e analisar seu comportamento. Para avaliar o desempenho 
do algoritmo, as ondas de ECG de pacientes saudáveis   foram coletadas no banco de 
dados Physionet mais uma FA simulada e testado no ambiente MATLAB R2012.
PALAVRAS-CHAVE: Fibrilação atrial, sinal atrial fibrilatório, processamento de sinal, 
ECG.

1 |  INTRODUCTION
Atrial fibrillation (AF), among heart diseases, is the most common arrhythmia, 

affecting 1.5% to 2% of the general population (MOREIRA AND HABIB, 2001; 
FONSECA, et al., 2011). AF occurs when there are multiple wave fronts wandering 
in the atria with different propagation patterns. This affects the ventricles, the 
heartbeat becomes irregular and usually faster. Thus, in place of the P wave of the 
electrocardiogram (ECG), which represents atria depolarization, there is a floating 
baseline. Despite symptoms such as palpitations, tiredness, dizziness, discomfort 
to breathe, the patient is able to live with the disease. But over the years, AF can 
lead to complications, such as systemic thromboembolism, which can cause stroke 
or thrombosis.

The ECG is used to diagnose AF, but not to analyze and choose the 
cardiologist’s daily treatment. There are studies that demonstrate that it is possible 
to explore the information contained in fibrillatory waves using computational 
techniques. As atrial activity occurs independently of ventricular activity, one way 
to analyze and characterize the disease is to cancel ventricular activity, in order to 
observe only atrial activity.

The motivation for this research arose from the need for cardiologists from 
Institute Dante Pazzanese of Cardiology, to monitor patients with AF. In order to 
extract useful clinical information on this disease, this work presents a tool that 
characterize the atrial fibrillatory signal through the peak intervals of fibrillatory 
waves, the atrial activity amplitude and the dominant spectral peak. 

2 |  MATERIALS AND METHODS
The program was developed in MATLAB environment (R2012b, MathWorks 

Inc., Natick, United States) through the following steps: a) detection of the R peaks 
of the ECG based on the idea proposed by Pan and Tompkins (1985) and Souza 
et al. (2014); b) ECG filtration to attenuate noise with the 4th order Butterworth 
bandpass filter with cutoff frequency between 0.05Hz and 50Hz; c) detection of QRS 
complexes and T waves from R peaks and inflection points; and d) suppression 
of ventricular activity with the ABS (Average Beat Subtraction) technique where a 
model QRST complex, obtained with the arithmetic mean of the QRST complexes of 
the ECG signal, is subtracted from each QRST complex of the ECG resulting in atrial 
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fibrillatory waves (STRIDH AND SÖRNMO, 2001). 

Figure 1. Atrial signal hidden by the ventricular activity before ABS technique applied.

In order to characterize the residual fibrillatory atrial activity, a peak detector 
(the same one used to detect the R peaks) was applied to obtain the peak intervals 
of the fibrillatory waves, the identified peaks and the minimum values   between these 
peaks was used to calculate the mean amplitude of atrial activity.

Figure 2.  Residual Atrial ECG after ventricular activity suppression technique applied.

Finally, Fourier analysis was applied to obtain the power spectrum and thus 
the dominant spectral peak. To check the program, ECG signals from healthy patients 
on the Physionet website of the MIT-BIH Normal Sinus Rhythm database are being 
used, plus a simulated AF through a sinusoid and its harmonics with non-stationary 
behavior (PAN AND TOMPKINS, 1985; UEBELHART et al., 2013).

3 |  RESULTS
The methodology used for the R peaks detection, QRS complexes and T 

waves, filtering and suppressing ventricular activity was considered adequate for the 
moment. As all stages are being evaluated from a known AF, it is possible to state 
that the results for characterization of fibrillatory atrial signal have shown a promising 
technique to explore the information carried by the ECG fibrillatory waves. 
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4 |  CONCLUSIONS
The fact that the fibrillatory atrial signal is known on the simulated ECGs 

allowed a study of the performance of the QRST cancellation with the ABS method. 
The characteristics extracted from the residual atrial signal obtained after cancellation 
of ventricular activity can be compared to simulated atrial fibrillation.
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