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Frequency Analysis for Surface Electrocardiogram Of Atrial Fibrillation
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This paper presents the behaviour of the dominant frequency of the electrocardiogram (ECG) signal for
atrial fibrillation patients before and after preprocessing. The preprocessing method (QRST subtraction) is
useful to obtain a clean atrial signal before performing frequency analysis. The QRST subtraction was
performed and the dominant frequency before and after QRST subtraction was compared. This study

demonstrates a positive result with this technique in comparison with another established technique.
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1.0 INTRODUCTION

Atrial fibrillation (AF) is one of the arrhythmias, which means
irregularities of heart rhythm. Arrhythmia is divided into two
categories: AF and VVF (ventricular fibrillation). AF indicates the
irregularities of rhythm within the atrium of the heart, whereas
the irregularities are within the ventricular part with VF. The
cause of AF is that the electrical pulse that should be initiated at
the sinoatrial node (SA node) is not started at that particular point,
but is instead started at several other points within the atrium,
causing the atrium to fibrillate and not beat normally. This causes
the blood in the atrium (right and left) to not be completely
pumped into the ventricle part (right and left). This is illustrated
in Figure 1. The normal heart rate is between 60-100 beats per
minute; the heart rate with AF is between 100-175 beats per
minute [1, 2].

Figure 1 Normal and abnormal electrical pathways!?!
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At the SA node, the approximation of normal firing rate is 60—-80
per minute during rest and 180-200 per minute during peak
exercise. However, the abnormal firing rate is around 400 per
minute and can reach 600 per minute [3]. This is because the
pulse is no longer initiated at one point (SA node) but at several
points around the atrium. However, the abnormality is based on
the pattern of the patient’s heart itself and not at a fixed rate. Thus,
the range of frequencies evaluated in this study were between 4
and 10 Hz, although is the frequency range was not yet
standardised.

According to research conducted by American Medical, the
prevalence of AF increases at older age (more than 55 years old)
and men have a higher risk for AF compared with women [4].
However, people who are aged above 80 years have a higher risk
compared with those who are 55 years old.

H2.0 METHODOLOGY

Electrocardiography is a method to record the electrical activity
in the heart using electrodes placed on the body surface. The
recorded electrocardiogram (ECG) is used for diagnosis of heart
condition [2]. Figure 2 shows standard fiducial points on an ECG
trace. PQRST represents different phases of electrical activity in
the heart. The P wave indicates the depolarisation of atrial
muscle; the QRS complex represents the depolarisation of
ventricular muscle; and the T wave represents the repolarisation
of ventricular muscle [2]. However, the acquisition of an ECG is
an indirect method (surface of the body), with various kinds of
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noise generated by the equipment and movement of the human
body. Hence, the signal needs to be filtered to reduce the noise.
The filter used in this study was a low pass filter, due to its ability
to reduce noise such as muscle noise and power line interference.
The signal from the ECG wave was transformed into the
frequency domain by performing Fast Fourier Transform (FFT)
with frequency resolution 0.29 Hz.
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Figure 2 Electrocardiogram recording showing standard fiducial points
(PQRST wave)®

Figure 3 shows the methodology implemented for frequency
analysis of AF ECG signal for five patients. First, the data were
loaded into MATLAB and displayed as graph voltage versus
time. On the graph, we were able to locate the PQRST point
roughly. The next step was to transform the obtained signal (time
domain signal) into frequency domain signal using the FFT
technique.
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Figure 3 Workflow of Electrocardiogram (ECG) signal processing

QRST wave detection was performed using Pan Thomkin’s
algorithm while flat interpolation was used to replace QRST
signals. The signal after QRST subtraction was then transformed
into frequency domain signal using the FFT technique. The

spectra before and after QRST subtraction were compared and
analysed.

3.0 DOMINANT FREQUENCY ANALYSIS

The analysis of uncoordinated AF ECG signal cannot be
performed using time domain analysis due to certain limitations.
Thus, researchers have used frequency domain analysis as
another option in an attempt to overcome the limitation [5]. The
FFT is crucial for transforming the signal from time domain to
frequency domain. It is able to decompose the continuous signal
to a sum of weighted sinusoidal function, which is then adapted
for digital signals. The ECG wave is a complex form of wave due
to its analogue pattern, which makes it difficult to analyse using
time domain analysis. Beside using FFT, there are several
proposed methods for obtaining the domain frequency of ECG.
However, for this research, FFT was chosen due to its high speed
compared with other methods, such as Blackman Tukey (BT),
Autoregressive (AR), and Multiple Signal Classification
(MUSIC) [6]. Ng and Goldberger has found that the dominant
frequency (DF) is the highest peak of frequency in the magnitude
spectrum and all the other peaks are called the harmonics [5]. The
way to obtain a better DF is by executing a preprocessing step on
time domain to obtain the raw signals that resemble a sinusoidal
wave. DF analysis has been used to detect rapid activation within
the atrium of the heart. Normally, typical ECG can have a very
sharp biphasic waveform due to rapid depolarisation taken either
from bipolar or unipolar electrode configurations. A few
preprocessing steps are required for these types of signals to
obtain clean atrial signals. These steps include:

1. Band pass filtering

2. Low pass filtering

3. QRST detection using adaptive threshold
technique

4. QRST subtraction using flat interpolation

FFT was then applied to the clean signals to estimate the DF
before and after QRST subtraction.

4.0 RESULTS AND DISCUSSION

Figure 4 shows the normal ECG signal in the time domain and
frequency domain. The frequency sampling for normal ECG was
360 Hz, while for the AF ECG it was 1200 Hz. Since the signal
in time domain could not be directly interpreted, we used the
information from the frequency domain (Figure 4b) for the
analysis. Normally, for normal ECG, the DF is within the range
of 1 to 2.5 Hz. The DF represents the activation rate within the
atrium while the other peak is the harmonics of the graph that
shows that the original signal had periodicity [5].



11

Anita, Salinda & Nurhamizah / Jurnal Teknologi (Sciences & Engineering) 64:5 (2013) 9-12

ECG signal
1.4
12} B
5 |
0.8 &
o 08 -
= pa B
0.2 1
5 -M.M ﬂ;\ ) ﬂM Jdl ‘Mﬂﬁ |
oz} N
0.4
o 1000 2000 3000 4000 5000 6000 7000
Samples
B
12000
-
_— S |
8000 |
=
= 6000
2
4000 | -
| A f\/\A |
e ] AR i e i s
0 1 - 3 4 5 153 T 8
Frequency

Figure 4 (a) Time domain of normal electrocardiogram (ECG) signal,
(b) frequency domain of normal ECG signal

All five patient’s data were processed as shown in the flow
chart (Figure 3). The DF was obtained for all patients. This
ranged between 4-10 Hz due to an abnormal firing rate, as
discussed in section 1.0.

Figure 5 shows the power spectral density using FFT before
and after QRST wave subtraction, with its DF. In general, the
power of harmonics was reduced after QRST subtraction.
Harmonics can be of any amplitude; they usually become smaller
as they increase in frequency (sharp edges result in a higher
frequency).

Fooo

[={uulu]

s000

4000

Power

3000

2000

1000

Power
b
a
a

Power spectral Density via FFT before ORS-T wawve subtraction

i 9.668
w5945

5 10 15 20 25 30
Freguency

Patient 1: before QRST subtraction

Power spectral Density via FFT after ORS-T wave subtraction

-
M 5.496
o TTAZ

s 10 15 20 25 S0

Frequency

Patient 1: after QRST subtraction

Fower

Foer

12000

Power spectral Dansity via FFT bafore ORS-T wave subtraction

AL
Patient 2: before QRST subtraction
Patient 2: after QRST subtraction

Power

Paner

Paisr

s000

A

Frequency

Patient 3: before QRST subtraction

Power spectral Density wia FFT after SIRS-T wave subtractian

7nnn

5000

snnn

4000

Annn

praT

1nnn

/v\/'\ff\ﬂ//\/\v\/\j
Patient 3: after QRST subtraction

Power spectral Density via [TT before QRG-T wave subtraction

»8.a7s

AP

20 25 ao

Al

Freaqueney

Patient 4: before QRST subtraction

o 10



12 Anita, Salinda & Nurhamizah / Jurnal Teknologi (Sciences & Engineering) 64:5 (2013) 9-12

Powor spectral Density via FET aftor GRS T wave cubtraction

3500

oo |- -

2500 | -

2000 | -

e

=
1500 | Rz

1000 | -

o E 10 15 20 25 30

Patient 4: after QRST subtraction

e Power spectral Density via FFT bafora GRS-T wave subtraction

i 1 6Ge-005

Patient 5: before QRST subtraction

« 0" Power epactral Density via FFT aftar ORS-T wave subtraction

4102
EXRS % LbGennn -

Fower

Patient 5: after QRST subtraction

Figure 5 Power spectral density via Fast Fourier Transform (FFT) before
and after QRST wave subtraction with its dominant frequency for five
patients

The dominant frequencies before and after QRST
subtraction are summarised in Table 1.

Table 1 Dominant frequency (DF) before and after QRST wave
subtraction

Patient DF (before DF (after subtraction),
subtraction), Hz Hz
1 9.668 8.496
2 8.496 8.496
3 5.859 6.445
4 9.375 9.375
5 4.102 4.102

With the DF of all patients, the signal was in a chaotic form,
showing that it was not only the DF that had high amplitude but
other points of the frequency also had high amplitude. This means
that several other regions that had reentry pulses existed in the
atrium. Cases have been reported in which the DF does not occur
in the left atrium; it can also be at the pulmonary vein or in the
area of the right atrium [7,8]. Although we could not locate the

exact point of the rotor, we know that within this range, the rotor
resides in either the right or the left atrium, or both.

The results for patient 2, patient 4, and patient 5 (before and
after QRST subtraction) showed that the DF was located at 8.496
Hz, 9.375 Hz, and 4.102 Hz, respectively. Although the patterns
were largely different, the location of the DF was the same before
and after subtraction. It seems that subtraction of the ventricular
signal does not affect the overall signal for patient 2, patient 4,
and patient 5.

5.0 CONCLUSION

For AF ECG, the DF area of atrium that have a higher activation
frequency than other regions, suggesting that these areas may be
the drivers that maintain AF. As shown in Table 1, we observed
DFs with a different frequency for before and after QRST
subtraction and also those that remained at the same frequency
before and after QRST subtraction. There are several causes for
the DF to remain the same before and after QRST subtraction. It
is possible that the particular point of activation rate happens at
the same DF. Thus, the differences could not be seen clearly. In
reality, the pattern of ECG for each patient is unique and this also
contributes to imperfections in the detection and subtraction
process, which lead to the introduction of a small error in
frequency domain analysis. As an example, the subtraction
process for patient 5 involved only QRS subtraction, with no T
subtraction. We were unable to detect and subtract the T wave
because it could not be seen clearly from the time domain.
Therefore, we can consider this as imperfect cancellation and
shows the same frequency for both cases.
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