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Motivation and Background

Cardiovascular disease (CVD) is a BeiEERaic eI Gy
prevalent issue in society and a © 000 i
leading cause of death. In LU ey
Australia, CVD accounted for a e
quarter of all deaths in 2019. CVD I
can often be prevented, including

by improving diet and exercise, so
it is important to diagnose before
an event (such as stroke) occurs.

Over the last 10
years, deaths have
been declining
thanks fo research info risk
factors, medications and
inferventions!

Kills around 40%
more males
than females’

Aboriginal and Torres \/\4
Strait Islanders die from
CVD at a higher rate

® than non-Indigenous
Australians?.

©®
Ny
@

The ElECtI’OC ardiogram (ECG) Figure 1: Statistics on CVD, from [1]
An ECG is a graph of the electrical signals produced by
the heart, and is obtained by placing the electrodes on the

Skin. PhYSiCianS use a é RR interval (distance between R-waves) é
number Of Waves and : ﬂ PP interval (distance between P-waves) ' ﬂ
points on the ECG to
diagnose heart disease, &= 1 1, s
. . P [_/T\ """ . M
as shown in Figure 2. m\-« s
ow20ms |+ S S

. . asanten Figyre 2: ECG waveform, from [2]
Machine Learning

Computers can be programmed to classify data. In our
case, this was to distinguish between different heart
diseases using ECG signals. Although each algorithm
operates differently, they follow the same general
process:

1. Pre-processing: filtering, noise removal, transforms;
2. Feature extraction: small set extracted from raw data;
3. Classification: of signal based on feature set.

Aim of the Project

The aim of this project was to investigate whether
machine learning can be used to teach a computer to
accurately distinguish between normal and abnormal
heart patterns, and even between different heart diseases.
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Collected ECG data contains noise. " |
and movement artifacts. Filtering ..
techniques, wavelet denoising,
and moment of velocity [3] were
used to clean up and/or
transform the ECGs prior to

classification.

Features Extraction

500 |/
|

T
LN ﬂ ,J‘l v,ﬂv*h r,' 'W)J hoA V
|

I
U

I
-J\le,

|
3000

AL

mmmmm

5000
sample

500 ! ! !
1] 1000 2000 3000 4000
1 T T T T
i Ll
1] ] ‘ T
Z 05
-1~
15—
> ! ! ! !
1] 1000 201 00 400

| 1|

.

T

pre-processing the data and using a suitable set of features.
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Figure 4: Filtered data
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Feature extraction involves isolatinga i | | |

handful of useful information from the = |
raw ECG data. It is needed to reduce the -
size of data input to classifiers, and
hence run time and classification
accuracy. Some useful features from
time domain and frequency domain
extracted including, wavelet
decomposition (Figure 5), beat-to-beat ..
variability, and time-frequency images

(Figure 6).

Machine Learning
A range of traditional machine learning *
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and modern deep learning algorithms I

were used to classity heart conditions.
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Figure 5: Wavelet Decomposition.
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Results

Three machine learning models have been tested, each with three pre-
processing and feature extraction techniques.

Our results show:

« The SVM classifier is not as effective as the CNN classifier or the
LSTM classifier;

* C(lassification results are greater when pre-processing is used betore
feature extraction; and,

* Wavelet denoising coupled with a CNN model produced the
greatest results of the methods tested.

For comparison, the LSTM classifier was used without any pre-
processing or feature extraction, i.e. the classifier used only the raw
ECG data to classify the heart condition. Not only did this take
significantly longer than the methods shown in Figure 7, but it
produced a low Fl-score of 0.507. This demonstrates the importance of

F1-score of Different Classifiers and Pre-processing Methods
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Figure 7: Performance of various Machine Learning techniques

Conclusion & Future Work

So, can we teach a machine to be a cardiologist? The answer is yes, it is
possible to enable the computer to accurately distinguish between
different heart problems.

Future development could include improving these results by
modifying the classifier, pre-processing and/or feature extraction
processes; or the model could be adapted to classify a greater range of

Figure 6: Time-frequency Scalogram image cardiovascular Conditions,
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