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Abstract:

The prevalence of cardiovascular diseases continues to increase annually, with heart attacks constituting the most common
of these diseases. Diagnosis of heart disease (HD) is associated with significant challenges due to the high variability of
symptoms. Advances in wearable smart devices have facilitated the development of Internet of Things (loT)-based
healthcare solutions; however, designing a lightweight and efficient model for diagnosing heart diseases remains
challenging.

In this paper, a novel two-stage approach for classifying heart disease is presented. In the first step, an optimized nonlinear
support vector machine (SVM) is used to effectively separate classes. The second step uses a modified fuzzy logic system
to refine and improve the classification process. Electrocardiogram (ECG) signals are first preprocessed to remove noise
and smooth the data, then features including PQRS waveform characteristics, linear features, and mutual information are
extracted. The classification framework involves a two-stage learning process focusing on cardiac arrhythmias. In the
first step, each class is individually subjected to a binary classifier using the Wild Horse Optimization algorithm with
sigmoid thresholding (WHO-sigmoid-TH-NL-demarcation). The resulting outputs are then processed by a Takagi-Sugeno
(TS) fuzzy logic system optimized by the Giza Pyramid Construction (GPC) method for final decision making.
Evaluation on the MIT-BIH arrhythmia database shows the effectiveness of the proposed method; with average accuracy,
sensitivity and specificity of 98.58%, 98.13% and 96.47%, respectively. The implementation of this approach in the
MATLAB environment demonstrates its practical applicability and effectiveness.

Keywords: Heart Disease Diagnosis, Internet of Things (10T), WHO-sigmoid-TH-NL-demarcation, GPC-TS fuzzy logic,
MIT-BIH arrhythmia database, MATLAB.
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function [output] = fitnessfunction3D (w, X, Y)
W = w(1:(end-2));

out =(X.A3) *W(1:13)+(X.A2) *W (14:26)+X*W (27:39)’

out = 1. /(1+exp(-1*w(end-1) *(out-w(end))));
output = sum(abs(Y -out));
end
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function [val] = fuzzyfit (x, fis, X, Y)

fis.Inputs(1, 1).MembershipFunctions(1, 1).Parameters =
[x(1).0;

fis.Inputs(1, 1).MembershipFunctions(1, 2).Parameters =
[x(2).1];

fis.Inputs(1, 2).MembershipFunctions(1, 1).Parameters =
[x(3).0;

fis.Inputs(1, 2).MembershipFunctions(1, 2).Parameters =
[x(4).1];

fis.Inputs(1, 3).MembershipFunctions(1, 1).Parameters =
[x(5).01;

fis.Inputs(1, 3).MembershipFunctions(1, 2).Parameters =
[x(6).1];

fis.Inputs(1, 4).MembershipFunctions(1, 1).Parameters =
[x(7).0;

fis.Inputs(1, 4).MembershipFunctions(1, 2).Parameters =
[x(8).1];

fis.Inputs(1, 5).MembershipFunctions(1, 1).Parameters =
[x(9).01;

fis.Inputs(1, 5).MembershipFunctions(1, 2).Parameters =
[x(10),1];

fis.Inputs(1, 6).MembershipFunctions(1, 1).Parameters =
[x(11),0];

fis.Inputs(1, 6).MembershipFunctions(1, 2).Parameters =
[x(12),1];

fis.Inputs(1, 7).MembershipFunctions(1, 1).Parameters =
[x(13),0];

fis.Inputs(1, 7).MembershipFunctions(1, 2).Parameters =
[x(14),1];

fis.Inputs(1, 8).MembershipFunctions(1, 1).Parameters =
[x(15),0];

fis.Inputs(1, 8).MembershipFunctions(1, 2).Parameters =
[x(16),1];

fis.Inputs(1, 9).MembershipFunctions(1, 1).Parameters =
[x(17),0];

fis.Inputs(1, 9).MembershipFunctions(1, 2).Parameters =
[x(18),1];

fis.Inputs(1, 10).MembershipFunctions(1, 1).Parameters =
[x(19).0];

fis.Inputs(1, 10).MembershipFunctions(1, 2).Parameters =
[x(20),1];

output = evalfis (fis, X);

Ynew = round(output*10);

accuracy = mean (Y == Ynew); % calculated accuracy
val = (1-accuracy) *100;

end
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