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Abstract

Medical diagnosis systems have been widely applied to diagnesing,the symptoms)\of diseases,such as
cancer and diabetes. However, the analysis tools and methods are“insufficient for.identifying hidden
relationships in the symptoms of heart attack. Furthermoref the diagnesis of heart attack is a complex task
that requires precision and effectiveness. Many alterfiative methods have been suggested for medical
diagnosis in the healthcare domain. However, evaluating the functionality of heart attack diagnosis
systems remains challenging. Therefore, this study aims to,develop a system that.diagnoses heart attack
via fuzzy logic and evaluate the functionality of the propesed,diagnostic heart attack system. This study
contributes to the healthcare domain as thé,developed system ean, assist doctors in accurately diagnosing
when heart attack symptoms have afi ambiguous relationship: Therefore, the developed system will
decrease doctor’s workloads duringfeconsultations.
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. INTRODUCTION

At present, the use of traditionah, methods jof collecting information from patients at medical
centres is_slowlyadecreasing. Meanwhile, the use of computer technology in the fields of medical
diagnosis and treatment is significantly increasing [1]. In addition, data sizes are gradually
incréasing. Addressing these large amounts of data is a challenging task [2]. A regular database
is based on,Booleamilegic, in which the information is either completely true or completely false
[3]. Thus, the development of artificial intelligence methodology has been recognised as an
important requireément in complex problem-solving situations. Medical diagnosis is a particularly
effective example beealse of the complexity of the human mind and body, which results in a
limited and vague knowledge of their functions [4]. Furthermore, medical diagnosis is a process
of defining disease or explaining disorders with respect to symptoms and signs [5]. Diagnosis in
the medical context is frequently regarded as implicit. The appropriate data for diagnosis are
primarily obtained from the medical history and a physical examination of a patient.

Medical diagnosis is a complex task that requires precise and effective work. In addition,
addressing ambiguous information in classical database management systems is challenging.
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Finding convenient approaches for storing and managing human perception-based data, which is
often vague and uncertain, is important in regular database systems [2]. Technology helps
address problems of data inaccuracy, redundancy and loss. Furthermore, technology improves
data retrieval speed [3]. Technology also helps in identifying various diseases via medical
diagnosis. According to the World Health Organization [2], 12 million deaths occur annually
due to heart disease. This ailment is the primary cause of death of adults. In the United States,
50% of deaths occur due to heart disease, one person dies every 34 seconds due to this health
condition. Similarly, in other developed countries, heart disease is one of the main causes behind
death in adults [2]. To decrease the mortality rate of heart disease, medical practitioners must
diagnose it at an early stage [6]. An ambiguous data management experiencesin a database is
important in storing ambiguous data and avoiding missing ambiguous, information in the
database. Ignoring ambiguous data management results,_in the risk of losmg simportant
information, which may be beneficial for some applications:, A database that Supports
ambiguous, imprecise and uncertain information is called a fuzzy database,and based on fuzzy
logic and fuzzy set theory, which was introduceddy Zadeh in the, mid-1960s [7]. Fuzzy logic,
which refers to a group of many-valued logi€,,is used to solveamiscellaneous challenges,
including clinical diagnostics. Fuzzy logic facuses on approximate values_im place of fixed and
accurate values [2].

According to Zadeh [7], fuzzy logie'is an expansion of classicahlogic, which is based on Boolean
logic. A variable in fuzzy logicsan use an‘accurate value between 0 and 1 rather than using true
or false in traditional binapy“sets. Furthermore, fuzzy logic” delivers a method to make exact
decisions on the basis ofdimprecise and.@mbiguous input data. Generally, fuzzy logic is used for
applications in controlisystems because it closely resembles how a human makes decisions but in
a faster manner [3]. This paper is structured as follows: section Il discusses related work
concerning heart disease diagnosis; section IH reveals our proposed algorithm. Section 1V
demonstrates_implementation of designing/of fuzzy expert system along with result analysis.
Finally, section \V concludes the paper.

IlI. Related Work

Healthcare issues are a major concern. Thus, researchers have conducted many studies to
propose a system especially related to diagnosing heart disease. Lavanya et al. [8] designed a
fuzzy rule-based inference system for the detection and diagnosis of lung cancer. The dataset
was derived from domain experts and referred to symptoms, stages and treatment facilities to
provide a proficient and simple method for diagnosing lung cancer. Five variables were
selected, namely, weight loss, shortness of breath, chest pain, persistent cough and blood in
sputum. The diagnosis system was implemented via the software JADE and MATLAB.
Kadhim et al. [9] emphasised the design and implementation of a fuzzy expert system for
back pain diagnosis. The rules were established by experts, and the decision sequence was
illustrated by a decision tree. This system was developed using Visual Prolog 7.1. The
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variables used as input for this fuzzy expert system were body mass index, age, gender and
clinical observation symptoms.

Neshat et al. [10] implemented a fuzzy expert system for diagnosing liver disorders. The
authors studied two cases, namely, people with healthy livers and those with unhealthy livers,
and determined disease risk intensity measure. The fuzzy inference system was developed in
MATLAB. These approaches are developed systems that use fuzzy logic in diagnosing
disease. Most of them are based on a fuzzy inference engine via MATLAB, and one of them
uses Visual Prolog 7.1 and JADE. Anbasari et al. [11] proposed a genetic algorithm that
determines the attributes that contribute to the diagnosis of heart ailments, thereby indirectly
reducing the number of tests needed to be taken by a patient. Thirteen attributes were reduced
to six through genetic search. However, three classifiers, namely, naive Bayes, classification
by clustering and decision tree were used in predicting the diagnosis of patients ‘with,the
same accuracy as that with 13 attributes. The classifier (data'mining) was.the main method in
heart disease prediction. The researchers incorporated genetic search to enhance the
prediction of classifiers and used Weka 3.6.0 tools‘to conduct their'eéxperiment.

Taneja [12] described a classification model that sought to predict heart disease cases on the
basis of patterns generated from the International Cardiovascular Hospital database. This
study was conducted through two@pproaches. First, the \data used for this study were
collected from transthoracic echoeardiography reports of patients;” second, the classification
models were developed on a sizable datasety The researcher observed the system in real time
to understand the businessprocess, of theshospital, and a Microsoft Word file was used for
separate records of eachfpatient, thereby integrating the data. A database with variables of
interest was created,q/andthe values of each variable were recorded into the new database.
Hussain et al. [13] proposedha fuzzy logicsbased¢éhome healthcare system for chronic heart
disease patients (in stable eonditions) for: out-of-hospital follow-up and monitoring. The
study focused_on health monitoringythat proyvided 24/7 service. The authors efficiently used a
wearablegbattery-powered sensor unit and designed a fuzzy scheme model to diagnose the
healthgparameters of the patient.

Krishnaiah et alf'[14] reviewedsdata mining algorithms used for predicting heart disease. The
study aided‘future work in finding the optimal model by providing a fast and simple analysis
of different prediction models in data mining. Their work indicated that data mining tools can
answer trade questiomS that conventionally use much time in deciding, whereas fuzzy
intelligent techniques increase the accuracy of heart disease prediction systems. However, the
analysis showed that different technologies use different numbers of attributes in obtaining
results. Different levels of accuracy depend on the tools used for implementation.

Recently, Paul et al. [15] proposed a fuzzy decision support system for the prediction of heart

disease’s risk level using GAs. Using the preprocessed datasets, the model finds out the
knowledge in the form of decision rules using GA. The simulation results depict that better
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accuracy and considered to be more efficient in the heart diseases prediction is obtained by
the FDSS. For different selection methods, the system’s accuracy is almost 80% for different
datasets. Various studies give only a glimpse into predicting heart disease with ML
techniques. Diverse data mining approaches and prediction methods, such as KNN, LR,
SVM, NN, and Vote have been rather popular lately to identify and predict heart disease
[20]. The novel method Vote in conjunction with a hybrid approach using LR and NB is
proposed in this paper. The UCI dataset is used for conducting the experiments of the
proposed method, which resulted in 87.4% accuracies in the prediction of heart disease.

In 2019, Mohan et al. [21] propose a novel method that aims at finding significant features by
applying machine learning techniques resulting in improving the accuracy, in‘theyprediction
of cardiovascular disease. The prediction model is introduced with different combinations of
features and several known classification techniques. The "authors produce an enhanced
performance level with an accuracy level of 88.7% through the prediction model for heart
disease with the hybrid random forest with a linear model,(HRFLM).

I11.PROPSED ALGORITHIM

The proposed Fuzzy Logic Controllen,is designed using sMatlab fuzzy logic tool for Heart

Disease Diagnosis which consistsfof 8 Linguistic Inputs and produces 1 output:

A. Input and Outpuyt Parameters

Linquistic Input parameters

I Blood Pressure
I Serim Chelesterol
I3 Maximum Heart Rate

l4 Chest Pain Type
Is Fasting Blood Sugar

ls Resting Electrocardiographic Results
I7 Gender
s Age

Output parameters

@) Diagnosis of Heart Disease
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B. Proposed Algorithm

INPUT

Input the fuzzy set for Iy, Io, I3, 14, Is, Is, 17 and ls.

OUTPUT
Output the fuzzy set for O.

METHOD
Begin.
Stepl: Create input fuzzy set I1 (11, li2, lu3, l14), 12 (421, 2, 123, 124), 13 (131,082, 183), 14 (l41, a2, las,

144), 15 (Is1, Is2), s (61, l62, 163), 17 (171, 172), s (lad, ke2, ls3, l84) and output fuzzy set O (O1, Oz, Os,
0.).

Step2: Built the fuzzy numbers for input fuzzy set 11, 12,3,, Is, Is, 17, Is and output fuzzy set O.
Step3: Set the triangular membership function for the fuzzy sets:

Step4: Execute the fuzzy inferenee by Mamdani’s method.

Step5: Apply the merged rules {Rule 142...679}.

Step6: Compute the degree of similarity.among allsrules

Step7: Defuzzify it using centroid, method.

End

IV. IMPEEMENTATION AND RESULT ANALYSIS

Fuzzy logic approach has been adopted in this study to estimate the health conditions of patients
from their symptoms. There are four stages and seven steps involved in the implementation of

fuzzy logic approach. The stages are fuzzification, fuzzy rule base, fuzzy inference engine and
defuzzification. In this study, the data are obtained from UCI Machine Learning Repository:
Heart Disease Data Set [16]. Eight input parameters are considered as the patient’s symptoms,
namely, blood pressure, serum cholesterol, maximum heart rate, chest pain type, fasting blood

sugar, resting electrocardiographic results, gender and age as shown in Table I.
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TABLE I: Representation of Fuzzy Variables and Fuzzy Numbers

Fuzzy Reprfelséentation Fuzzy Reprﬁ:entati Fuz_lgy Triar_lgullar/
. of Fuzz on of Fuzz rapezoida
Variables Variablgs Numbers Numbersy Nupmbers
Low l11 [100 100 111 134]
Blood Iy Medium l12 [127 139 153]
Pressure High l13 [142 157 172]
Very High l14 [154 171 320 320]
Low 21 [40 40,151 197]
Serum I, Medium 22 [188215,250]
Cholesterol High I23 [217 263 307]
Very High l24 [281 347 681 681]
Maximum Low 31 [70 70100 141]
Heart Rate I3 Me(_jlum 32 [£11 152 194]
High I33 [152216 400 400]
TAntiga ls1 [012]
Chest Pain la ATAntiga l42 [123]
Type NonAntiga l43 [2 3 4]
Asynpt l44 [345]
Fasting | False Is1 [-101]
Blood Sugar > True I52 [012]
Resting Normal le1 [-0.5-0.5 0.1 0.4]
Flectrocard lo St-T abhormal lez [0.25 1 1.8]
F%esﬁ.ts Hypertrophy les [1.42252.5]
Female 171 [-101]
Gender 17 Male 72 [012]
Young ls1 [20 20 29 38]
Meditim ls2 [33 38 45]
Age le Old les [40 48 58]
Very Old M [52 60 100 100]
Healthy O [-101]
Diagnosis of Low Risk 02 [1152]
Heart @) Risk O3 [225 3]
Disease High Risk O4 [33.54]
Very High Risk Os [44.55]
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Rule Editor: Heart Attack Diagnosis -
File Edit View Options

1.If (5P is Low) and (CHL is Low) and (MHR is Low) and (CP is TAnging) and (Gender is F) and (Age is Young) then (DiseaseCondition is Healthy) (1) P
2.1f (8P is Low) and (CHL is Low) and {MHR is Low) and (CP is ATangina) and (Gender is F) and (Age is Young) then (DiseaseCondtion is Healthy) (1)

3. If (5P is Mecium) and (CHL is Low) and (MHR is Low) and (CP is TAngina) and (Gender is F) and (Age is Young) then (DiseaseCandition is Heathy) (1)

4. If (BP is Low) and (CHL is Medium) and (MHR is Low) and {CP is TAngina) and (Gender is F) and (Age is Young) then (DiseaseCondiion is Heathy) (1)

5. If (5P is Low) and (CHL is Low) and (MHR is High) and (CP is TAngina) and (Gender is F) anc! (Age is Young) then (DissaseCondition is Heathy) (1)

6. If (BP is Low) and (CHL is Low) and (MHR is Mecium) and {CP is TAngina) and (Gender is F) and (Age is Young) then (DiseaseCondiion is Heathy) (1)

7.1f (5P is Low) and (CHL is Low) and (MHR is Mecium) and (CP is ATangina) and (Gender is F) and (Age is oung) then (DiseaseCondion is Heaty) (1)
&.If (5P is Low) and (CHL is Low) and (MHR is Low) and (CP is TAnging) and (Gender is M) and (Age is Young) then (DiseaseCancition is Heatthy) (1)

5. If (BP is Low) and (CHL is Low) and (MHR is Low) and (CP is ATangina) and (Gender is M) and (Age is Young) then (DiseaseCondtion is Heatthy) (1)
[10.1f (BP is Medium) and (CHL is Low) anel (MHR is Low) and (CP is TAngina) and (Gender is M) and (Age is oung) then (DiszaseCondiion is Healthy) (1)
M1.1f (B is Low) and (CHL is Megium) and (MHR is Low) and (CP is TAngina) and (Gender is M) and (Age is oung) then (DissassCondiion is Healthy) (1)
12.1f (B is Low) andl (CHL is Low) and (MHR is High) and (CP is TAngina) and (Gender is M) and (Age is Young) then (DiszaseConcition is Heathy) (1)
N3.1f (B is Low) and (CHL is Low) and (MHR is Medium) and (CP is TAngina) and (Gender is M) and (Age is YYoung) then (DiseaseCondiion is Healthy) (1)
[14.1f (BR is Low) anel (CHL is Low) and (MHR is Mecium) and (CP is ATangina) and (Gencler is M) and (Age is Young) then (DiseaseCondtion is Heatiny) (1)
15.If (ECG is Normal) and {Gender is F) and (Ag is Young) then (DiseaseConcition is Heatthy) (1)

16.If (ECG is Normal) and (Gender is F) and (Age is Young) then (DiseaseCancition is Heatihy) (1)

17.1f (ECG is Normal) and {Gender is M) and (Age is Young) then (DiseaseCondition is Heathy) (1)

118.1f (ECG is Mormal) and (Gender is M) and (Age is Young) then (DiseaseCondition is Heathy) (1) S
It and anid and and andl
BPis CHLis MHR is CPis FES is
.
“Angina False = Norm
Medium Meium High ATangna True Hype
i Fign Hegiun — ST 1
very_High Very_High nong Asynpt
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Figure 1. Rule Base Editer

Rule Viewer: Heart Attack Diagnosis -
File Edit View Options

BP =210 GCHL =361 MHR =235 CP=23 FBS =03 ECG=1 Gender = 05 Age = 60

DizeazeCondition = 213

=
—

@R e -

=5

NN

|
|

les
=5}

Input Plot points: Move
[210360.5 235 2.5 0.5 1 0.5 60 101 Ieft

Help

Opened system Heart Attack Diagnosis, 679 rules ‘ ‘
Close

Ea
~— N AM

L 22-May-17

Figure 2. Fuzzy Rule Viewer

Performance Assessment Statement can be assessed based on the accuracy level. The True
Positive (TP) and the True Negative (TN) denote the correct classification. False Positive (FP) is
the outcome when the predicted class is yes (or positive) and actual class is no (or negative).
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Still, a False Negative (FN) is the outcome when the predicted class is no (or negative) and
actual class is yes (or positive). Table Il lists the various outcomes of a two-class prediction.
Accuracy is the proportion of the total number of predictions that were correct as shown by
following formula:

TN+ TP

A - x 1009
CCUraY = IN+ TP + FN + FP o

TABLE II: Different Outcomes of a Two-Class Predigtion

Predicted Class
Actual Class YES NO
YES True Positive (TP) False Negative (FN)
NO False Positive (FP) True Negativex(TN)

This system tested on 200 patient databases randomly [16]“and 89% accuracy haS been
achieved. Our experimental results are compared with Paul et al.’sialgorithm in Table 111 and
shows that the proposed system is more accurate‘as,compare to otherexisting expert systems.

TABLE I111: Comparison of Accuragy of Proposed Method with Previous Research

S. No. Authors Accuracy

1 Paul et al. [15] 80%
2 Bache and M. kichman [17] 84.5%
3 Duch et al. [48] 84%
4 Duch etal. [19] 82.8%
5 Rao et al. T20] 87.4%
6 Mohan et al. [21] 88.7%
7 Proposed Method using

i 89%

Fuzzy Logic

V. CONCLUSION

In order to diagnose,any-disease, the expert system developed by human may be a cheering way
out to reduce time, €ost, medical error and human efforts. In this paper, we have proposed Fuzzy
Logic based Expert System for the diagnosis of Heart Disease, most severe disease in the
present time. It makes use of the well known UCI database [16]. Through our implementation,
89% accuracy is achieved. Mamdani FIS in MatLab Fuzzy logic tool is used to design our
expert system.
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