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ABSTRACT

The volume of data generated by rapid technological progress
also on the rise is too fast, use, the selection of useful data and
its analysis of the issues that have been of interest to
researchers, obtain conclusive results due to the uncertainty of
this information to resolve these issues also are research
priorities. Forecast diseases, including the risk factors in the
selection of important and complex issues that concern is to
get the correct result is that Heart disease is no exception. In
this paper, using a fuzzy system a model is designed to predict
heart disease that using design rules based on medical science
works. By a physician, a series of rules designed, with this
rules and fuzzy systems a good model with more efficient for
predicting heart disease is presented. The proposed algorithm
is based on data obtained from several cardiac patients and
healthy individuals were tested in Tohid Hospital in Sanandaj
city, the proposed algorithm's accuracy from 95% in people
prone to heart disease to be identified with precision.
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1. INTRODUCTION

Expert systems and data mining a science that According to
given the large volume of scientific data in various fields,
including in the field of medical treatment and are widely
used. Fuzzy logic, artificial neural networks and genetic
algorithms are sub-Soft Computing, Soft Computing to a set
of new ways of computing in computer science, artificial
intelligence, machine learning and many other application
areas means.

The theory of fuzzy sets was proposed in 1965 by Dr. Zadeh
and found numerous applications in various sectors [20-25].
Each element has a degree of membership in binary logic zero
and one, while membership in the fuzzy logic element is
between zero and one. Soft computing and Fuzzy Systems for
various sectors led performance in recent years of the logic
used to predict heart disease[1-7].

S. Muthukaruppan “A hybrid particle swarm optimization
based fuzzy expert system for the diagnosis of coronary artery
disease” have offered [17]. They classify the factors of heart
disease and used Mamdani fuzzy inference system and have
used the triangular membership functions, their proposed
classification accuracy was 93.27 percent. vahid Khatibi and
colleagues study entitled "fuzzy inference engine designed to
assess the risk of coronary heart disease” did [11]. In their
study, the fuzzy algorithm is used, Risk factors for is
classified set by the doctors and fuzzy systems that have been
designed to have 89% accuracy.

V Krishnaiah and his colleagues in their study entitled
"Diagnosis of heart disease using fuzzy classification
techniques” used a combination of fuzzy techniques and k-
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nearest neighbor [13], they proposed algorithm accuracy was
83.7%, those of mathematics zadeh used, to remove the extra
data.

In this paper, to collect data, first search in the hospital
information software (HIS) of Tohid Hospital in Sanandaj and
were record numbers of heart patients, Since this study was to
assess the heart patients Kurdistan To collect the required
data, records of patients in Tohid Hospital in Sanandaj
extracted archive and Risk factors previously identified by the
consultant physician also noted that, The problem was that
patients were required to continue that risk factors have been
chosen as test LDL (bad fat), HDL (good fat) and CRP (a
protein that increases the heart's blood disorder) have are, But
not heart disease, such as to create rules or membership
functions require non-cardiac patients as well. Outpatients
perhaps had the tests but did not have a Dossier at the hospital
to go to for

Other risk factors, and this was a problem, And since there
was ever such a thing in the hospital, then to fix the problem
to the programmer HIS (hospital information software) was
referred.

In this study, risk factors, blood pressure, that sufficient. The
lower harmful fats is better, Unlike the harmful fat, good fat
the higher is better, CRP factor if the value of the fat is below
6 negative and positive means is greater than 6 and can even
go up to 200. The output of this system consists of two classes
- yes (of heart disease) and No (of heart disease)- is. The aim
of this study is that the data collected will be Tohid Hospital
in Sanandaj predict and Different learning algorithms run on
them and compare, and ultimately proposed an optimal
algorithm to important risk factors for developing heart
disease is found.

Fuzzy systems are briefly described in the second part. Then,
in the Third part of the proposed algorithm is fully detailed,
forms and charts described. In the fourth part with the data in
different systems with different volumes of run and
comparisons made. The conclusion of the study is given in
Section V.

2. FUZZY SYSTEMS

Fuzzy system is a system that is modeled phenomena in the
form of fuzzy sets.

These systems are based on knowledge and sophisticated
systems in place, to be classified. Fuzzy systems have been
defined on the basis of which they can be fuzzy/defuzzy
system noted. In this system that fuzzy rule base, After the
fuzzyfication of the input data with the fuzzy inference
system, Fuzzy Inference Engine using inference rules
extended to apply appropriate rules of the input data is a set of
fuzzy rules and Fuzzy result defuzzier returns it to the final
output. The combination of rules and regulations for each of
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the two approaches could be combined results from the union
or the issue of benefit sharing.

Linguistic variables; in the final set of variables can take
different amounts of numbers. Fuzzy sets can be varied in
addition to different numbers, different values accept
language. If the variable can accept the terms of a natural
language as a variable called language. The advantages of the
theory of fuzzy linguistic terms by fuzzy collections.

Approximate Reasoning; every argument involves a prayer
that could be valid or invalid and the two types is comparative
and Inductive. Rules of inference arguments are acclaimed for
the

Propositions hold. Despite the uncertainty in the space of
fuzzy sets has caused arguments are not definitive encounter
with approximate reasoning.

Membership function; uncertainty in a fuzzy set can be solved
by membership functions. The membership value of a member
such as x in the functions between 0 and 1. This means that a
function get an entry such as the x and it’s the interval [0,1]
defines. The following are two types of membership functions
of triangular and trapezoidal noted that the most used,
Triangular membership function is defined by Equation 2 and
Equation 3 is defined as a trapezoidal membership function:

( 0 if x<a

X—a
T if x€(,b)
A¥) | c—x "
—m if xe(bo)
0 if x>c

Equation 2 - triangular membership function

0 ifx#+m
SG[x) {1 ifx=m

Equation 3 - Singleton membership functions

In the proposed system of Mamdani fuzzy inference system is
used, this system in 1975 by Mamdani for fuzzy control
system for the steam engine was first introduced at the
University of London. He has a set of rules used to express
the human experience in his system. More modern fuzzy
control system of a set of rules defined by Mamdani made.
Also in this article through the center of gravity to Defuzzy
the system is used.

3. THENEW SYSTEM FUZZY
PROVIDED TO PREDICT HEART
DISEASE

After pre-processing of data collected Enter to fuzzy systems
are designed and then the decision will be based on output,
how preprocessing and the decision will be discussed later in
this. (figure 1).

International Journal of Computer Applications (0975 — 8887)
Volume 138 — No.4, March 2016

Data
Preprocessing

Patient’s

Data

ndyniy
-
g

Fuzryfication

Defurryfication

Fuzzy Rule Base on

Memibership finction

Figure 1 - The overall shape of the propsed algorithm
3.1 Identify and classify risk factors

After consultation with the medical team advisor was decided
that the factors listed in Table 1 is extracted from the patient's
dossier:

Table 1 - Categories of risk factors

Risk Factor Rank
Age Young 15-30
Med 30-50
Med-Old 50-65
old 65 YL
Sex Male
Fmale
HDL Normal >50
Low 30-50
Very Low <30
Smoking yes
no
CRP Negative <6
Positive >6
Diabet yes
no
Physical yes
Inactivity(PI) no
Family yes
History(FH) no
Blood Pressure Low <10
(BP) Normal 10-14
High 14-16
Very High >16
LDL Normal <100
High 100-130
Very High 130-160
Danger >160
Paste History yes
(PH) no
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3.2 Description of the algorithm
The proposed algorithm consists of 4 steps that will be
explained below. The data collected in Step 1 is read.
Duplicate and out-of-range data are corrected and Empty
fields are filled and if the record is a lot of empty fields that
record should be removed, In phase 2 data from the pre-stage
be given to fuzzy system is to be processed. In this paper,
fuzzy systems, including 7 inputs and one output. In phase 3, L3
fuzzy output compared with a threshold value and the final
result is obtained. in step 4, the threshold obtained from the
third step is compared with the fuzzy output and Based on
the patient's class is determined and it is determined that the

Low  Momal  High VeryHigh

e

I \

M/ I\l \
patient is a heart patient or not. Risk factors are a lower = =
priority should have been removed to a more important risk 5 10 15 bl 2 0
factors apply fuzzy systems. Risk factors are listed in Table 2. Figure 3 - The definition phase blood pressure
Table 2 - Risk factors finalized and ready for input to he
proposed fuzzy system ol i e
Age l — 7 \
Young 15-30 Med 30-50 Y
Med-Old | >65 old >65 \ [ \
B-P \ ;‘J |/ \
Low <10 10-14 Normal \ \
High 14-16 >16 Very-High 1 \ ,/ \/ \
LDL \\ / V \
Normal <100 High 100-130 \ [ )
Very-High 130-160 y /\ \
Smoke I\ / 'L \
No ‘ Yes ! L | )
F-H 5 0 e N il
No | 05 [ Yes [ 510 _ |
Sox Figure 4 - The definition of harmful fat phase
Female ‘ 0-5 ‘ Male ‘ 5-10 Age, consists of four levels and is defined as a trapezoidal
OutPut mem_bersh_ip function. Blopd pressure co_nsists o_f four levels
and is defined as a trapezoidal membership function. Harmful
No ‘ 0-05 ‘ Yes ‘ 0.5-1 fats, the three levels and a trapezoidal membership function is
used to define it. History of diabetes, the two levels of
Membership functions of the system are shown in Figures 2 to

membership function sigmf been used to define it. Output, the
6. System According to the inputs and existing rules in the output of two members of the "yes” and "no" and the
rule base gives the output is required. membership function is defined sigmf.

3.3 Defined system rules

Yoy Wl O Vel Number 56 rules defined in the system, the uncertainty was
| L ) ! modeled in assessing the risk of heart disease that some of
' ) / \ these rules are shown in Table 3.
| \
‘! ! ! / '\\ Table 3 - Some of the proposed rules
.“f \ \‘-\ 1 If( Age is Young)and(Smoke is yes)and(BP
05 1 | / \ is High)and(LDL is Very-High )and(F-H is
' I ‘ "\\ yes)and(DM is yes)and(Sex is F)Then
i /
Y,

‘ \ (Heart is Yes)
\/

’ \ 2 If(Age is Young)and(Smoke is yes)and(BP
JI ‘ A \ is High)and(LDL is Very-High )and(F-H is

\ yes)and(DM is yes)and(Sex is M)Then
- - (Heart is Yes)
120 3 If(Age is Med)and(Smoke is No)and(BP is
0 i fl il 00 Normal)and(LDL is High)and(F-H is
Figure 2 - fuzzy definition of age yes)and(DM is yes)and(Sex is M)Then

(Heart is No)

The fuzzy system to compare and enhance the relationship
between the input and the output can be used from the Surface

Chart, Figures 1 and 2 show some diagrams Surface of the
system:
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In Figure 8, the output based on input blood pressure and
harmful fats have been shown, As can be seen by increasing
the amount of each of the two input increases the likelihood of
heart disease, For example, high levels of harmful fat around
130 and the blood pressure values of the top 16 around the
output value is closer to 1, In amounts less than the
probability of disease is said to be close to zero. In Figure 8,
we see that blood pressure and heart disease are likely to have
a direct relationship with age, As can be seen with increasing
input values increases the likelihood of heart disease, About
variable blood pressure at higher doses for age 12 and older
than 50 years about the value of the output value is closer to 1,
In less than said amount is zero probability of disease.

Figure 7 - charts the relationship between blood pressure
and harmful fats

Figure 8 - charts the relationship between blood pressure
and age

3.4 Read input files and apply fuzzy system
Nexus 4 Gives seven input to the fuzzy files, this input in
the fuzzy system are evaluation, And using membership
functions and limits defined for which the rules are applied on
They and The result puts x in output, the result is a number
between zero and one. Based on the output fuzzy should
classes be determined, Records in the class "yes" are that
fuzzy result of them is greater than the threshold and records
in the class "no" are that fuzzy result of them

is less than the threshold.
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For i<-1:n
FR(i) = evalfis([Inputs],fismat);
End

Nexus 4 - input fuzzy system

If FR(i)>= Bound & 1C=2
Then Compare(i) <- 2
End

If FR(i)<Bound & IC=1
Then Compare(i)<- 1
End

If Compare(i)=IC

Then Result <- Result+1
End

Nexus 4 - specify the number of classes foreseen Field

In Nexus 5, IC variable indicates the patient is sick or healthy.
Results and tests, algorithm with Six data series by fuzzy
algorithm by comparing the was intelligent was implemented,
Then apply the algorithms and see the results. Compare
intelligent algorithm was tested for 6-series data, The result is
shown in Diagram 1, Precision algorithm for 10 patients 70
percent, to 100 patients 80 percent, 82 percent for the 200
patients, for 400 patients percent, 89 percent to 500 sick and
95 percent for 1000 patient that’s mean The accuracy of the
proposed algorithm with the number of cases rises, From this
it can be concluded that the number of cases rises learning
capability of the proposed algorithm is also on the rise. In
each column with a colored graph and in the beginning we see
that in the number of patients percent gradient algorithm
increases accuracy but the dip in the number of patients is
low.

100 T/\

z
& 80 - W 10 case
>
§ 60 - W 100 case
€ n
£ 40 - 200 case
é::o 20 - M 400 case

0 B 500 case

M 1000 case

Number Of Patient

Diagram 1 - fuzzy algorithm test results
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Diagram 2 — compare proposed algorithm with other
algorithms with this dataset

Compare the proposed algorithm with other algorithms, This
data set with a series of other algorithms was tested using the
software Weka and The results were compared with the output
of the proposed algorithm, The result is shown in diagram 2,
The accuracy of prediction algorithms have been shown in this
graph, Above all, they last cylinder, which refers to the
proposed algorithm is 95 percent, Placed second on an
algorithm that is nave bayes, And other algorithms in the next
orders placed, Of course, this does not mean that other
algorithms are not suitable but for this job haven’t good
accuracy. The proposed algorithm has been compared with
previous works, Compared with previous work done on the
proposed algorithm is shown in Table 4.

Table 4 - Comparison algorithm with Previous works

Author Method Accuracy - the
percentage
Sellappan Method1 86.53
Palaniappan[19] Method2 94.93
Jesmin Nahar[18] Method1 83.83
Method2 84.89
Method3 76.90
Method4 83.50
R. Chitra[3] His proposed article 81
Vahid Khatibi[11] | His proposed article 89
V.Krishnaiah[13] His proposed article 83.7
This paper The proposed 95
approach

4. CONCLUSION

In this paper, we propose a new algorithm with the idea of
fuzzy systems for Predict heart disease patients in Tohid
Hospital in Sanandaj In order to increase forecast accuracy
and in order to study the patients were in the hospital was
presented. How it was that information was extracted from the
patient’s Dossier and sorted so it can be into the fuzzy system.
The fuzzy algorithm system has seven inputs and one output,
inputs the number of risk factors involved in heart disease and
Output has two values: "Yes" and "No", input Was given to
fuzzy system and if the fuzzy result

is greater than the threshold record in the class "yes" and If it
is less than the threshold class "No" is placed.
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