
 
Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted 

use, distribution, and reproduction in any medium, provided the original work is properly cited. 
 

 

International Journal of Engineering & Technology, 7 (4.10) (2018) 432-435 
 

International Journal of Engineering & Technology 
 

Website: www.sciencepubco.com/index.php/IJET 

 

Research paper 
 

 

 

 

A Fuzzy Rule based Expert System for T2DM Diagnosis 
 

A.D.Dhivya
1
, A.Felix

2*
 

 
1 Department of Mathematics, Loyola College, Chennai-34 

2Mathematics Division, Vellore Institute of Technology, Chennai-600 127 

*Corresponding author E-mail: felix.a@vit.ac.in 

 

 

Abstract 
 

Expert system is an intelligent system to captures the knowledge of a human expert in a specific area. It is capable to make decisions and 

dealing with ambiguous data. It is used to take an expert view in the absence of a human expertise. Moreover, it is not possible that eve-

ryone is expert in every field; to overcome this kind of situation, the expert system is called to handle the complex cases [7]. Due to non 

availability of the doctor, sometimes patient's life is in risk and lead to death due to not diagnose the disease properly as there are several 

diseases whose symptoms are quite similar in initial stage. Hence, the objective of this paper is to design the expert system for diagnos-

ing the diabetes to go for early treatment. 

 
Keywords: Linguistic term, Fuzzy number, Fuzzy Expert System, Diabetes.

 

1. Introduction 

One of the most significant applications of fuzzy logic is Fuzzy 

Expert System. Expert System is a branch of applied artificial 

intelligence, it is used to take an expert view in the absence of a 

human expertise. Due to the absence of expert in a particular field, 

FES will solve the real world complex problem. It was first intro-

duced by Kandel [5]. It is an intelligent tool and capable of mak-

ing decisions and dealing with ambiguous data [10]. FES are ap-

plied in many field, medical field is the most important among 

them. Recently, many researchers designed fuzzy expert system 

for diagnosing heart disease [1], prostate cancer disease [3]. Web-

based fuzzy expert systems are constructed, to deal with human 

disease diagnosis to overcome various difficulties [2], to predict 

the risk of diabetic nephropathy [9]. 

Moreover, soft computing fraternities constructed fuzzy assess-

ment methodology with MATLAB fuzzy logic tool box to diag-

nose and improve the accuracy of diabetes [4], expert system for 

all types of diabetes diagnosis based on rule-based [11], case-

based and rule-based expert system for type 2 diabetes mellitus 

management [8]. [7] studied the conception of an efficient fuzzy 

expert system to minimize the uncertainty effects in different sur-

veillance such as industrial diagnosis, medical diagnosis, video 

surveillance, economic domain, civil domain, software domain 

using MATLAB software. Fuzzy expert system and neuro-fuzzy 

system was derived for gestational diabetes mellitus diagnosis [6]. 

It is observed that each application has its own inputs and outputs. 

Thus, the developments of fuzzy expert system is specific for each 

treated problem. Hence, this paper constructs a new Fuzzy Expert 

System using Linguistic variable to diagnosis diabetes. 

2. Preliminaries 

 
Definition 2.1  

A fuzzy set A is a subset of a universe of discourse X, which is 

characterized by a membership function ( )
A

x
 
representing a 

mapping  0,1:
A

X  . The function value of ( )
A

x is called the 

membership value, which represents the degree of truth that x is an 

element of fuzzy set A .  

 

Definition 2.2  

A fuzzy set A defined on the set of real numbers R is said to be a 

fuzzy number and its membership function : [0,1]A R  has the 

following characteristics, 

(i) A is convex. 

 
 1 2 1 2(1 ) min( ( ), ( )),

A A A
x x x x          1 2, , 0,1 .x x x   

 (ii) A is normal if max ( ) 1
A

x  . 

(iii) A is piecewise continuous.  

 

Definition 2.3  

The α-cut of the fuzzy set A of the universe of discourse X is de-

fined as { / ( ) }
A

A x X x     , where  0,1  . 

 

Definition 2.4  

A triangular fuzzy number N can be defined as a triplet (l, m, r) 

and the membership function ( )
N

x is defined as: 

0

( )

0

N

x l

x l
l x m

m l
x

r x
m x r

r m

x r






    
  

 
      




 

Where l, m, r are real numbers and .l m r   
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Fig.1: Triangular Fuzzy Number 

 

Definition 2.5  

A trapezoidal fuzzy number A  can be defined as 

1 2, 3 4( , , , )a a a a and the membership function is defined as  

1
1 2

2 1

2 3

4
3 4

4 3

1 4

1
( )

0 0 & 0

A

x a
a x a

a a

a x a
x

a x
a x a

a a

a a



 
  

 
  

 
 

    
 

 

Where 
1 2 3 4, , ,a a a a are real numbers 

1 2 3 4.a a a a  
 

 

 
Fig. 2: Trapezoidal Fuzzy Number 

 

Definition 2.6   
Linguistic Variables and Hedges: [12,13] Linguistic variables are 

the root of fuzzy set theory. A linguistic variable is called fuzzy 

variable. The statement "Low Density Lipoprotein" is very high 

implies that the linguistic variable "Low Density Lipoprotein" 

takes the linguistic value "very high". In fuzzy expert systems, 

linguistic variables are used in fuzzy rules. 

3. Methodology  

This Fuzzy Expert System was designed in MATLAB tool with 

the help of  Dr.Sebastina (MBBS) from Sri Manakula Vinayagar 

Medical College (SMVNC), Pondicherry Kalitheerthalkuppam, 

Madagadipet, Pondicherry. This system has 1200 rule base, the 

linguistic term of five input variables and one output variable are 

represented by trapezoidal and triangular fuzzy number respec-

tively. 

3.1. Input Variables 

In this system, we have five input variables such as AGE, HDL, 

LDL, BW, PA, are given by Trapezoidal Fuzzy Number using 

classified linguistic variables. 

  

IV1-Age:  

It is classified into five linguistic variables are described as fol-

lows. Consider 
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Fig. 3: Classification of Age 

 

Lipoproteins:  
The two types of lipoproteins are HDL (Good Cholesterol) and 

LDL (Bad  Cholesterol). 

 

IV2-High Density Lipoprotein:  
HDL protects against heart disease by taking bad cholesterol out 

of our blood and keeping it from our building up in our arteries. 
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Fig. 4: Classification of HDL 
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IV3-Low Density Lipoprotein:  
It can build up on the walls of our arteries and increase our chanc-

es of getting heart disease. If our LDL is 175 or more, it is consid-

ered very high. 
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Fig. 5: Classification of LDL 

 

IV4-Body Weight:  
It refers to a person body weight; it can be modified by factors 

such as  gender, age, degree of muscular development. 
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Fig. 6: Classification of Body Weight (BW) 

IV5-Physical Activity:  
It is defined as any bodily movement produced by skeletal a mus-

cle that requires energy expenditure. Energy Expenditure balances 

the energy and weight control. It enhances the physical fitness and 

overall health and wellness. 
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Fig. 7: Classification of Physical Activity (PA) 

 

3.2. Output Variables 

 
In this system, the given output variable Health Condition are 

defined and classified into linguistic variables with interval and 

their membership function is given by Triangular fuzzy number. 

Health Condition: HC is classified into seven linguistic variables 

with interval and triangular fuzzy number are described as follows. 

Consider 
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Fig. 8: Classification of Health Condition 

4. Algorithm for the Fuzzy Expert System 

Step-1  
Here, n input factor Di , i = 1, 2, ..., n and m outputs Rj , j = 1, 

2,...,m. 

 

Step-2  
Divide the input factors Di , i = 1, 2,..., n and m outputs factors Rj , 

j = 1, 2,...,m  

into linguistic terms from the set 
1{ , ,..., }i i uS s s s  where 

ls and us are the lower and upper limits, , (0,1,..., )l u g  

 

Step-3  
Construct the suitable fuzzy membership function for each linguis-

tic terms Di, 

Rj using the available information. 

 

Step-4  
Develop p If-then rules with aid of expert's (Ei), i = 1, 2, ... , k 

Input- Fuzzy strings from Rp and the value of the parameter Di. 

Calculating the sting strength 
1 2p pw A A A     

Op= pth rule's consequent fuzzy rules. 

Output of the system = 

1

r
p p

p p

O w

w

  

Step-5 Final output would be the required impact. 

5. Results and Discussion 

In type 2 diabetes, when insulin isn't available, blood glucose lev-

els rise higher in the blood stream. Most of the people are living in 

India without knowing that they are affected with T2DM. Due to 

imprecise and vague, the diabetic factors cannot be predicted ear-

lier. Hence, this paper deals with five factors to find the actual 

health condition of diabetic individual's.  

Case 1: The input variables of first patient P1 are {(40, Age), (45, 

HDL), (135, LDL), (30.5, BW ), (60, PA)}. 

The linguistic string of concerned patient P1 is (Middle, Medium, 

Borderline High, Obesity, Enormously Effective) occurs at R608. 

The Rule R608 states that if Age Middle and HDLMedium and LDLBor-

derline High and BW Obesity and PA Enormously Effective then T2DM is Se-

vere. Hence, the patient P1 is affected T2DM in severe level with 

0.7 membership grade. 

 
Fig. 9: Fuzzy Rule Base 

6. Conclusion  

This present study designs Fuzzy Expert System for T2DM with 

Linguistic term and membership functions for input variables, 

output variables and 1200 rule base. This system has been con-

structed and tested with aid of medical practitioners. The proposed 

Expert system would assist the medical experts for early diagnosis 

of the disease and proceed the treatment to save one's life. 
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