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Abstract 

Diabetes Mellitus disease is one of the leading causes of death in the world. From year to 

year, the number of Diabetes Mellitus sufferers is increasing. The cause is an unhealthy 

lifestyle and delay in detecting symptoms. This is because a person often does not realize 

that he/she has Diabetes Mellitus disease. Based on this condition, the researcher designed 

an application using the expert system of Fuzzy Logic Sugeno method to help detect this 

high-risk disease. In general, this web-based application can be used as a tool to diagnose 

Diabetes Mellitus disease 
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1. INTRODUCTION 

The limited levels of human productivity can be reduced the role of an expert in carrying 

out the work. The ability of an expert is also limited and needs to be improved, but due to 

the limited mind and time, it is also a problem. An expert system is a computer program 

that simulates the assessment and behavior of human beings or organizations who have 

expert knowledge or experience in a particular field (Budiarto, 2014). Expert system is 

able to replace the role of an expert by overcoming the weaknesses that exist in an expert 

both in terms of time and limited mind or others. 

Based on data from the Central Statistics Agency (BPS), the number of diabetes sufferers 

in 2003 was 13.7 million people and based on the pattern of population growth is 

estimated that in 2030 there will be 20.1 million people with diabetes with a prevalence 

rate of 14.7 percent for urban areas and 7.2 percent in rural areas (pdpersi, 2011). 

Diabetes mellitus is one of the dangerous diseases, because it can cause acute 
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complications in a rapid time in the human body and can lead to death if not treated 

quickly or the presence of early knowledge. 

 

Pratama Outpatient Clinic, dr. Siti Johan has difficulty in the treatment process of 

diagnosing diabetes mellitus disease suffered by patients. Limited experts and limited 

time and mind lead to a lack of information and treatment that can be conveyed to 

patients. Of course, these problems cause problems in terms of service levels and patient 

trust to the clinic in terms of treating the disease. It will have an impact on reduced 

patient trust in the treatment and result in a decreased the number of patients who give 

their trust in the treatment of the disease to the clinic. 

The writer tried to solve the problem by designing an expert system for diagnosing 

diabetes mellitus at dr. Siti Johan clinic. The system which the writer designed can help 

patients find out the diagnosis of the disease by simply entering the data of the symptoms 

felt. The system which the writer designed is web-based, so that patients can immediately 

conduct consultations without having to meet directly with the doctor who handles.  

Fuzzy method is the study of uncertainty. Fuzzy logic is also able to map an input space 

into an output space accurately (Kusumadewi, 2010). In fuzzy system theory, a concept 

of fuzzy systems used in the prediction process generally consists of four stages, namely 

fuzzification (the process of converting firm numbers into fuzzy numbers), forming rule 

bases (fuzzy rule bases), inference systems or fuzzy reasoning, defuzzification. (The 

process of converting fuzzy numbers from the fuzzy inference system into firm numbers). 

One method in the fuzzy system that can be used in predicting is the Sugeno method, this 

method is almost the same as the Mamdani method, but the output (consequent) is not a 

set of fuzzy but in the form of constants or linear equations. The output of the expert 

system which the writer discussed is the percentage level of diabetes mellitus disease, 

therefore sugeno fuzzy method is suitable for use in the system which the writer 

designed. 

 

1.1 Identification of Problem 

 

Based on the description from the background above, the problem identification in this 

study are as follows: 

a. Patients need information about diabetes mellitus quickly. 

b. dr. Siti Johan Clinic has limited diabetes mellitus experts and limited time and 

mind of existing experts. 

 

1.2 Limitation of Problem 

The limitation of problem in writing this thesis are as follows: 

a. The study focused on the diagnosis of diabetes mellitus. 

b. The method used in the design of expert systems is the fuzzy sugeno model 

method. 

c. The input of the writer in the expert system are user data, symptom data, disease 

data, rule based data, and consulting data. 
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d. The output of the writer in the expert system is the result of consultation and 

data report of consultation. 

 

1.3 Statement of Problem 

 

The statement of problem in the study: 

1. How to design and create an expert system diagnose diabetes mellitus web-based 

disease using fuzzy sugeno model method? 

2. How is the application of an expert system to diagnose diabetes mellitus? 

 

1.3 Objective of the Study 

The objective of the study is to design and create an expert system which can provide the 

percentage of diabetes mellitus diagnosis. 

2. METHODOLOGY 

In this study, the writer used data collection methods such as interviews and literature 

studies. In addition, the writer also used the Waterfall method as a system development 

method. 

 

2.1.   The Expert System   

The expert system is a computer program designed to make decisions such as decisions 

taken by people or some experts, (Giarratano and Riley, 2017). In its preparation, the 

expert system combines inference rules with a specific knowledge base given by one or 

more experts in a particular field. The combination of the two is stored on the computer, 

which is then used in the decision-making process to solve certain problems.  

 

2.2  Waterfall 

The Waterfall model is one of the software development models in the SDLC (Software 

Development Life Cycle) model. According to Sukamto and Shalahuddin in Firmansyah 

(2018) stated that "SDLC (Software Development Life Cycle) or often called the System 

Development Life Cycle is the process of developing or changing a software system using 

models and methodologies used by people to develop previous software systems, based on 

best practice or well-tested ways." Meanwhile, Sukamto and Shalahuddin in Firmansyah 

(2018), system development is done in order starting from analysis, design, coding, testing 

and supporting stages. The stages of Waterfall method are described as follows: 

a. Analysis of Software Needs 
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Analysis of software needs aims to analyze all needs including documents and interfaces 

needed to determine the software solution to be used as a system computerization process 

b. Design 

The design stage as needed by the system will be made related to the database design, 

software architecture and User Interface to be created.  

c. Code Generation  

The coding stage is the implementation of the design made into the software program. 

d. Testing  

Program testing is conducted to find out whether the application is running properly and in 

accordance with expectations. 

e. Support  

Maintenance is performed to monitor whether the installed application has no problems or 

no bugs and errors. 

 

2.3 Diabetes Mellitus 

Diabetes Mellitus (DM) is a disease characterized by blood sugar levels exceeding the 

normal limit, which is more than 200 mg / dl, and fasting blood sugar levels above or equal 

to 126 mg / dl (Misnadiarly in Hestiana, 2017). DM is known as the silent killer because it 

is often unnoticed by people with it and when it is known that there have been 

complications (Kemenkes RI, 2014). 

Diabetes Mellitus can attack almost the entire human body system, from the skin to the 

heart which causes complications. 

Diabetes mellitus or diabetes is a health disorder in the form of a collection of symptoms 

that arise in a person caused by increased levels of blood sugar due to insulin deficiency or 

insulin resistance and metabolic disorders in general. 

 

2.4  MySQL  

MySQL is a relational database used in the PHP programming language, to provide an 

interface with the MySQL database. There are three main API options for connecting 

servers to the MySQL database.   

• PHP MySQL  

• PHP MySQLi   
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• PHP Data Objects (PDO)  

The PHP code consists of several sections, for PHP MySQL extensions, such as the 

MySQL extension and the MySQLi extension implemented using the PHP extension 

framework. An extension typically exposes the API to PHP programmers, which are 

used for programming facilities. However, some extensions which use the PHP 

framework extension cannot expose the API to PHP programmers. For example, the 

PDO MySQL extension driver, will not open the API for PHP programmers, but 

provides an interface on top of the PDO. MySQLi is an improved version of the older 

MySQL PHP driver, offering a variety of benefits. MySQLi introduces a new way of 

interacting with MySQL database servers. through PHP, the developers of the PHP 

programming language recommend using MySQLi when dealing with MySQL server 

version 4.1.3 and latest version. There are 2 new OOP models from MySQLi. So, in 

MySQLi can use 2 coding styles, OOP or procedural. 

 

2.5  PHP  

PHP is a script for web server side-based programming. By using PHP, the maintance of 

a website will be easier. The process of updating data can be done using applications 

created by PHP. PHP is an Open-source software which is distributed and licensed for 

free and can be downloaded freely from its official website. Php was originally short for 

Personal Home Page. PHP was first created by Rasmus Lerdorf in 1995. At that time 

PHP was still called Form Interpreted (FI), which existed in the form of a set of scripts 

used to process form data from the web. Subsequently, Rasmus released the source code 

to the public and named it PHP/FI. 

3. RESULT AND DISCUSSION 

 

3.1 RESULT  

 

Data on Symptoms of Diabetes Mellitus Disease 

The following data on Diabetes Mellitus Symptoms have been collected: 

 

Table 1. Data kerusakan 

No  Symptoms 

Codes 

Symptoms 

1 G01 Excessive thirst 

2 G02 Excessive hunger 
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3 G03 Peeing a lot 

4 G04 Losing weight 

5 G05 Tiredness 

6 G06 Blurred vision  

7 G07 Vulnerable to 

infectious diseases 

8 G08 Itchy skin 

 

 

3.2 Solution Data  

The following solutions have been grouped according to the data that has been collected: 

 

Table 2. Solution Data 

Disease Name Solutions 

Diabetes mellitus 

type 1 

Maintain normal 

blood sugar levels 

through regular 

monitoring, insulin 

therapy, diet, and 

exercise. 

Diabetes mellitus 

type 2 

Avoid high-glycose 

or high-fat foods, 

increasing high-

fiber foods, 

exercise regularly, 

avoid or quit 

smoking, stop 

consuming 

alcoholic 

beverages, 

maintain foot 

health and prevent 

injured feet, check 

the eye health 
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condition regularly. 

Diabetes mellitus 

Prediabetes 

Eat healthy foods, 

exercise regularly, 

lose excess weight, 

stop smoking, take 

diabetes 

medications 

recommended by 

your doctor. 

Diabates mellitus 

Gestational 

Routinely check 

blood sugar, adjust 

your diet, exercise 

diligently, check 

with your doctor 

regularly, follow 

doctor's 

instructions, eat 

healthy foods. 

Diabates mellitus 

type 1 

Maintain normal 

blood sugar levels 

through regular 

monitoring, insulin 

therapy, diet, and 

exercise 

Diabates mellitus 

type 2 

Avoid high-glycose 

or high-fat foods, 

increasing high-

fiber foods, 

exercise regularly, 

avoid or quit 

smoking, stop 

consuming 
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alcoholic 

beverages, 

maintain foot 

health and prevent 

injured feet, check 

the eye health 

condition regularly.  

Diabates mellitus 

Prediabetes 

Eat healthy foods, 

exercise regularly, 

lose excess weight, 

stop smoking, take 

diabetes 

medications 

recommended by 

your doctor. 

Diabates mellitus 

Gestational 

Routinely check 

blood sugar, adjust 

your diet, exercise 

diligently, check 

with your doctor 

regularly, follow 

doctor's 

instructions, eat 

healthy foods. 

 

Table 3. Weights Table 

The stages of calculating the fuzzy Sugeno are as follows: 

Symptoms 

Code 

Symptoms Weights Category 

G01 Excessive 

thirst 

0,6 MODERATE 

G02 Excessive 

hunger 

0,5 MODERATE 
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Fuzzy / 

Fuzzification Set Formation 

 

The general formula for fuzzification of the Takagi Sugeno-Kang Fuzzy Inference 

System method is as follows: 

G03 Peeing a 

lot 

0,3 LIGHT 

G04 Losing 

weight 

0,8 SEVERE 

G05 Tiredness 0,7 SEVERE 

G06 Blurred 

vision 

0,8 SEVERE 

G07 Vulnerable 

to 

infectious 

diseases  

0,9 SEVERE 

G08 Itchy skin 0,2 LIGHT 

G09 Wounds 

taking 

longer to 

heal 

0,9 SEVERE 

G10 Tingling in 

the feet 

0,2 LIGHT 

G11 Itching 

around 

vagina 

0,5 MODERATE 

G12 Erectile 

disorders 

0,8 SEVERE 

G13 Pain or 

numbness 

in the feet 

and hands 

0,8 SEVERE 

G14 Dry mouth 0,3 LIGHT 
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µ[𝑥, 𝑎, 𝑏, 𝑐] =

{
 
 

 
 
0                             𝑥 ≤ 𝑎 𝑎𝑡𝑎𝑢 𝑥 ≥ 𝑐

(𝑥 − 𝑎)

(𝑏 − 𝑎)
     𝑎 ≤ 𝑥 ≤ 𝑏

(𝑐 − 𝑥)

(𝑐 − 𝑏)
     𝑏 ≤ 𝑥 ≤ 𝑐

 

Next, calculate the value b (the middle value of the minimum and maximum limit) of 

each severity category of light, moderate, and severe. With the following formula: 

𝑏 =
∑𝑎 𝑠𝑎𝑚𝑝𝑎𝑖 𝑏

𝑛
 

Notes: 

x = Weights of predetermined values on each selected symptom 

a = Minimum value limit for each symptom 

b = Middle value of minimum and maximum limit 

c = Maximum value limit on each symptom 

 

1) LIGHT 

𝑏 =
0 + 0,1 + 0,2 + 0,3 + 0,4

5
= 0,2 

2) MODERATE 

𝑏 =
0,3 + 0,4 + 0,5 + 0,6 + 0,7

5
= 0,5 

3) SEVERE 

𝑏 =
0,6 + 0,7 + 0,8 + 0,9 + 1

5
= 0,8 

 

a. Calculating Fuzzification Value 

The example of case in a patient experiencing symptoms include: G01,G011,G12. Then, 

the steps to calculate it using the formula as follows: 

𝑓 =
(𝑥 − 𝑎)

(𝑏 − 𝑎)
 

 

Weights value on the selected symptoms is as follow: 

 

G01 = 0,6 (MODERATE) 

G11 = 0,5 (MODERATE) 

G12 = 0,8 (MODERATE) 

 

Based on the symptoms, type of diabetes mellitus which enters is : 

 

1) Calculate symptom of G01 

𝑓 =
0,6 − 0,3

0,5 − 0,3
= 1,5 

2) Calculate symptom of G11 

𝑓 =
0,5 − 0,3

0,5 − 0,3
= 1 

3) Calculate symptom of G12 
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𝑓 =
0,8 − 0,6 

0,8 − 0,6
= 1 

 

b. Defuzzification 

The general formula for defuzzification of Fuzzy Inference System Takagi Sugeno-

Kang method is as follows: 

Notes: 

𝑊𝐴 =
𝑎1𝑧1 + 𝑎2𝑧2 + 𝑎3𝑧3 +⋯+ 𝑎𝑛𝑧𝑛

𝑎1 + 𝑎2 + 𝑎3 +⋯+ 𝑎𝑛
 

 

WA  = Weighted Average 

An  = nth rule predicate value 

Zn  = nth input value index (constant) 

 

Then the calculation of the symptoms per type of disease selected is as follows: 

1) P01 = G01 

𝑊𝐴 =
(1,5 . 0,5)

(1,5)
= 0,5 

 

Diagnosis level P01 is 0,5 x 100% = 50% 

 

2) P02 = G01, G11, G12 

𝑊𝐴 =
(1,5 . 0,5) + (1 .  0,5) + (1 . 0,8)

(1,5) + (1) + (1)
=
2,05

3,5
= 0,58 

Diagnosis level P01 is 0,58 x 100% = 58% 

3) P03 = G01 

𝑊𝐴 =
(1,5 . 0,5) + (1 .  0,5) + (1 . 0,8)

(1,5) + (1) + (1)
=
2,05

3,5
= 0,58 

Diagnosis level P01 is 0,5 x 100% = 50% 

4) P04 =G01 

𝑊𝐴 =
(1,5 . 0,5) + (1 .  0,5) + (1 . 0,8)

(1,5) + (1) + (1)
=
2,05

3,5
= 0,58 

Diagnosis level P01 is 0,5 x 100% = 50% 

 

The highest score is diabetes mellitus type 2 with a percentage value of 58%. 

 

4 Class diagram 

Class diagrams used to display multiple classes that exist in several software systems to 

be developed. Class diagrams show the relationship between the classes in the system 

being built and how they collaborate with each other to achieve goals. The following is 

described class diagram of the system. 
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Figure 4. Class Diagram 

4. DISCUSSION 

 

4.1 Main Page 

The main page view is the first time the user and admin access the website, as for the 

view is as follows: 

 

 
Figure 1. Main Page 

  4.2 Damage Diagnosis Page 

The damage diagnosis page is a page that contains the symptoms on the mobile phone. 

The user will choose the symptoms experienced to determine the damage that has 

occured to the mobile phone, as for the view is as follows:  
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Figure 2. Damage Diagnosis Page 

 

  4.3 Question Page 

The question page is a page that contains questions for each selected symptom. The user 

will choose the appropriate question according to the damage, as for the view is as 

follows: 

 

Figure 3. Question Page 

 

  4.4 Solution and Suggestion Page 

The solution and suggestion page is a page that contains the solution to each question and 

displays suggestions from the solution itself, as for the view is as follows: 

 

Figure 4. Solution and Suggestion Page 

 

 

 

 



International Journal of Grid and Distributed Computing 

Vol. 14, No. 1, (2021), pp. 231-244 

244 

ISSN: 2005-4262 IJGDC 

Copyright ⓒ2021SERSC 

 

5 CONCLUSION 

 

Based on the description of the existing restrictions described in the previous chapters, the 

writer draws the following conclusions: 

1. The expert system for diagnosis of mobile phone damage was successfully 

implemented using forward chaining method and certainty factor obtained an average 

result of 0.98 which means close to 1 value that the diagnosis of mobile phone damage 

is close to successful, so as to get accurate results. 

2. The expert system for diagnosis of mobile phone damage has been successfully built 

and can display symptoms, prevention, and solution of mobile phone damage. The 

development of this expert system should be able to cover all types of mobile phone 

damage along with complete symptoms. 

3. This app can also be powered by android-based to be easily accessible. 
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