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Decision support System for Diagnosing Diabetes Mellitus through a Fuzzy Inference System (FIS) Approuach with the Tsukamoto Method
Abstract

The number of people with diabetes mellitus has increased every year. This is due to the delay in diagnosing the disease. And Indonesia ranks 10th in the number of diabetics in the world. Patients with the disease usually do not realize that they suffer from diabetes mellitus. In this study, a support system for decision making for diabetes mellitus was made using the Tsukamoto method. The supporting variables for diagnosing the disease are used in the formation of fuzzy sets. Fuzzy sets that are processed by the Tsukamoto method so as to produce a decision. The application that has been designed has been tested by involving a medical record of diagnosis from a doctor, the results of the decision produced from the method are the same as the doctor's diagnosis listed in the medical record. In general, this web-based application can be used as a tool in enforcing the diagnosis of diabetes mellitus. The results of the SPK calculation are not different from the results of blood glucose examination by doctors, this is indicated by the SPK validity test using two hundred and twelve types of sample data and produce a DSS validity level of 96%.
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1. Introduction
In 1965, Professor Lotfi Asker Zadeh, a professor at the University of California published a scientific paper entitled "Fuzzy sets". Lotfi A. Zadeh put forward the theory of membership functions which are operated with real numbers between true values ​​1 and 0. They also popularize the maximum and minimum rules obtained from fuzzy set operations (Kusumadewi, 2013). 
Fuzzy systems have the advantage of modeling qualitative aspects of human knowledge and decision making processes (reasoning) as done by humans by applying the basis of rules. Fuzzy systems can overcome difficulties in describing a complex physical system that is difficult to model mathematically. Based on the advantages found in fuzzy systems, the system can be used as the basis for the formation of a decision support system. 
Decision Support System (DSS) is a computer based information system that produces various alternative decisions to assist management in handling a variety of structured or unstructured problems using data and models. The purpose of implementing a decision support system is to support decision makers to choose alternative results of information processing with decision making models and to solve problems that are semitructured and unstructured. Turban (2005) categorizes DSS in seven models. Based on the seven models, one model that is quite popular in problem solving is the heuristic model and Fuzzy Inference System (FIS), which is one part of this model (Sanjaya & Dadang, 2016).
Fuzzy Inference System (FIS) also called fuzzy inference engine is a system that can do reasoning with the same principle as humans reasoning with their instincts. Fuzzy inference system is also a computational framework based on fuzzy set theory, fuzzy rules in the form of IF-THEN, and fuzzy reasoning. There are three methods in the fuzzy inference system, namely: the Tsukamoto Method, the Mamdani Method, and the Sugeno Method (Setiadji, 2009). Tsukamoto's method was chosen because each consequent rule in the form of IF-THEN is represented by a fuzzy set with a monotonous membership function. As a result, the output of each rule is given explicitly based on α-predicate, then the final result is obtained using a centralized average.
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Figure 1. Diagram of the Fuzzy Inference System (Kusumadewi and Hartati, 2006).

One of the applications of fuzzy inference systems is in the field of medicine, namely the implementation of fuzzy inference systems in diagnosing diabetes mellitus. Diabetes mellitus or diabetes is a chronic disease characterized by metabolic abnormalities resulting from a lack of insulin production by the pancreas (Iqfadilah, 2015). Diabetes mellitus has been categorized as one of the non-communicable diseases that has claimed many lives and is known to have become a serious health problem in the world. The role of prevention in overcoming the number of diabetics in Indonesia is due to one of them being a small number of endocrinologists in Indonesia. This is due to the delay in early diagnosis by people with diabetes mellitus.
2. Penelitian Terdahulu
Rio Ronny Bariqi Batubara, et al (2015) for diagnosing hepatitis using Tsukamoto's reasoning method. This study is desktop based using Java and Microsoft Access. Za'imatun Niswati, et al (2016), are fuzzy logic applications in diagnosing diabetes mellitus in puskesmas in East Jakarta. This study uses a fuzzy inference system with the Mamdani method. Muhamad Andriawan and Wiji Setiyaningsih, namely the application of the Tsukamoto method in the employee decision support system at PT. Pindad (PERSERO) is web based. Daniel Alfa Puryono (2014) is mamdani's fuzzy inference system method to determine business capital assistance for environmentally friendly MSMEs.
3. Method
3.1 Research population
The population in the study were patients at Lendah Kulon Progo Health Center. In this study the sample used was data on patients visiting the poly disease in Lendah Public Health Center, Kulon Progo. Data on patients with diabetes mellitus can be seen in Table.1.
Table 1.  Data Pasien Diabetes Melitus Puskesmas Lendah Kulon Progo
	No
	GDP (mg/dl)
	GD (mg/dl)
	GDPS (mg/dl)
	HbA1c (mg/dl)
	Diagnosa Dokter

	1
	113
	126
	178
	3
	Pra DM

	2
	146
	90
	113
	3.3
	Pra DM

	3
	209
	166
	102
	6
	Pra DM

	4
	146
	93
	180
	2.5
	Pra DM

	5
	131
	82
	197
	3
	Pra DM

	6
	155
	109
	156
	2
	Pra DM

	7
	143
	79
	187
	8
	DM

	8
	320
	83
	168
	4.1
	Pra DM

	9
	156
	138
	146
	6
	Pra DM

	10
	143
	140
	169
	6.3
	Pra DM

	.
.

.
	
	
	
	
	

	212
	182
	209
	542
	6.5
	DM


3.2 Fuzzy Logic
Definition.1.1 According to Lin (1996) a fuzzy set Ã in X is defined as a set of sequential pairs: 
Ã= {x,μÃ(x))|x∈X}                                     
with μÃ(x) is the degree of membership [image: image4.png]
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 membership space which lies in the range [0,1].
3.3 Decision Support Systems
Decision Support Systems (DSS) are computer based information systems that provide interactive information support for managers and business practitioners during the decision-making process (O'Brien, 2005). According to Aji Supriyanto (2005) DSS is built by three components: base model, database, and software system. DSS validation is used to find out whether the DSS is valid or not. To test the level of validity of DSS can be seen in Table. 2.
Tabel 2. DSS validation test results
	Data ke-
	DSS
	Diagnosa Dokter
	Ket (T/F)

	 1
	DSS results-1
	Diagnosis results-1
	T

	2
	DSS results -2
	Diagnosis results -2
	F

	3
	DSS results -3
	Diagnosis results -3
	T

	4
	DSS results -4
	Diagnosis results -4
	F

	.

.

.
	.

.

.
	.

.

.
	.

.

.

	n
	DSS results -n
	Diagnosis results -n
	T


Information:
T = True. Occurs when the results of the DSS calculation are the same as the doctor's diagnosis.
F = False. Occurs when the results of the DSS calculation are not the same as the doctor's diagnosis.
According to Teddy Rismawan (2008) the level of DSS validity can be searched by the equation:
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4. Implementation of  Decision Support Systems (DSS)
The DSS component used in developing this SPK is: Base Model, Database, and Software System.
1. Model Base of the Tsukamoto Method
a) Determine the Fuzzy Set
Tabel 3. Fuzzy Sets (Yanmas, 2006)
	No
	Fuzzy Variabels     
	Fuzzy Sets

	
	
	Low
	Medium
	High

	1
	Fasting Blood Sugar (mg/dl)
	<86
	86≤GDP≤126
	>126

	2
	Blood Sugar 2 Hours PP (mg/dl)
	<100
	100≤GD≤140
	>140

	3
	Current Plasma Blood Sugar (mg/dl)
	<160
	160≤GDPS≤200
	>200

	4
	HbA1c levels (mg/dl)
	<4,5
	4,5≤HbA1c≤6,5
	>6,5

	5
	Decisions of Diagnosis 
(mg/dl)
	<3,5
	3,5≤Diagnosa≤6,5
	>6,5


a) Defining Fuzzy Variables
I. Variables of  Fasting Blood Sugar (mg / dl)
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Figure 2. Variable GDP Membership Function (mg/dl)
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II. Variable Blood Sugar 2 Hours PP (mg/dl)
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Figure  3. GD Variable Membership Function (mg/dl)
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III. Variable Current Plasma Blood Sugar (mg/dl)
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Figure  4. GDPS Variable Membership Function (mg/dl)
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IV. Variable HbA1c levels (mg/ml)
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Figure 5. HbA1c levels Variable Membership Function (mg/dl)
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V. Variabel Decision Diagnosis
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Figure 6. Variable Diagnosis Membership Function
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b) Inference
Inference is the process of combining many rules based on available data (Turban et al., 2005). The general formula used to find the number of fuzzy rules is as follows:
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n = number of fuzzy rules
a = the number of fuzzy sets on each fuzzy variable
b = number of fuzzy variables
Tabel 4. Formation of fuzzy rules
	No
	
	Anteseden
	
	Konsekuen

	
	
	GDP
	GD
	GDPS
	HbA1c
	
	

	1
	IF
	LOW
	LOW
	LOW
	LOW
	THEN
	NORMAL

	2
	IF
	LOW
	LOW
	LOW
	MEDIUM
	THEN
	NORMAL

	3
	IF
	LOW
	LOW
	MEDIUM
	LOW
	THEN
	NORMAL

	4
	IF
	LOW
	MEDIUM
	LOW
	LOW
	THEN
	NORMAL

	5
	IF
	MEDIUM
	LOW
	LOW
	LOW
	THEN
	NORMAL

	.

.

.
	.

.

.
	.

.

.
	.

.

.
	.

.

.
	.

.

.
	.

.

.
	.

.

.

	81
	IF
	MEDIUM
	HIGH
	LOW
	LOW
	THEN
	DM


Based on the eighty one rules, then the α and z values are determined for each rule.
According to the membership function, the diagnosis decision for Normal is obtained by the formula:
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so that the formula is obtained to find the z value.
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According to the membership function, the diagnosis decision for Pre Diabetes Mellitus is obtained by the formula:
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so that the formula is obtained to find the z value
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According to the membership function the decision to diagnose diabetes mellitus is obtained by the formula:
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so that the formula is obtained to find the z value
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c) Determining Crisp Output
In the Tsukamoto method, a centralized average education definition is used to determine crisp output, namely:
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with i =1,2,3,...,81
2.  Database

The database in this study uses a combination of matlab and excel with formal xlsread, the database system is designed with the main menu display as follows:
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Figure 7. The main view of the database
3. Software system

In developing the SPK with Tsukamoto's method using Matlab software. The steps in developing DSS using the Tsukamoto method using matlab software are as follows: defining variables, determining fuzzy set membership functions of each variable, inference, and determining crisp output values.
5. Conclusion
Based on the results of designing a decision support system with the Tsukamoto method's fuzzy inference system approach, the authors draw the following conclusions:
The application of a decision support system with the Tsukamoto method fuzzy inference system approach has been proven to be able to diagnose diabetes mellitus. Because after testing using the Matlab software it is known that the results of these tests have a validity level of 96%. With this the decision support system produced can be used as a tool to diagnose diabetes mellitus.
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