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Abstract 

This paper aims to develop a web-based expert system aimed at assisting the general public and parties involved in 

the health sector, particularly in the field of human skin diseases. This system uses a combination of forward chaining 

and Mamdani fuzzy inference methods. The knowledge base is created based on observations and interviews with a 

dermatologist at Bima Regional General Hospital, covering 13 symptoms and 6 types of skin diseases, each equipped 

with expert confidence weights. Disease candidates are inferred from symptoms selected by the user and rules using 

forward chaining, while symptom weights are managed through fuzzy logic using the Laravel framework with the 

PHP language. From 20 test data, a comparison between the results from doctors and the system in an operational 

web application model shows a compatibility level of 95%. This system is suitable for use by doctors with further 

review. With this application, it is hoped that it can solve problems experienced by the community, such as limited 

access to dermatologists and economic problems, which are some of the main reasons why this application was 

designed and developed. 
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1. INTRODUCTION 

In line with the progress of today's times, technology has also experienced rapid and increasingly 

sophisticated advances, particularly in transportation, visualization, animation, and telecommunications 

[1], [2]. Technology is defined as a set of digital innovations that serve as the main basis for the industry's 

shift towards the Industry 4.0 era. One example is Artificial Intelligence (AI), which integrates the 

physical and digital worlds to achieve good and efficient production systems [3]. However, key 

challenges include barriers to integrating new technologies with existing systems, threats to data security 

due to high levels of connectivity, and skills shortages from a workforce that is not yet ready for the 

digital age. Technologies that can help humans complete their work, such as the advancement of expert 

systems or artificial intelligence (AI) [4]. 

One of the subfields of artificial intelligence (AI) is expert systems, which implements the system 

of a computerized application using the reasoning of an expert from a field, and the resulting data will 

be stored in a knowledge base [5]. In such systems, knowledge is generally modeled using rule-based 

representations in the form of IF–THEN rules, which enable interpretable reasoning and are well-suited 

for decision support applications in the medical field [6]. The expert system definitely has a certain role, 

one of which is as a tool that helps make medical decisions that are made to imitate the way of thinking 

and judgment of an expert in diagnosing human skin diseases [7], [8]. This system is also a knowledge 
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management system and logical rules in the form of a computer program that is created to copy the 

problem-solving ability sourced from a human expert in a certain field [9], [10]. 

The skin covers the whole surface of the body and is the largest organ. The human skin is a multi-

component system containing cells, proteins, and fats, and can be divided into 3 main layers: The 

epidermis, the derma and the hypodermis [11], [12]. The skin serves as a protector from physical 

wounds, chemicals, extreme temperatures, and infections from fungi, bacteria, and viruses [13]. Skin 

diseases are health problems that affect the outer layers of the human body. The causes vary, ranging 

from infections, allergies, autoimmune disorders, genetic factors, to exposure to sunlight or chemicals. 

Some conditions are temporary and easy to treat, while others can become chronic or even develop into 

more serious illnesses [14]. 

Skin disease arises due to abnormalities or disorders that affect the structure and function of 

human skin, which serves as the main barrier protecting the body [15]. These conditions can be caused 

by genetic factors, allergies, infections, and exposure to ultraviolet (UV) radiation, and are often 

characterized by observable symptoms that can be evaluated using digital and artificial intelligence (AI)-

based diagnostic applications [16], [17]. Skin diseases can affect any part of the body or the entire body, 

and in severe cases can even threaten the patient's life if not treated seriously. Additional factors that 

can contribute to common skin problems include environmental factors, climate, place of residence, 

poor lifestyle habits, and allergies, among others [18]. Skin conditions vary in severity, ranging from 

mild inflammatory disorders such as eczema to more serious conditions, including skin cancer. 

(melanoma and non-melanoma), which can be life-threatening if not detected and treated early, hence 

the importance of emphasizing early detection as part of a comprehensive approach in dealing with skin 

problems [19]. 

In previous research, using fuzzy Tsukamoto and forward chaining to diagnose diphtheria has 

been improved, which showed a 92% success rate of diagnosis. This mixed approach can be used as a 

reference that the combination of the two inference methods based on fuzzy logic can improve the 

accuracy of expert systems in the health field [20]. This study developed a fuzzy logic–based system for 

early detection of diseases in tobacco plants by modeling uncertainty in symptom assessment. The 

proposed system applies fuzzy membership functions and inference rules to support early disease 

identification, and experimental results show that the system performs effectively in detecting plant 

diseases and handling uncertainty during the diagnostic process. [21]. Then develop a system of logic-

based expert fuzzy for the diagnosis of skin diseases, by utilizing the knowledge of specialist doctors as 

a basis for the preparation of rules. To determine the type of disease and its severity, the system uses a 

fuzzy inference mechanism, which consists of the stages of fuzzification, inference, and defuzzification. 

Testing of cases showed an accuracy of about 95% [22]. The focus of this research is the development 

of a facial attractiveness assessment system by combining CNN-based feature extraction with a Fuzzy 

Inference System. The proposed system is capable of generating facial beauty scores that are very close 

to human judgment, with an accuracy rate of over 99% on the test data [23]. Previous research has also 

demonstrated the application of fuzzy expert systems for early disease detection using symptom-based 

rules and Mamdani fuzzy inference. In this case, developing a fuzzy-based expert system to diagnose 

diseases in tobacco plants shows that the Mamdani inference method and center-of-mass defuzzification 

are effective in handling uncertainty in disease diagnosis[24]. In addition, recent research has combined 

fuzzy logic with deep learning techniques for skin disease analysis and skin cancer detection, where this 

hybrid approach improves classification performance and demonstrates the effectiveness of fuzzy logic 

in managing uncertainty and improving decision-making in dermatological diagnosis [25]. Many 

currently designed expert systems rely on a single inference method and lack expert-defined confidence 

levels, with validation often limited in scope. This study addresses these limitations by integrating 

forward chaining and Mamdani fuzzy inference with expert-defined confidence weights to generate 
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diagnostic confidence levels that can be interpreted and validated against dermatologists' diagnoses. 

Table 1 compares previous studies with the proposed approach in terms of methods, application 

domains, platforms, and evaluation methods. 

 

Table 1. Comparison of previous studies and the proposed study 

Authors Method Domain 
Number of 

diseases/symptoms 

Platform 

Type 

Evaluation 

method 

Isnanto 

et al. 

Fuzzy 

Tsukomoto 

Diphtheria 

diagnosis 

1/5 Web-based Blackbox and 

accuracy 

testing (92%) 

Banjar et 

al. 

Knowledge-

based expert 

system 

Orthopedic 

injury 

management 

(ankle) 

1/5 Cross-

platform app 

+ hardware 

integration 

System 

usability scale 

(SUS) 85.3/100 

Syarif et 

al. 

Fuzzy 

Mamdani 

Skin disease 

diagnosis 

10/23 Web-based Functional 

testing and 

accuracy 

(95.6%) 

Moridani 

et al. 

Deep learning 

+ fuzzy 

inference 

Facial 

attractiveness 

assessment 

Not symptom-

based 

Software 

system 

Accuracy vs 

human 

judgment 

(99%) 

Anwar et 

al. 

Fuzzy logic Plan disease 

detection 

(tobacco) 

1/17 Dekstop-

based 

Detection 

accuracy value 

41.54 

This 

Study 

Forward 

Chaining + 

Fuzzy 

Mamdani 

Skin disease 

diagnosis 

6/13 Web-based Accuracy vs 

dermatologist 

diagnoses 

(95%) 

 

This study aims to design and develop a website-based system for diagnosing skin diseases that 

combines the Mamdani fuzzy method and forward chaining to process combinations of symptoms and 

expert confidence weights in a structured manner. This application offers online consultation services, 

allowing users to identify potential skin diseases without needing to visit a doctor immediately, thereby 

saving time and initial examination costs. In addition, the system is designed to support decisions for 

medical personnel through a knowledge base that contains symptoms, types of diseases, and the level 

of confidence of dermatologists, making the pre-diagnosis process more consistent and helpful. 

2. RESEARCH METHODS 

This section outlines the proposed solution and how the system is designed. Researchers use 

figures, tables, and flowcharts to describe the solution. The system design adopts a conventional 

approach that combines a fuzzy inference system and the forward chaining method. The fuzzy Mamdani 

inference system determines the accuracy level of the expert system, while forward chaining collects 

factual information from the expert and stores it in the database. Before detailing the system design, 

several reference points are defined as the basis for developing the system. 

1.1. Data Collection  

Data collection was conducted through structured interviews and brief observations with a 

dermatologist selected based on their professional background in dermatology and clinical experience 

in symptom-based diagnosis. Due to limited expert availability, the knowledge gathering process was 

conducted in three interview sessions, each lasting approximately fifteen minutes, focusing on 
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identifying key symptoms, defining disease-symptom relationships, and assigning confidence weights. 

The resulting knowledge base was validated through expert review and minor revisions, followed by 

testing on representative cases to ensure consistency between the system's output and the expert's 

diagnosis. 

1.2. Forward Chaining 

This method involves searching, tracking, or forward reasoning techniques that begin with the 

information obtained and align the rules to produce conclusions. This technique starts from known truths 

and uses IF-THEN rules. This technique is also commonly known as direct search or tracing, which 

refers to data [26]. 

 

 
Figure 1. Forward Chaining inference process flow 

 

Figure 1 is a rule-tracing process using the forward-chaining method, showing the flow from 

adding facts to working memory to the completion process. 

In this research, the knowledge base is represented in the form of a set of production rules, for 

example: 

Rule-based formula: 

Ri=IF Gi1 ⩑ Gi2 THEN P1 (1) 

The method used in this system is forward reasoning. This means that the search process begins 

with initial facts in the form of symptoms selected by the user, then matches them with the if knowledge 

base on each rule until arriving at the conclusion of then. 

1.3. Fuzzy Inference System 

Fuzzy reasoning system based on fuzzy set theory, fuzzy rules in the form of if-then statements, 

this approach is not binary (true/false), but has a degree of truth between 0 and 10, in the system used 

fuzzy, uses uncertain decisions and can optimize the control of the system to be used so that the human 

skin disease diagnosis application that will be designed later will become a retrieval application more 

accurate decisions because it uses two interrelated methods, namely the forward chaining method and 

the fuzzy inference system [27], [28]. This method is also known and very popular, and widely used, 

both in management strategies and system design strategies [29]. In this case, researchers used the 

Mamdani fuzzy method because it is easier to understand and interpret the results. There are three 

important components in the system. Fuzzy logic things to note include: 
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(i) Fuzzification/Fuzzification, this serves to change inputs that have a definite truth value to a fuzzy 

form of input, by becoming a linguistic fuzzy set based on the membership function. 

 

 
Figure 2. Representation of the triangle curve 

 

μ(x)=

{
 

 
0, 

(x - a) 

(b - a)
;

(c - x)

(c - b)
;

  
x ≤ a atau x ≥c
a < x≤b
b < x<c

 (2) 

• x = User Input value (scale 1-10) 

• a = Left boundary of the fuzzy set 

• b = Peak/middle point of a fuzzy set 

• c = Right boundary of fuzzy set 

• μ(x) = membership degree 

 

(ii) Inference, reasoning using fuzzy input and fuzzy rules based on what has been set, so that later it 

will produce fuzzy output. 

ûi = μi
×ωi (3) 

• ûi = Degree of weighted membership of the i symptom 

• μ
i
 = Degree of membership of i symptom to a particular fuzzy set 

• ωi= expert weight of symptom i, doctor's level of confidence 

αj=min(µ1,µ2,....,µn) (4) 

• αj = Firing strength of the i-rule 

• μ
1
,μ

2
,...,μ

n
= Degree of membership of each antecedent 

• min = AND operator (take the minimum value) 

 

(iii) At the aggregation stage, the contributions of all active rules with the same consequent are 

combined into a single fuzzy output set. 

µ𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒𝑑 (𝑥) =  max (α1,α2,...,αn) (5) 

• µaggregated (x) = Aggregation value for output x 

• α1,α2,...,αn= rule activation value that has the same consequent 

• max= Operator OR (maximum value) 

 

Next, this aggregate set is used to clip the membership curve of the output triangle into a trapezoid 

with height (h). 
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µ𝑐𝑙𝑖𝑝𝑝𝑒𝑑(xkiri) = a + h(b −  a)(Rising slope) (6) 

µ𝑐𝑙𝑖𝑝𝑝𝑒𝑑(xkanan) =  c − h(c - b)(Falling slope) (7) 

• h = clipping height 

• Z = Continuous heavy trapezoid (6,9,10) 

• xkanan,xkiri= intersection points on the left and right sides of the triangular membership 

curve 

 

(iv) Defuzzification. This study uses centroid defuzzification COG (Center of Gravity) in continuous 

to convert fuzzy outputs into clear rules based on predetermined membership functions. 

Z=
∫ xµ

clipped
(x)dx

∫µ
clipped

(x)dx
 (8) 

• Z= Final crisp output value of disease confidence level (firm) 

• x = Domain points on output (e.g., 0-10) 

• μ
clipped

(x) = membership degree of clipping result in the output domain  

• ∫ µ
clipped

(x)dx=  the area under the output fuzzy curve 

• ∫ µ
clipped

(x)dx= curve momen about the vertical axis  

1.4. Knowledge Base Design 

The design of the knowledge base is used as an important point in the reasoning process in the 

expert system to be designed, the knowledge base is made from information obtained from a skin disease 

specialist, be it the type of disease, the name of the symptoms and the degree of belief of an expert for 

each symptom of various types of diseases, as well as the attachment of the two in the form of production 

rules. To facilitate the implementation of system maintenance, this knowledge is presented regularly 

through some of the main components we will discuss. 

1.4.1. Types of Skin Diseases 

Types of skin diseases that have been identified through research at Bima City Hospital include 6 

(six) types of human skin diseases, along with disease codes, as presented in Table 2. 

 

Table 2. Types of human skin diseases 

Disease Code Disease Name 

P01 Leprosy 

P02 Allergic dermatitis 

P03 Cellulite 

P04 Psoriasis 

P05 Scabies 

P06 Leukoderma 

 

Table 2 lists the types of skin diseases from research conducted by an expert author. 

1.4.2. Symptoms of Skin Diseases 

Every cause will have consequences, as well as the existence of this skin disease, which, of course, 

has early symptoms before the disease becomes apparent, as presented in Table 3. 
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Table 3. Symptoms of human skin diseases 

Symptom Code Symptom Name 

G01 itching, redhead spots at the crotch 

G02 red patches on the face 

G03 Itching on the face and feet 

G04 itching to pain in the legs 

G05 There are red lines and red spots on the legs 

G06 Swelling in the legs 

G07 Peeling and itchy skin 

G08 Dry skin 

G09 Red spots all over the body 

G10 Itching and red patches on the legs 

G11 Reddish skin 

G12 Skin feels thick on the face (numbness) 

G13 Nosebleeds 

 

Meanwhile, Table 3 shows that there are 13 types of human skin disease symptoms. 

1.4.3. Decision Table 

The decision tree and the rules are created using the decision table as a guide. Table 4 displays the 

decision table based on the collected data. 

 

Table 4. Decision table 

Symptoms 

/Diseases 

P01 

P01 

P02 

P02 

P03 

P03 

P04 

P04 

P05 

P05 

P06 

P06 G01      √ 
G02  √     

G03  √     

G04     √  

G05   √    

G06   √    

G07    √   

G08    √   

G09     √  

G10     √  

G11  √     

G12 √      

G13 √      

 

The results table is a summary of expert knowledge that presents the relationship between 

symptoms and diseases in the form of a structured matrix of rows, which will be explained in Table 5. 

 

Table 5. Relationship main rules 

1.4.4. Determination of Symptom Values Experts 

The weight of the disease is the value of an expert's conviction in a symptom, and each symptom 

Disease Code Main Rule 

P01 G12 & G13 
P02 G11. G02 & G03 

P03 G05 & G06 

P04 G07 & G08 

P05 G09. G10 & G04 

P06 G01 
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on human skin has a weight value that has, of course, been established by an expert. The expert's 

confidence in a symptom that influences the incidence of a certain disease is represented by this weight 

value. The following is a table of symptom weight convictions obtained from the results of research at 

the Bima City Hospital, explained in Table 6. 

 

Table 6. Disease Value/Weight from experts 

No. Name of the disease Symptoms Value/weight 

1.  Leprosy A Sore Throat in the Face 0.9 

Squirting 0.5 

2.  Allergic dermatitis Itching on the face and feet 0.9 

Red patches on the face 0.5 

Reddish skin 0.7 

3.  Cellulite There are red streaks and red spots on the legs 0.9 

Swelling in the legs 0.8 

4.  Psoriasis Peeling and itchy skin 0.9 

Dry skin 0.7 

5.  Scabies Itching and red patches on the legs 0.8 

Red spots all over the body 0.6 

Itching and pain in the legs 0.5 

6.  Leukoderma Itching and red spots crossed 0.9 

 

The criteria used to assess the level of confidence and determine the credibility of an expert on 

each symptom in this study are shown in Table 7. 

 

Table 7. Confidence value provisions 

No. Level Value 

1.  Pretty sure 0.1 - 0.4 

2.  Confident 0.5 - 0.8 

3.  Very confident 0.9 - 1 

1.4.5. Rule-Based 

The rules of production are basically written in the form of an IF-THEN pattern. This rule can be 

interpreted as a two-way implicit relationship between the premise (IF) and the conclusion part (THEN). 

If the premise part is met, then the conclusion will be True. 

In cases where there is a conflict in which several rules are triggered simultaneously, resulting in 

more than one candidate disease, this condition is overcome through Mamdani fuzzy inference, in which 

each rule produces a confidence value obtained from symptom membership. After aggregation and 

defuzzification, the disease with the highest crisp value is selected as the final diagnosis result. 

 

Table 8. Rule-based knowledge for human skin disease 

Rule ID Disease code Disease name Rule 

R1 P01 Leprosy IF G12 AND G13 

R2 P01 Leprosy IF G12 

R3 P01 Leprosy IF G13 

R4 P02 Allergic Dermatitis IF G03 AND G11 AND G02 

R5 P02 Allergic Dermatitis IF G03 AND G11 

R6 P02 Allergic Dermatitis IF G03 

R7 P03 Cellulite IF G05 AND G06 

R8 P03 Cellulite IF G06 

R9 P04 Psoriasis IF G07 AND G08 
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Rule ID Disease code Disease name Rule 

R10 P04 Psoriasis IF G07 

R11 P05 Scabies IF G09 AND G04 

R12 P05 Scabies IF G09 AND G10 

R13 P05 Scabies IF G10 

R14 P06 Leukoderma IF G01 

R15 P02 Allergic dermatitis IF G02 AND G11 

R16 P02 Allergic dermatitis IF G02 

R17 P02 Allergic dermatitis IF G11 

R18 P04 Psoriasis IF G08 

R19 P04 Psoriasis IF G09 

R20 P01 Leprosy IF G12 AND G05 

R21 P03 Cellulite IF G06 AND G10 

R22 P05 Scabies IF G04 AND G01 

R23 P02 Allergic dermatitis IF G11 AND G07 

R24 P04 Psoriasis IF G08 AND G13 

R25 P06 Leukoderma IF G01 AND G02 

R26 P02 Allergic dermatitis IF G03 AND G02 

1.5. System Design 

In this section, the researcher conducts an expert system design that will provide an initial 

overview of the flow of the system and later implement it in the program that will be built by the 

researcher, as explained in Figure 4. 

 

 
Figure 4. Sistem flow diagram 

 

Figure 4 shows that this expert system consists of three main processes: login, data processing, 

and consultation. In the login process, admins with valid usernames and passwords can access the 

system. In the data processing stage, admins input symptom, disease, and disease information data, 

which are stored in the respective tables. In the consultation process, users perform diagnoses and view 

the results, which are also forwarded to the admin for monitoring. 

3. RESULT 

3.1 Formation of Fuzzy Sets 

In the formation of fuzzy sets, 3 things must be considered in determining the fuzzy set related to 

human skin symptoms, namely, in each symptom, there is a level of severity, namely, Light, Medium, 

and Severe, and this determination uses the Mamdani fuzzy calculation method with the formula 

described above, will be shown in Figure 5 and Table 9. 
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Figure 5. Symptom variable membership function 

 

Figure 5 illustrates the membership function of symptom variables mapped to three fuzzy 

categories, namely mild, moderate, and severe, using a triangular curve.  

The user-input parameter values indicate the range of values for each symptom severity category, 

namely mild (0,1,4), moderate (3,5,7), and severe (6,9,10). These values are used to determine the 

severity of input values suffered by users in the designed application. The overlapping ranges allow each 

symptom input value to have a degree of membership in more than one category, making it more suitable 

for modeling the variation in symptom severity in the system, as described in Table 9. 

 

Table 9. fuzzy variable parameter value sets 

No. Fuzzy sets Range 

1 Light 0.1.4 

2 Medium 3.5.7 

3 Weight 6.9.10 

 

The membership functions are as follows: 

μRingan(x)=

{
 
 

 
 

0, 

x - 0

1 - 0
;

4 - x

4 -1
;

x ≤ 0

0 < x≤1

1 < x<4

 

μSedang(x)=

{
 
 

 
 

0, 

x - 3

5 - 3
;

7 - x

7 - 3
;

x ≤ 3

3 < x≤5

5 < x<7

 

μ Berat(x)=

{
 
 

 
 

0, 

x - 6

9 - 6
;

10 - x

10 - 9
;

x ≤ 6

6 < x≤9

9 < x<10

 

3.2 The Process of Determining the Type of Human Skin Disease 

This section describes the results obtained from the implementation and testing of a human skin 

disease detection system developed by the author, using forward chaining and Mamdani fuzzy logic 

techniques. The following is an example of a case that has been filled in by users through the designed 

application: 
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3.2.1 Forward Chaining Process 

The initial stage involves determining active IF-THEN rules for each symptom in accordance 

with the previous explanation, so that the process of determining the type of skin disease becomes 

systematic and structured as expected. Check each process, as follows: 

(i) Rule 4: IF itching on the face and feet AND reddish skin AND red patches on the face THEN the 

disease is Allergic dermatitis 

Premis R4: G03 (True) AND G11(True) AND G02(True) 

Then R4 is satisfied (P02 is supported by R4) 

(ii) Rule 5: IF itching on the face and feet AND reddish skin THEN the disease is Allergic dermatitis. 

Premis R5: G03 (True) AND G11(True) 

Then R5 is satisfied (P02 is supported by R5) 

(iii) Rule 6: IF itching on the face and feet THEN the disease is Allergic dermatitis. 

Premis R6: G03 (True) 

Then R6 is satisfied (P02 is supported by R6) 

3.2.2 Fuzzyfication 

Once the relevant rules are activated, the system will evaluate user input to calculate the 

appropriate membership value. 

[R4] IF itching on the face and feet (G03) AND reddish skin (G11) AND red patches on the face 

(G02) THEN the disease is Allergic dermatitis (P02). 

(i) Substitution xG03=8 

The user input value from G03 shows the number 8, and its membership function is shown in 

Figure 6. 

 

 
Figure 6. Variable membership function G03 

 

μ Berat(x)=

{
 
 

 
 

0, 

x - 6

9 - 6
;

10 - x

10 - 9
;

x ≤ 6

6 < x≤9

9 < x<10

 

μ=
x - a

b - a
 

μ=
8 - 6

9 - 6
 

μ=
2

3
 = 0,67 

(ii) Substitution xG11=5 

The G11 input data has a value of 5, as illustrated in Figure 7. 
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Figure 7. Variable membership function G11 

 

μ Sedang(x)=

{
 
 

 
 

0, 

x - 3

5 - 3
;

7 - x

7 - 3
;

x ≤ 3

3 < x≤5

5 < x<7

 

μ
s
=

c - x

c - b
 

μ
s
=

7 - 5

7 - 5
 

μ
s
=

2

2
 = 1 

(iii) Substitution xG02=2 

The user input value from G02 is 5, then the membership variable will be displayed in Figure 8. 

 

 
Figure 8. Variable membership function G02 

 

μRingan(x)=

{
 
 

 
 

0, 

x - 0

1 - 0
;

4 - x

4 -1
;

x ≤ 0

0 < x≤1

1 < x<4

 

μ
R

=
c - x

c - b
 

μ
R

=
4 - 2

4 - 1
 

μ
R

=
2

3
 = 0,67 
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3.2.3 Inference 

After determining the initial stage, namely fuzification, we will determine the second stage, 

namely fuzzy inference: 

(i) Active rule R4 = G03 AND G11 AND G02 THEN P02 

ûG03= μ
G03

×ωi = 0,67 × 0,9 = 0,60 

ûG11=μ
G11

×ωi = 1 × 0,7 = 0,7 

ûG02=μ
G02

×ωi = 0,67 × 0,5 = 0,33 

αR4=min(0,60, 0,7, 0,33) 

αR4(0,33)=0,33 

(ii) Active rule R5 = G03 AND G11 THEN P02  

ûG03= μ
G03

×ωi = 0,67 × 0,9 = 0,60 

ûG11=μ
G11

×ωi = 1 × 0,7 = 0,7 

αR5=min(0,60,0,7) 

αR5(0,60)=0,60 

(iii) Active rule R6 = G03 THEN P02 

ûG03= μ
G03

×ωi = 0,67 × 0,9 = 0,60 

αR6=min(0,60) 

αR6(0,60)=0,60 

3.2.4 Aggregation 

After the inference process produces activation degrees for active rules, an aggregation stage is 

performed to combine all rule outputs into a single fuzzy set. 

µ
aggregated

(0,60)= max(0,33, 0,60, 0,60)=0,60 

Clipping on heavy output domains (a=6, b=9, c=10): 

µ
clipped

(xkiri)=6+0,60×(9-6) 

µ
clipped

(xkiri)=6,6×(3) = 7,80 

µ
clipped

(xkanan)=10 - 0,60×(10 - 9) 

µ
clipped

(xkiri)=9,4×(1) = 9,40 

3.2.5 Defuzzification 

After determining the aggregation and cutting stages, the next step is defuzzification. In the 

continuous centroid approach. 

(i) Rising: µ(6→7,80) =
x -6

9 - 6
 

Zµ=∫ x
7,8

6

x - 6

3
 dx =

1

3
  {

(x - 6)
2

2
}=

(1,8)
2

6
 =0,54 

Zxµ=∫ x
7,8

6

x - 6

3
 dx=

1

3
  {

(x - 6)
3

2
+6

(x - 6)
2

2
}=3,89 

 

https://jutif.if.unsoed.ac.id/
https://doi.org/10.52436/1.jutif.2026.7.4.5676


Jurnal Teknik Informatika (JUTIF)  Vol. 7, No. 4, August 2026, Page. 3735-3753 
P-ISSN: 2723-3863  https://jutif.if.unsoed.ac.id                                       

E-ISSN: 2723-3871  DOI: https://doi.org/10.52436/1.jutif.2026.7.4.5676 

 

 

3748 

(ii) Plateau: µ(7,80→9,40) =0,60 constant 

x=9,40 - 7,80=1,60,  Zµ=0,60×1,60=0,96 

Zxµ=0,60× 
9,402 - 7,802

2
=0,60×

88,36 - 60,84

2
=

27,52

2
=0,60×13,76=8,26 

(iii) Falling: µ(9,40→10)=10 - x 

Zµ=∫ x
10

9,4

(10 - x)dx =∫ x
10

9,4

(10x - x2)dx= {5x2 - 
x3

3
}=1,73 

∫𝑥µ =  3,89 + 8,26 + 1,73 = 13,88 

∫µ =  0,54 + 0,96 + 0,18 = 1,68 

𝑍 =
13,88

1,68
 = 8,26 

Convert to percentage: 

𝑍 =
8,26

10
 × 100% = 82,6% 

So it can be concluded that the level of trust, Confident = 82,6% P02 (Allergic dermatitis) 

3.3 System Data Testing  

In the data testing process, there were 19 test data points that matched the expert diagnosis and 1 

test data point that did not match in U06 (the system diagnosed differently due to the activation of cross-

symptom rules, even though the defuzzification was valid), and these are shown in Table 10.  

 

Table 10. System accuracy data testing 

Case 

Code 

(U) 

Active rule 

Diagnosis 
Defuzzification 

results 
Percentage(%) Doctor System 

Code of the disease 

U01 R4. R5. R16. R17 P02 P02 8.90 89% 

U02 R5. R16 P02 P02 8.70 87% 

U03 R1. R2 P01 P01 9.0 90% 

U04 R20 P01 P01 8.6 86% 

U05 R4. R5 P02 P02 8.9 89% 

U06 R24 P01 P04 8.1 81% 

U07 R14 P06 P06 9.1 91% 

U08 R11 P05 P05 8.3 83% 

U09 R9 P04 P04 8.8 88% 

U10 R7 P03 P03 8.6 86% 

U11 R3 P01 P01 8.8 88% 

U12 R17 P02 P02 8.3 83% 

U13 R26 P02 P02 8.4 84% 

U14 R13 P05 P05 8.7 87% 

U15 R22 P05 P05 8.0 80% 

U16 R25 P06 P06 8.9 89% 

U17 R15 P02 P02 8.7 87% 

U18 R23 P02 P02 8.6 86% 

U19 R6 P02 P02 8.5 85% 

U20 R21 P03 P03 8.2 82% 
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Table 10 presents 20 test datasets. Of the 20, one was found to be inconsistent. In test case U06, 

only rule R24 was activated during the forward chaining process. Rule R24 is based on symptoms shared 

by diseases P01 and P04, which limits its ability to distinguish disease-specific characteristics. As a 

result, the final diagnosis is heavily influenced by the input severity values and the aggregation and 

defuzzification processes, which determine which disease achieves the highest confidence level. The 

overall accuracy of the system's test data is then determined using the following equation: 

Accuracy=
number of correct diagnoses

total quantity of test instances
×100% (9) 

In this test, the number of correct diagnoses was 19 out of 20 test cases. Therefore, the accuracy 

of the system is calculated as follows: 

Accuracy=
19

20
×100%= 95% 

These results show that the proposed system is capable of diagnosing with an accuracy rate of 

95% based on the application test data above. 

4. DISCUSSION 

4.1. System Accuracy Analysis  

An accuracy analysis of the system was conducted to evaluate the consistency between the 

diagnostic results generated by the proposed system and the diagnoses provided by medical experts. The 

test results showed that the system successfully diagnosed 19 out of 20 test cases correctly, resulting in 

an accuracy of 95%. Based on this accuracy value, it can be seen that the integration of these two 

methods is effective in supporting the design of skin disease diagnosis applications. 

There was one test data point that was misclassified, indicating that overlapping symptoms among 

several skin diseases can affect rule activation and confidence calculations. Overall, the accuracy of the 

system obtained shows that the proposed expert system can provide reliable diagnostic support, 

especially for the early identification of skin diseases. However, it still requires validation by medical 

professionals for a final diagnosis.  

4.2. Comparison with Previous Studies 

revious research by Isnanto et al. employed a hybrid approach combining forward chaining and 

Tsukamoto fuzzy inference for diphtheria diagnosis and reported a diagnostic accuracy of 92%. 

However, the study focused on a single disease, with a limited diagnostic scope, and did not explicitly 

provide confidence levels derived from expert-defined weights. In addition, the system evaluation was 

conducted within a constrained testing context and implemented as a non-web-based application. In 

contrast, the proposed system addresses a broader diagnostic domain by covering six types of human 

skin diseases based on 13 symptoms, with knowledge acquired directly through interviews with a 

practicing dermatologist. The system is implemented as a web-based application, allowing wider 

accessibility and practical use for both medical personnel and the general public. Evaluation using 20 

real test cases shows a higher diagnostic accuracy of 95%, and the system uniquely provides 

interpretable diagnostic confidence levels through the integration of forward chaining and Mamdani 

fuzzy inference with expert-defined confidence weights.Each study has different advantages.  

Nevertheless, despite achieving higher accuracy and broader disease coverage, the proposed 

system is still limited by the relatively small number of test cases and reliance on a single expert source, 

whereas some related studies employ larger datasets or multiple validation sources. This limitation 
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highlights the need for further validation using larger datasets and multi-expert aggregation in future 

research. 

4.3. Distribution of Skin Diseases in System Usage 

This subsection displays a diagram of the distribution of skin disease cases generated by the 

application's analysis, providing an overview of the frequency of each type of disease most commonly 

diagnosed by the system. Visualization is performed using a pie chart to illustrate the percentage of each 

disease and a bar chart to show a quantitative comparison of the number of cases, as shown in Figures 

8 and 9. 

 

 
Figure 8. Distribution Proportion of 20 test data from skin diseases 

 

Figure 8 illustrates the distribution of human skin disease cases, as output from the designed 

system, in the form of a pie chart. 

 

 
Figure 9. Prevalence graph for 20 test data 

 

Figure 9 shows the number of human skin disease cases for each disease in the form of a bar chart, 

thereby clarifying the quantitative comparison. 

4.4. Limitations System, and Future Research Directions 

Although the results obtained in this study are promising, there are certainly several limitations 

to the proposed expert system. One of the main limitations lies in the amount of data used for system 

evaluation. The testing process was carried out using a limited number of test cases, which could affect 

the generalization of diagnostic accuracy results. Another limitation relates to the knowledge acquisition 

process. Diagnostic rules and fuzzy membership functions were obtained from a limited number of 
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experts, which may introduce subjectivity in the weighting of symptoms and the formulation of rules. 

As a result, the effectiveness of the proposed system depends heavily on how well expert knowledge is 

formulated and stored in this knowledge base. 

Future research directions may include expanding the number of diseases, symptoms, and 

diagnostic rules to improve the coverage and accuracy of the system. Involving multiple medical experts 

in the knowledge acquisition process is also recommended to improve the robustness and reliability of 

the system. Additionally, future studies may explore the integration of data-driven approaches, such as 

machine learning or image-based analysis, to complement existing rule-based and fuzzy inference 

mechanisms. Comprehensive validation using larger and more diverse datasets is also necessary to 

strengthen the proposed system's application in real-world clinical settings. 

4.5. Informatics Implications 

From an informatics perspective, knowledge base design and fuzzy membership functions play a 

crucial role in determining the robustness and maintainability of expert systems. A structured rule base 

combined with clearly defined membership functions allows for consistent handling of uncertainty and 

overlapping phenomena, thereby enhancing system robustness. Furthermore, separating domain 

knowledge from the inference mechanism allows rule updates without modifying the core logic, which 

improves maintainability and supports system scalability. 

Despite these advantages, using a single expert during knowledge acquisition can introduce expert 

bias, potentially affecting the system's generalizability. To address this limitation, future system 

development should consider multi-expert knowledge aggregation using weighted average or 

consensus-based methods. This approach is expected to improve the reliability of the knowledge base 

and strengthen the robustness of expert systems in practical applications. 

5. CONCLUSION 

This study developed a web-based expert system for early detection of skin diseases by integrating 

forward chaining and Mamdani fuzzy inference to process combinations of symptoms and expert-

defined weights. The system provided diagnostic results with confidence levels, and testing on 20 cases 

showed 95% agreement with dermatologists' diagnoses, indicating its suitability as a pre-diagnosis tool 

for the public and as a decision support tool for healthcare professionals. Future work will focus on 

expanding disease coverage, incorporating multi-expert weighting, and conducting clinical validation 

using a larger and more diverse dataset to improve the system's robustness. 
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   R i =IF   G  i1  ⩑   G  i2  THEN   P 1


  μ(x)=  {    0,      (x - a)   (b - a) ;     (c - x)  (c - b) ;       x  ≤  a atau x ≥c   a  <  x≤b   b  <  x<c


  x


  a 


  b 


  c 


  μ(x) 


   û i  =   μ i ×ωi


   û i


   μ i


   ω i = expert weight of symptom i, doctor's level of confidence


   α j =min(µ1,µ2,....,µn)


   α j


   μ 1 ,  μ 2 ,...,  μ n


  min 


  µ a g g r e g a t e d   ( x ) =   max (  α 1 ,  α 2 ,...,  α n )


   α 1 ,  α 2 ,...,  α n


  max


  µ c l i p p e d (  x  kiri ) = a + h ( b   −   a ) ( Rising   slope )


  µ c l i p p e d (  x  kanan ) =   c − h (c - b) ( Falling   slope )


   x  kanan ,  x  kiri


  Z=      ∫  xµ  clipped (x)dx     ∫ µ  clipped (x)dx


  x 


   μ  clipped (x)


     ∫ µ  clipped (x)dx


     ∫ µ  clipped (x)dx


  μRingan  ( x ) =  {    0,      x - 0  1 - 0 ;     4 - x  4 -1 ;    x  ≤  0   0  <  x≤1   1  <  x<4


  μSedang  ( x ) =  {    0,      x - 3  5 - 3 ;     7 - x  7 - 3 ;    x  ≤  3   3  <  x≤5   5  <  x<7


  μSedang  ( x ) =  {    0,      x - 3  5 - 3 ;     7 - x  7 - 3 ;    x  ≤  3   3  <  x≤5   5  <  x<7


  μ Berat  ( x ) =  {    0,      x - 6  9 - 6 ;     10 - x  10 - 9 ;    x  ≤  6   6  <  x≤9   9  <  x<10


  μ Berat  ( x ) =  {    0,      x - 6  9 - 6 ;     10 - x  10 - 9 ;    x  ≤  6   6  <  x≤9   9  <  x<10


   x  G03 =8


 


 


 


  μ=   8 - 6  9 - 6


  μ=   8 - 6  9 - 6


 


 


   x  G11 =5


  μ Sedang  ( x ) =  {    0,      x - 3  5 - 3 ;     7 - x  7 - 3 ;    x  ≤  3   3  <  x≤5   5  <  x<7


   μ s =   c - x  c - b


   μ s =   c - x  c - b


   μ s =   7 - 5  7 - 5


   μ s =   7 - 5  7 - 5


   μ s =  2 2  = 1


   μ s =  2 2  = 1


   x  G02 =2


  μRingan  ( x ) =  {    0,      x - 0  1 - 0 ;     4 - x  4 -1 ;    x  ≤  0   0  <  x≤1   1  <  x<4


   μ R =   c - x  c - b


   μ R =   c - x  c - b


   μ R =   4 - 2  4 - 1


   μ R =   4 - 2  4 - 1


   μ R =  2 3  = 0,67


   μ R =  2 3  = 0,67


   û  G03 =   μ  G03 ×  ω i


   û  G11 =  μ  G11 ×  ω i


   û  G02 =  μ  G02 ×  ω i


   α  R4 =min(0,60, 0,7, 0,33)


   α  R4 (0,33)=0,33


   α  R4 (0,33)=0,33


   û  G03 =   μ  G03 ×  ω i


   û  G11 =  μ  G11 ×  ω i


   α  R5 =min  ( 0,60,0,7 )


   α  R5 (0,60)=0,60


   α  R5 (0,60)=0,60


   û  G03 =   μ  G03 ×  ω i


   α  R6 =min  ( 0,60 )


   α  R6 (0,60)=0,60


   α  R6 (0,60)=0,60


   µ  aggregated (0,60)= max(0,33, 0,60, 0,60)=0,60


   µ  clipped  (  x  kiri ) =6+0,60×  ( 9-6 )


   µ  clipped  (  x  kiri ) =6,6×(3) = 7,80


   µ  clipped  (  x  kiri ) =6,6×(3) = 7,80


   µ  clipped  (  x  kanan ) =10 - 0,60×(10 - 9)


   µ  clipped  (  x  kanan ) =10 - 0,60×(10 - 9)


   µ  clipped  (  x  kiri ) =9,4×(1) = 9,40


   µ  clipped  (  x  kiri ) =9,4×(1) = 9,40


  : µ(6→7,80) =   x -6  9 - 6


   Z µ =   ∫ 6  7,8 x   x - 6 3  dx =  1 3     {   (x -    6) 2 2 } =   (1,   8) 2 6  =0,54


   Z  xµ =   ∫ 6  7,8 x   x - 6 3  dx=  1 3     {   (x -    6) 3 2 +6   (   x - 6) 2 2 } =3,89


   Z  xµ =   ∫ 6  7,8 x   x - 6 3  dx=  1 3     {   (x -    6) 3 2 +6   (   x - 6) 2 2 } =3,89


  µ(7,80→9,40) =0,60


  x=9,40 - 7,80=1,60,  Zµ=0,60×1,60=0,96


  Zxµ=0,60×    9,4  0 2  - 7,8  0 2 2 =0,60×   88,36 - 60,84 2 =   27,52 2 =0,60×13,76=8,26


  Zxµ=0,60×    9,4  0 2  - 7,8  0 2 2 =0,60×   88,36 - 60,84 2 =   27,52 2 =0,60×13,76=8,26


  µ(9,40→10)=10 - x


   Z µ =   ∫  9,4  10 x (10 - x)dx =   ∫  9,4  10 x (10x -   x 2 )dx=  { 5  x 2  -     x 3 3 } =1,73


   ∫  x µ =   3 , 89 + 8 , 26 + 1 , 73 = 13 , 88


   ∫  x µ =   3 , 89 + 8 , 26 + 1 , 73 = 13 , 88


   ∫ µ =   0 , 54 + 0 , 96 + 0 , 18 = 1 , 68


   ∫ µ =   0 , 54 + 0 , 96 + 0 , 18 = 1 , 68


  Z =   13 , 88  1 , 68   = 8 , 26


  Z =   13 , 88  1 , 68   = 8 , 26


  Z =   8 , 26 10   × 100 % = 82 , 6 %


  Accuracy=   number of correct diagnoses  total quantity of test instances ×100%


  Accuracy=   19  20 ×100%= 95%

