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Abstract 

Hepatitis B is a virus, which can attack the liver of a human body and leads to major disease of the liver. The 

prime aim or objective of this research work is to develop a medical diagnostic system to diagnose the Hepatitis 

B virus infection. A multi-layered fuzzy inference system has been proposed by using the Mamdani fuzzy model. 

In this proposed system, there are two layers, and both layers have different input variables. This system classifies 

the hepatitis B patient and non-hepatitis B patients into different classes. The input variables used for layer 1 are 

jaundice, dark urine, abdominal pain and vomiting. Similarly, layer 2 uses the input variables such as HBsAg, 

Anti-HBs or HBsAb, Anti-HBc or HBcAb, HBV DNA and Anti-HBcAg-IgM. The layer 1’s output is also used 

as the input for layer 2. The layer 1’s output is either yes or no as this layer only detects whether the individual 

suffering from this virus or not. Likewise, layer 2 gave the output as no HBV, acute disease or chronic disease. 

The accuracy of the system is also evaluated with test cases. Various parameters used to calculate the performance 

of the system are also determined. The classification accuracy of this system is 94%. 
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1. Introduction 

Hepatitis B is a deadly and severe infection of the liver. This infection is mainly caused by a virus namely hepatitis 

B virus or HBV [1]. This disease is also a major health issue globally. If this disease is not diagnosed at a time 

then this will lead to chronic infection and also the probability of death of that particular patient increases due to 

liver cancer or cirrhosis [2]. The hepatitis B virus-infected more than 240 million people at a global level. Hence, 

the treatment of this disease became crucial [3]. 

In the past years, this disease grabs attention at a wider level as this disease has an extreme risk of cancer as well 

as the liver diseases on the health of human. Various researchers used different methodologies for the detection 

as well as diagnosis of Hepatitis B infection. The biomarkers for this disease has been identified and also compared 

with each other bu using the multimodel biomarkers [4]. The mining mutation hotspots were also used by the 

researchers to identify or to detect the best clinical biomarkers. The feature tree has been used to find the 

contribution of the biomarkers in causing disease. These biomarkers are further assists in the detection and 

treatment of the HBV virus in a particular patient at early stages [5].  

The Granular Comping theory has been used to categorize the life-threatening disease by using the symptoms and 

stages [6]. There are numerous cells which cause this Hepatitis B. These host cells are identified by using the 

mathematical models, and also this model helps to understand the dynamic nature of cells. The different symptoms 

are accounted, and according to those symptoms, Hepatitis B is diagnoses [7]. There are five different viruses 

which can be considered as hepatitis infection. These are HAV, HEV, HBV, HCV and HDV. The classifiers such 

as Naïve Bayes, J48 and K-Star have been used to classify these different viruses into distinct classes [8]. The 

HBV RNA is also a biomarker for hepatitis B infection that circulate in the patient body [9]. 

The data mining approaches such as clustering, classification and others are also used for the diagnosis of Hepatitis 

B infection. The meaningful information from the experimental results is also extracted by using data mining 

techniques [10]. The missing values and normalization on the experimental data are also done by using data 

mining techniques [11].  The K-means classification s also used for the classification of different DNAs that 

causes this deadly disease [12], [13]. The Bayesian inference based methodology has been used for the detection 

of several viruses like hepatitis B virus, hepatitis C virus, as well as HIV. This detection basically has been done 
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according to the mutation patterns [14]. The random forest technique with Bayesian has been used for the 

prediction of risk factors of this severe disease [15]. The decision tree algorithms are also used to propose a system 

which can analyze the disease from its symptoms and having better accuracy [16], [17]. 

An expert system by using the Generalized Regression Neural Network has been proposed for the early detection 

of Hepatitis B. This proposed system classified the infected patients and non-infected patients into two different 

classes [18], [19]. The other artificial intelligence approaches such as support vector machine and neural networks 

were also applied to propose a system which aids in the diagnosis of hepatitis B infection. This developed system 

classifies the patient into six distinct classes [20], [21]. 

The hybrid system like adaptive neuro-fuzzy inference system, which is a combination of two different approaches 

of artificial intelligence, i.e. fuzzy logic and neural network, is also used for the recognition of hepatitis B. 

Additionally, the comparison of Support vector machine and the neural network has been made [22]. The multi-

layered fuzzy inference system has been developed by using numerous risk factors as the input variables and 

classify the disease into distinct classes [23].  

The fuzzy logic is utilize to evaluate the values between 0 and 1 [24], [25]. It calculates the values which lie 

between the completely true and completely false [26]. This theory is used to deal with fuzzy values or imprecise 

values [27], [28]. The fuzzy logic is used to develop an expert system, and this system has the following 

blocks[29], [30]: 

• Fuzzification: It converts the crips input given by the user into fuzzy values. 

• Inference Engine: It assists in the mapping of suitable rules which are kept in the knowledge base to the 

given input and provide the output in a fuzzy set. 

• Defuzzification: It transforms the output provided by the inference engine in the fuzzy set into the crisp 

set. 

The composition of the rest of the paper is as section 2 elaborates the methodology used to develop the system, 

section 3 shows the result of the proposed system and the conclusion is presented in section 4. 

2. Methodology 

Figure 1 shows the methodology used to develop a multi-layered system by using fuzzy logic for the diagnosis of 

Hepatitis B.  

 

 
Figure 1: Methodology used to develop a system 
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Figure 2 presents the multi-layered expert system to diagnose the Hepatitis B. In this proposed system, the first 

layer, i.e. layer 1 used clinical symptoms as the input variables and give the output either yes or no which means 

this layer only detects whether the patient is suffering from the hepatitis B disease or not. Likewise, in the second 

layer, i.e., layer 2, the laboratory test values are used as the input variables which will detect the condition of the 

patient either no hepatitis B or chronic or acute. The several input variables used in layer 1 and layer 2 are given 

below: 

Layer 1: Clinical symptoms 

• Jaundice 

• Dark Urine 

• Abdominal Pain 

• Vomiting 

Layer 2: Laboratory test 

• HBsAg  

• Anti-HBs or HBsAb  

• Anti-HBc or HBcAb  

• HBV DNA 

• Anti-HBcAg-IgM 

 

Figure 2: Development of Multi-layered Fuzzy inference system for the diagnosis of Hepatitis B 

a. Input variables  

In input variables with its membership functions used in layer 1 and layer 2 of the multi-layered fuzzy expert system 

to diagnose the Hepatitis B are shown in the figures. Figure 3-6 presents the input variables of layer 1 and similarly, 

figure 7-11 displays the layer 2’s input variables of the medical diagnostic system. 
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Figure 3: Input variable of layer 1, “Jaundice.” 

 

 

Figure 4: Input variable of layer 1, “Dark Urine.” 

 

 

Figure 5: Input variable of layer 1, “Abdominal Pain.” 
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Figure 6: Input variable of layer 1, “Vomiting.” 

 

Figure 7: Input variable of Layer 2 “HBsAg.” 

 

Figure 8: Input variable of Layer 2 “Anti-HBs.” 
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Figure 9: Input variable of Layer 2 “Anti-HBc.” 

 

Figure 10: Input variable of Layer 2 “HBV DNA.”

 

Figure 11: Input variable of Layer 2 “Anti-HBcAg-IgM.” 
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b. Rules

The knowledge base of an expert system is used to store the rules. The information is gathered from the 

professionals or experts of the disease, and according to that information, the rules are generated to detect the 

disease. The framework of rules of layer 1 and layer 2 is represented in figure 12 and 13, respectively. The number 

of rules in layer 1 is 24, and likewise, the number of rules in layer 2 is 108. 

 

 

Figure 12: Framework of rules of layer 1 

 

Figure 13: Framework of rules of layer 2 

c. Output Variables 

In the proposed medical diagnostic system, every layer has its individual output. Figure 14 and 15 shows 

the output variables of layer 1 as well as layer 2, respectively. 



Dalwinder Singh, Deepak Prashar, Jimmy Singla 

 

589 
 

 

 
Figure 14: Output variables of layer 1 

 

 
Figure 15: Output variables of layer 2 

 

3. Result

Now, the performance of the proposed system is evaluated by comparing the outcome of the proposed system 

with the results given by the experts. If both results, i.e. from system and expert are same, then the system 

classifies the inputs correctly otherwise, not. Table 1 describes the percentage value of performance 

parameters of the proposed medical diagnostic system to diagnose the hepatitis B disease. Figure 16 

represents the graphical form of performance parameters.  

 

 

 

 

Table 1: Performace parameters 



A Multi-layered Fuzzy Inference System for the Diagnosis of Hepatitis B  

 

590 
 

Sr. no. Disease Model Classification 

Accuracy 

(%) 

Specificity 

(%) 

Sensitivity 

(%) 

Precision 

(%) 

1.  Hepatitis B Multi-

layered 

fuzzy logic 

94 91.34 91.66 90.72 

 

 

Figure 16: Graphical representation of performance parameters 

 

4. Conclusion 

The proposed multi-layered fuzzy inference system is a tool used to diagnose Hepatitis B disease. The system 

classifies the non-infected and infected patients into different classes. This system can be used by the fresher doctors 

as well as the experts. The classification accuracy of this developed system is 94%.  

In future work, the input variables can be changed by researching the risk factor more accurately. The membership 

functions can also be replaced by other types of membership functions in order to increase the performance of the 

system.  
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