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 Artificial intelligence (AI) is an advanced scientific technology that can 

provide strong ability to assist in analysis and diagnosis of almost every type 

of data, therefore; AI widely used in medical fields, which is applied in the 

diagnosis and early detection of diseases. Kidney disease is one of the 

common diseases that are diagnosed and the necessary treatments are 

suggested by artificial intelligence. In this research, a logic system was used. 

The fuzzy logic system (FLS) is one of the artificial intelligence systems for 

diagnosing kidney diseases, where the fuzzy logic system divided into five 

variable inputs, namely urea, creatinine, glucose, bun, and uric acid, and 

they represented laboratory tests of the patients, this variables and also three 

outputs were identified, which are chronic inflammation and kidney failure, 

stones and salts, acute inflammation of the kidneys and bladder, which is the 

result of the medical diagnosis of the disease. Five memberships for inputs 

and three memberships for outputs are used in FLS. Diseases are concluded 

based on the values of the inputs, and thus the system proved its 

effectiveness and accuracy in diagnosis and this system is considered an aid 

to the specialized doctors in the field of kidney diseases. 
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1. INTRODUCTION 

Artificial intelligence (AI) has a multiple impact in different fields. Accordingly, there are many 

projects that are being carried out to study the “future work” of the modern industrial revolutions. Therefore, 

artificial intelligence technologies, big data, block-chain and the Internet of Things are all now part of daily 

working life in many fields, such as smart phones, smart televisions, smart watches, or various electrical 

appliances and also the use of security and medical research techniques [1], Figure 1 shows the branches of AI. 

Artificial intelligence is entering the field of medical healthcare by developing clinical decision 

support for patients. The large and rapid developments in improving computation in statistical techniques 

have resulted in the use of artificial intelligence techniques to identify hidden patterns and interactions in the 

large data set, which is usually complex and has multiple levels [2]. Kidney illness may be a major open 

wellbeing problem in portion since of its common etiology caused by diabetes, hypertension, corpulence, 

and maturing; the incidence of these conditions is expanding. According to the Global Burden of Diseases, 

Injuries, and Risk Factors Study 2015, 750 million individuals worldwide suffered from kidney infection [3].  

Electronic medical records (EMR) that contains large-field clinical data, more realistic, and this data is 

the basis for the development of artificial intelligence technology in the field of multiple diseases. This big data 

is very difficult for a person to analyze it directly; the reasons are the large and consuming time for analysis and 
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the accuracy required to avoid human errors, as well as the difficulty in generating ideas or information in a 

deep and accurate manner [4]. In recent studies on the development of artificial intelligence in the field of 

health and medical care, it has been shown that the clinical applications of artificial intelligence. Relatively 

common in many fields such as ophthalmology, oncology and others [5], but we see it rare to use artificial 

intelligence in kidney diseases, despite the availability of large data in this area [6] and one of the most 

common kidney diseases [7]. The hemodialysis center (HD) is performed three times a week for 3−5 hours, 

and thus there will be large amounts of clinical data that will be recorded in the EMR. This is the 

accumulated clinical data are ideal for AI applications [2].  

AI application mechanisms (AITs) were used in many fields, including medical fields such as diagnosing 

diseases, treating diseases, following up on patients’ cases, predicting disease risks, and others. The use of artificial 

intelligence technologies (AITs) enables the design of systems that allow building an intelligent system as a model 

for predicting the patient’s diagnosis and response to specific treatment, as well as knowing the prediction of 

disease severity. It is smart forms that can be used for this purpose is fuzzy logic [8]. The natural developments 

that happen to various diseases, which is characterized by lack of clarity and ambiguity in that medical data may 

lead to the need for a more effective framework to deal with that ambiguity through the use of variables and 

multiple levels of memberships functions and approximate values Boolean. Therefore, fuzzy logic gives value 

to describing medical concepts by treating them as fuzzy sets [9], [10]. Use fuzzy logic in multiple medical 

systems [11]. The Figure 2 show the using fuzzy logic in healthcare. 
 

 

  
  

Figure 1. AI branches Figure 2. Fuzzy logic in healthcare 
 
 

After fuzzy logic was introduced by Lotfi Zadeh in 1965 [12]; however, it has recently generated 

important applications in this area it was interesting [13], [14]. The diagnosis of an illness could be an issue 

in pharmaceutical since a few patients may have comparable indications, but the specialist may diagnose 

different maladies. So, this work will offer assistance specialist when he or she has fluffiness in that 

considering prepare [15], [16]. This study presents straightforward and productive strategy to create fuzzy 

expert systems for restorative determination. 
 

 

2. RELATED WORKS 

Ledbetter et al. [17] a small piece of kidney tissue is taken, which is called a kidney biopsy, through 

which diseases that affect the kidneys are diagnosed, and there are detailed studies to monitor and observe the 

pathological symptoms that result from damage to the glomeruli of the kidneys, which is called idiopathic 

nephrotic syndrome in patients who are at high risk. Biopsy samples were taken from more than 80 patients 

with kidney disease. The neural network inputs used were slices of kidney patients’ images to do network 

learning. 

Gallego et al. [18] the method of learning was used to know the diseases that affect the glomeruli in 

the kidneys after taking a biopsy of the kidneys, and deep artificial neural networks were used to segment the 

glomeruli and detect kidney diseases. Convolutional neural networks were used to develop two methods that 

have the ability to classify patches into glomerular and non-glomerular categories. This network consists of 

eight layers, five of which are convolutional and three of which are fully connected for reducing the number 

of iterations. 

Ayyar et al. [19] used a set of medical images of the glomeruli of the kidneys and extracted a set of 

data from those images and created a glomeruli classification database (GCDB), the images were divided into 

two categories, the first is normal and the other is abnormal. This extracted data is trained by the method of 

deep neural network by these images. The final result is compared for the network with the categories that 

are under supervision. 



                ISSN: 1693-6930 

TELKOMNIKA Telecommun Comput El Control, Vol. 21, No. 2, April 2023: 324-332 

326 

Chimwayi et al. [20] the neural-fuzzy algorithm was applied hierarchical clustering algorithm to 

predict early kidney disease using specific network features. It gave an accuracy of about 70%. Then pooled 

the results of that prediction, to determine the percentage of patients with a high risk of developing kidney 

disease that are likely to have a high risk of diabetes. 

Kunwar et al. [21] they presented research for the detection and analysis of chronic kidney disease 

through the use of fuzzy C-means (FCM) algorithm in which the clustering process is effective in the process 

of mining complex data that is ambiguous in nature among clinicians. This algorithm is concerned with the 

verification and collection of data of patients with chronic kidney disease (CKD) and not the disease itself. 

This algorithm was simulated in Matlab. 

Jamal et al. [22] the z-number method was used together with the fuzzy clustering algorithm to 

increase reliability and human knowledge and to develop information that is uncertain. This algorithm 

collects the data of kidney patients and chooses the group to which the disease belongs (group 0, group 1, 

group 2, group 3, and group 4) based on the membership functions defined in the algorithm, which is the 

trapezoidal function. Using the z-number process with the fuzzy clustering algorithm gave high strength and 

reliability of the results of the proposed algorithm.  

Agusta et al. [23] after collecting kidney patient data from University of California Irvine (UCI) 

groups, the system was developed using MySQL databases with larval framework, and the system used the 

waterfall method, which analyzes the system, design, coding and test it. Fuzzification was used in multiple 

stages. And configure the base rule for certain factor (CF), calculate CF expert, calculate CF values, set CF 

values, and also find CF maximum. After testing the fuzzy system, an accuracy rate of 92.25% was obtained 

for a data set of approximately 400, and also an accuracy rate of 97.25% for the certainty factor, and when 

combining the fuzzy logic and the certainty factor, an accuracy of 99% was obtained. 

Hamedan et al. [24] they used an expert system that relies on fuzzy logic in identifying and 

predicting kidney disease, and then assessing the validity of the system with unclear or confusing data. 

The characteristics and criteria for kidney disease were defined by consulting 18 nephrologists to form rules 

for all these characteristics and cases and serve as a set of rules for fuzzy logic. An expert fuzzy logic system 

was designed to infer about disease and diagnose cases by taking random samples from the records and data 

of 216 patients registered in the medical records of previous auditors, some of whom had the disease and 

others who were not infected, in order to test the validity of the work of the expert system. Also, some noisy 

data were added to the system to compare the results with the clear and original data, and then compare the 

performance of the expert system with the original results proven in the doctor’s records, and the results 

indicated a significant correlation between them. 

Pirmoradi et al. [25] the machine learning method was used to identify miRNAs and classify the types 

of cancerous diseases that affect the kidneys automatically. This algorithm works on two basic steps, the first is 

to apply the feature selection algorithm to select miRNAs for each subtype, and the inequality of arithmetic and 

geometric means (AMGM) measurement feature, which is characterized by high discrimination power, was 

used. The second step is implementing a self-organization deep neurofuzzy system to classify subgroups of 

renal cancer disease. 

Iraji [26] used fuzzy neural networks. The network was based on 24 characteristics of chronic 

kidney disease and 450 samples. Proposed a network to predict and classify disease through two adaptive 

neuro fuzzy and this method called (TLA-ANFIS).  

Sheikhtaheri et al. [27] designed a fuzzy expert system using the Mamdani method with Matlab 

language software. A group of samples were taken from the medical records of (216) patients with chronic 

kidney disease as well as without disease. The expert system for those samples was evaluated and the 

accuracy, quality and sensitivity of the system were very high, indicating the effectiveness of the system 

compared to the final medically recorded diagnosis of the patient. Jindal et al. [28] a smart system was 

designed to diagnose kidney cancer disease by using fuzzy logic and neurofuzzy. Two layers of the system 

were used, the first layer concludes whether the patient has kidney cancer or not, and the second layer 

determines the current stage of the patient who actually has kidney cancer. Gaussian function was used for 

the inputs in a neuro fuzzy system. 
 

 

3. KIDNEY DISEASE 

CKD is one of the diseases that are defined as the changes that occur to the shape or structure of the 

kidneys, as well as the changes that occur in its performance and function, and its impact on human 

health [29], [30]. Chronic kidney disease is known by the changes that you get in the urine continuously or the 

occurrence of some abnormalities in the kidneys’ structure. Most of the individuals who suffer from kidney disease 

are susceptible to other diseases such as (heart and blood vessels), which causes death. In many cases, the cause of 

kidney disease is high blood sugar and also high blood pressure [31]. People with chronic kidney disease have 
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an increased heart rhythm and greater atrial fibrillation compared to patients who do not have such disease, 

which makes them more likely to have a stroke [32]. Figure 3 show the distinguish between normal kidney and 

disease kidney. 
 

 

 
 

Figure 3. Kidney disease 
 

 

4. FUZZY LOGIC CONCEPT 

The fuzzy system is used for data containing ambiguity and vagueness. Verbal terminology is one of 

the ambiguities that fuzzy logic deals with. Fuzzy logic uses fuzzy sets that interact with each other with the 

universe of discourse. These fuzzy sets are represented by membership functions whose values range are 

between (0, 1) [33]. Basically, fuzzy logic is used in the development of expert systems for decision making 

and classification as a simulation of the human mind. The fuzzy logic of decision-making is based on 

knowledge bases stored from human experience. These rules are written programmatically as if-then [34], [35]. 

A fuzzy system contains four main components: 

− Fuzzification: convert crisp inputs to fuzzy inputs. 

− Rule base: present human knowledge or experience is stored in the form of if-then laws. 

− Inference engine: stimulate rules and copy it’s from knowledge’s rules according to fuzzy input. 

− Defuzzification: converting the fuzzy stimulate rules by inference engine to the crisp output values. 

Figure 4 show the fuzzy logic system. 
 

 

 
 

Figure 4. Fuzzy logic system 
 
 

5. THE PROPOSED MECHANISM 

The research mechanism uses medical tests for kidney diseases. There are many medical tests that 

can be used in diagnosis; the most commonly used are urea, creatinine, glucose, uric acid and bun. These 

tests are used as inputs to the fuzzy logic system (FLS) system, where the system analyzes those inputs and 

deduces the percentage of disease in which the patient’s kidneys are affected. The proposed system helps 

doctors specializing in kidney diseases in the speed and accuracy of diagnosis. Focus will be on three main 

diseases related to the kidneys, namely: 

− Acute inflammation of the kidneys and bladder (AIKB). 

− The presence of chronic inflammation in the kidneys and kidney failure (PCIKF). 

− The presence of stones in the kidneys, as well as the presence of salts (PSKS). 

Figure 5 explain the Kidney disease diagnosis framework using fuzzy logic. 
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Figure 5. The proposed kidney disease diagnosis framework using fuzzy logic 
 

 

The equation that can calculates the membership function is shown: 
 

𝜇𝐴 = {

𝑥−𝑙𝑜𝑤

𝑐𝑒𝑛𝑡𝑒𝑟−𝑙𝑜𝑤
𝑥−ℎ𝑖𝑔ℎ

𝑐𝑒𝑛𝑡𝑒𝑟−ℎ𝑖𝑔ℎ

0

 
             𝐿𝑜𝑤 ≤ 𝑥 ≤ 𝑐𝑒𝑛𝑡𝑒𝑟
             𝐶𝑒𝑛𝑡𝑒𝑟 ≤ 0.5 ℎ𝑖𝑔ℎ

𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

  (1) 

 

Figure 6 explain the proposed triangle membership function.  

In the kidney disease diagnosis framework fuzzy logic system uses input values as shown in Table 1. 

The fuzzy rule-base is (35) = 243. One of case if the system takes urea = (low), glucose = (low), creatinine = (low), 

bun = (low) and uric acid = (low) then optimal value output is (high) that indicate there are a critical case. The rules 

are running in the inference engine in parallel mode. in the last stage, the optimal crisp value represents the output 

from the fuzzy space are found by defuzzification stage. This output value represents the kidney disease ratio. 
 

 

Table1. Fuzzy rule of the proposed technique 
 L M H 

L L H M 
M H M L 

H M M L 
 

 

The procedure that shows the FLS are presented: 
 

Procedure proposed FLS: 

Begin 

     Number of membership function: 

Input1: urea = 3 

Input2: glucose = 3 

Input3: creatinine = 3 

Input4: bun = 3 

Input5: uric acid = 3 

Output: membership output = 3 

      Input the values of urea, glucose, creatinine, bun, and uric acid to the FLS; 

   Begin 

Calculate the membership function for the urea, glucose, creatinine, bun, uric acid; 

Put the result in 𝑌1...𝑌3; 
 

𝑈𝑘 = ∑ ∑ 𝑌𝑖 ∗ 𝑌𝑣𝑀=2
𝑉=1

𝑀=1
𝐼=1  (2) 

 

Find the degree of all fuzzy sets by 𝑈𝑘 the equation: 

Using center of gravity method (COG) to find the result as a crisp value depending on the following equation: 
 

COG= ∑
𝑈 𝑖∗𝐶 𝑖

𝑈 𝑖

𝑖
1   (3) 

 

End; end; 
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Figure 6. Representation of inputs membership function 
 
 

6. EXPERIMENTAL RESULTS AND DISCUSSIONS 

In this algorithm, fuzzy logic was used in diagnosing common kidney diseases through the use of 

five inputs, which represent the percentage of medical tests taken from medical laboratories after conducting 

a medical examination. These medical tests that were calculated are urea, creatinine, glucose, bun, and uric 

acid, which was considered as crisp inputs to the system, and after converting those crisp inputs into fuzzy 

inputs through the fuzzification process and calculating the membership functions, a rule-base for all the 

possibilities that can be obtained based on those inputs was established. After that, the system was tested by 

entering the approved data and numbers, and the required results were obtained and compared with the real 

medically approved results, and it was found that they matched with the results in the system, and 

accordingly, the proposed system can be adopted to help physicians specialized in kidney diseases quickly 

diagnose diseased cases.  

Figure 7 shows a disease case in which a group of medical tests are urea, creatinine, glucose, bun, and 

uric acid. When these values are entered into the proposed fuzzy logic system, we find that the result was giving 

a special percentage for each disease case, for example, chronic inflammation and kidney failure = 0.6, kidney 

stones and salts = 0.8 and acute inflammation of the kidneys and bladder = 0.6. Therefore, we conclude from 

this value that the patient suffers from a large percentage of kidney stones and salts, and the remaining values 

were obtained as a result of the high value of kidney stones and salts. There are infections with a ratio of 0.6. 

Figure 8 shows another disease case in which the medical tests of urea, creatinine, glucose, bun and 

uric acid are very high than normal rates. Then we find that the results of the diagnosis of chronic 

inflammation and kidney failure = 0.8 and kidney stones and salts = 0.8, acute inflammation of the kidneys 

and bladder = 0.4. Therefore, we conclude from this value that the patient suffers from a very large 

percentage of kidney stones and salts, and there is likely to be kidney failure. 
 

 

  
  

Figure 7. Shows the results obtained using the proposed 

system 

Figure 8. Another results of proposed system 
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Figure 9 is also another disease case in which the medical tests of urea, creatinine, glucose, bun and 

uric acid showed that there were moderate increases in the percentages of the tests than normal rates. Then 

we find that the results of the diagnosis of chronic inflammation and kidney failure = 0.4 and kidney stones 

and salts = 0.7 and acute inflammation of the kidneys and bladder = 0.9. Therefore, we conclude from these 

values that the patient suffers from the presence of few kidney stones and salts, and also there are high 

infections in the bladder with a very low probability of kidney failure. 

Figure 10 is also a new disease case in which the medical tests of urea, creatinine, glucose, bun and 

uric acid showed that there are very high increases in the percentages of the tests above normal rates. Then 

we find that the results of the diagnosis of chronic inflammation and kidney failure = 0.8 kidney stones and 

salts = 0.8 and acute inflammation of the kidneys and bladder = 0.4. Therefore, we conclude from these 

values that the patient suffers from the presence of large kidney stones and salts, and also there are high 

infections and acute kidney failure with the possibility of few infections in the bladder. 

 

 

  
  

Figure 9. Another tests of proposed system Figure 10. A new tests of proposed system 

 

 

Figure 11 the medical examinations are good because most of the percentages of the tests were 

within the normal limits except for a slight rise in the percentage of urea. Therefore, we find that the results 

of the diagnosis of chronic inflammation and kidney failure = 0.1, kidney stones and salts = 0.3, and acute 

inflammation of the kidneys and kidneys bladder = 0. Therefore we conclude from these values that the 

patient does not suffer from the presence of kidney stones and perhaps there are few salts, also there are no 

infections or kidney failure as well as no infections in the bladder. 

 

 

 
 

Figure 11. Normal ratio tests of proposed system 

 

 

7. CONCLUSION 

This paper explains the process of identifying kidney disease early and helps specialized doctors in the 

process of rapid diagnosis and reducing the effort in knowing the type of disease in a more accurate and reliable 

way compared to the traditional method. The goal of this study is to develop a new method in the fuzzy logic of 

diagnosing kidney diseases based on skill and experience specialized doctors and recorded in approved tables for 

diagnosis. The results that were approved for diagnosis in kidney diseases are chronic inflammation and kidney 

failure, kidney stones and salts, acute inflammation of the kidneys and bladder. In this system, various samples of 

pathological symptoms were taken according to the tables established in the medical diagnosis and it was found 

that they matched the results known to the doctors who specialize in the disease and their accuracy in identifying 

and diagnosing disease cases. The system can be developed in the future to include all different kidney diseases 

through the use of hybrid soft computing technology. 
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