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ABSTRACT 

Patients' medical problems the physicians face with, including receiving a variety of symptoms of 

diseases, patient’s different physical conditions (with shared diseases), treatment acceptability, different 

growth rate of the disease, etc., makes computer scientists involved in medical diagnosis and treatment 

employing scientific techniques and advanced methods. What, if these problems are remained, it results in 

emergence of more states and symptoms in the patients and also with the increase in diseases influence a 

physician's diagnosis and possible treatment for patients with a lower percentage of success. Therefore, 

the computer science is about to cooperate with expert physicians and specialists, to design systems that 

can enjoy their advantages when there is no accessibility to qualified personnel and in remote locations. 

In this paper, we design a system to diagnose a limited range of blood diseases by using fuzzy inference 

engine. The use of fuzzy logic in the system is due to some uncertainty in the diagnosis of the patient's 

symptoms and problems that sometimes when dealing with a common range of different symptoms leads 

to different diagnoses. Given key common symptoms in a limited variety of blood diseases, this system 

show diagnostic results according to the probability of occurring the diseases related to these symptoms. 

Finally, based on the obtained rules which get from consulting an expert and get a certain amount of 

common symptoms, a fuzzy system is designed to have a fuzzy look at certain data and fuzzy calculation 

will describe the certain result of diagnosis with probability percentage. 

 

Keywords: Expert Systems, Data Mining, Blood Diseases Diagnosis, Fuzzy Logic, Knowledge Base 

 

INTRODUCTION 

Computer tools help doctors to organize, store and retrieve relevant medical knowledge needed to 

understand the problematic cases and give them ideas about a proper diagnosis, prognosis and treatment 

decisions. Expert Systems (ES) of an intelligent computer is based on interactive decision tool that uses 

facts and rules to solve real life problems based on knowledge obtained from one or more of a human 

expert in a specific area. 

The ESs interfaces are user friendly which in and of itself, makes them more interactive and offer timely 

and accurate solutions to difficult problems in real life. In order to demonstrate the inadequacy of 

traditional methods of medical diagnosis, medical expert systems have been proposed. 

Fuzzy logic (FL)  as a soft computing tools are introduced to provide considerable knowledge of a person 

skilled in the computer program and is used as a program that can solve problems in a way that is similar 

to human expert. Thus, FL strength is found in providing accurate solutions to problems which involve 

variety of variables.  

FL extensively is used for implementing ES in the medical field due to its ability to use ambiguity and 

uncertainty inherent in medical information. FL elements of fuzzy expert systems provide timely, 

accurate and consistent results (Hughes, 1989). 

The diagnostic expert system is a rule-based system for automatic detection of diseases. Usually the 

model of this diagnostic system is as follows: 



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231– 6345 (Online) 

An Open Access, Online International Journal Available at www.cibtech.org/sp.ed/jls/2014/04/jls.htm 

2014 Vol. 4 (S4), pp. 1017-1031/Katebi et al. 

Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  1018 

 

To achieve accurate results, the diagnostic expert system, step by step, emulates the medical expert's 

justifications i.e.  the concept of Explain. It is obvious that expert systems need medical science rules and 

facts medical diseases and conditions to provide accurate results. 

Blood disorders, including anemia resulting from various factors, iron deficiency, vitaminB12 

deficiency and congestion.  

The blood disorders are diseases in which there is disorder in the number and shape of blood cells with 

symptoms that each show. One of the most common blood disorders is anemia. The low number 

of red blood cells or low level of hemoglobin is the main cause of anemia which may results from iron-

deficiency in the diet. In this situation the red blood cells are normal in number but their hemoglobin level 

is low. This type of anemia is more common in children than in adults. The symptoms of anemia are pale 

skin and extreme fatigue. Acute blood loss anemia is another type of anemia which occurs after a sever 

bleeding. Megaloblastic anemiais an anemia caused by lack of vitamin B12 , Folic acid and gastric 

intrinsic factor which among them the vitamin B12 will be examined. And finally, polycythemia or 

congestion which results from an increase in the number of red blood cells. 

In this paper, we first describe some work done in the field of medical diagnostics, and then the research 

question and the implementation methods arise. Afterward, the system simulation will be presented by an 

example and finally conclusions are made. Ultimately, some areas of future work in this field are 

presented. 

Related Works 

Jampour et al., (2007) have studied and treatment of animal diseases implementing fuzzy logic approach 

and presented a model by which we can calculate and determine the existence and or lack existence as 

well as the interference rate of each one of possible nervous diseases and also reduce natural uncertainty 

regarding to diagnosis of the disease type.  

Emphasizing that the detected diseases in this project definitely will not be diagnosed with these four 

signs, he stated that: "However, here we have tried to use a fuzzy system to estimate the probability of 

each of these diseases according to these four parameters and the diseases that are more prone to be 

identified will be introduced." And five detectable diseases are listed as follows: 

1. Encephalomalacia (crazy chick disease) 

2. Acute Lactation Tetany  

3. Mad Cow 

4. Dumb Rabies 

5. Acute lead poisoning 

Details of the fuzzy system used in this project are as follows: 

Product inference engine (Mamdani product and separate rule-based inference with community 

combination and algebraic product for t-norms and max for s-norms), singleton fuzzifier, centre average 

defuzzifier which ultimately lead to the inference engine as follows: 

(1) 𝑓𝑖 𝑥 =
 𝑦 𝑙     𝜇

𝐴𝑖
𝑙  𝑥𝑖 

𝑛
𝑖=1  𝑀

𝑙=1

   𝜇
𝐴𝑖
𝑙  𝑥𝑖 

𝑛
𝑖=1  𝑀

𝑙=1

 

 𝑗 = 1,2,… ,𝑚  
 

In implementing this system, 20 experiments have been conducted. 17 experiments have resulted in 

successful diagnosis while 3 of them have failed. Pourjam believes that: "these results are due to 

uncertainty in predicting illnesses and also the variety of illnesses symptoms". 

Pour the jam et.al. reach to this conclusion that: the research outcomes of veterinary studies along with 

Fuzzy Expert system demonstrate that despite the inherent complexity of animal health and its condition, 

an expert diagnostic system can be designed and implemented to detect neurological disorders. Due to 

enormous variation in animal's nature, the condition of each group is exclusive but the important point is 

that it is predicted that not only other symptoms of the diseases can be applied in to this system but also 

the system ability to diagnose all the neurological disorders is not far from our expectation. 
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Neshat and Esmaelzadeh (2008) have designed a fuzzy system for learning, analyzing and diagnosis of 

liver disorders. Data obtained from the UCI and 6 inputs and one output is considered. This system 

compared to other old systems is introduced to be faster, cheaper, accurate and more responsible. 

In this system, liver disorders divided into two groups of healthy liver subjects and unhealthy liver ones.  

And the fuzzifier will be introduced as follows: 

(2) 𝑀𝐶𝑉 𝛼 =  
0, 𝛼 < 20
𝛼, 20 ≤ 𝛼 ≤ 130
1, 𝛼 > 130

  

In this project, 78 independent rules are applied. 

According to Neshat, in defuzzification stage, the exact rate of α shall be determined. First, the smallest 

value of each rule is specified, and then the largest value among them is selected. 

In this implementation the defuzzification centre of gravity is used.  

The authors argue that the achievement of this plan is an accuracy of 91% and its considerable 

improvement.  

After introducing asthma as a chronic pulmonary disorder, (Zarandi et al., 2010) establish their goal to 

design fuzzy rule-based expert system which intends to diagnose asthma in the early stages to reduce its 

risks.  

Production of rules is conducted with use of a semantic network. So that, they point out: "medical 

diagnosis obtained from these three classes of information: Class of signs, class of medical history and 

class of laboratory data." Then, the priority adaptation of these models is matched with a series of classes 

of medical information expressed by physicians by means of an inference engine. The variables of this 

model and Subsets of variables are expressed with language variables such as never, sometimes or 

always.  

In this study, adding deeper knowledge, that knowledge is generated as a rule that the generation 

condition depends on predefined variables of the model and its probable result is asthma which is 

calculated based on local empirical knowledge (including deductive and inductive knowledge) and 

universal knowledge (derived from Yourden Index as well as the positive predictive measure for 

symptoms of certain conditions from studies in other countries).  

In this study, diagnosis of asthma has been implemented with two medical procedures; in the first 

method, pulmonary function test was not included and in the second method, pulmonary function tests are 

made. The reason for not using pulmonary function tests is the system usability in of primary health care 

centers. 

Concrete et al., (2010) have used the Ant Colony Algorithm (ACO) for their proposed algorithm. It 

should be noted that, Ant Colony Algorithm is a heuristic method which is used to simulate the behavior 

of ants. In this method, first an outline based on ACO to build a set of existing rules in the rule database is 

founded.  

When the best set is returned, a fuzzy inference system is generated by which the disease type and the 

degree of certainty are automatically determined. 

In this proposal, the number of each disease parameters and the categories of disease results are of vital 

importance. 

According to the authors, the corresponding process of ant community and if-then fuzzy rules are as 

follows: 

 The number of ants in ant communities: the number of rules used for classification 

 Features of ants: characteristics and parameters associated with the disease domain. 

 The amount of pheromone secreted by the ants: the evaluation functions of the ant. 

 Updating the pheromones of the selected ant: optimizing the if-then fuzzy rules Classifiers. 

 The current ants' community: the current set of rules. 

 Disruption of current ant’s community: Making change in the current rules. 

 A new ant’s community: a set of new rules. 

 Calculate the merits of the new ant: Calculate the evaluation function value for a set of new rules. 
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 Accepting new ant’s community with a certain probability and if the merits are greater than the current 

merit: Accept a new set of rules if the evaluation function is greater than the current evaluation function. 

EiniPour have introduced the outline of the proposed algorithm based on ACO for constructing the 

existing rules in the rule database as follows: 

 The data pre-processing 

 Normalize the data. 

 Fuzzify the data. 

 Establish a basic set of if-then Fuzzy rules and determining the class of results and the degree of 

certainty of each rule. 

 Evaluate the cost of the current set of rules using the evaluation function 

 Change the current rule set using a random change rules and create new rules. 

 Calculate the appraisal value of the new rule set using the evaluation function. 

 Embed the current rules further provided that the new rule set evaluation function value is greater than 

the current rule set evaluation function, Saving the best evaluation function value and the best set of rules 

and adopt new rules with a probability 

 Repeat steps 4 to 6 to the specified number. 

 Return the best set of rules. 

After obtaining the best set of rules using the above procedure, the type of disease and the degree of 

certainty is automatically determined by the fuzzy system.  

Einipour points out that: "generally, ACO based technique based on fuzzy system methodology and ant 

colony algorithm provides efficient results in categorizing of different disease samples. In addition to 

acceptable accuracy in diagnosis,  

ACO-based methodology has an additional advantage compared to other methods which is related to 

criteria of simplicity and interpretability of the model of diagnosis because compared with other systems, 

the average length of the rules is shorter and a doctor can easily understand the system. Based on these 

results we conclude that the ACO-based methodology has both features of a fuzzy inference system, that 

is, high reliability and availability of appropriate interpretation. As an expert system, it can help doctors to 

find the right diagnosis." 

(Sikchi and Ali, 2012) employ the fuzzy expert system due to its advantage over the classical fuzzy expert 

system which is the capability to simulate an expert method in the real meaning.  

Knowledge base used in this study was static and dynamic information. In the field of cardiovascular 

diseases the risk factors, cholesterol, hypertension, diabetes, gender and age are presented and a set of 700 

rules are employed in the design of the study. 

This project makes use of Mamdani method to design the inference mechanism and center-average 

method is adopted for defuzzification. 

(Samuel and Omisore, 2013) offered web-based decision support system architecture (Wbdss) which has 

been implemented with fuzzy logic (FL) For the diagnosis and management of typhoid fever (TF) , based 

on the principles and practices of medical diagnosis. 

This study uses root sum square (RSS) inference procedure shown in the following clause: 

(3) 𝑅𝑆𝑆 =   𝑅𝑘
2𝑛

𝑘=1  

Where 𝑅𝑘 shows an emergent rule and k=1,2,3,…,n is the number of emergent rules for a specific 

diagnosis. clause (4) is utilized for defuzzifier output:  

(4) 𝑪𝒐𝑨 =  
 𝒀(𝑥𝑖)𝑥𝑖
𝑛
𝑖=1

 𝒀(𝑥𝑖)
𝑛
𝑖=1

 

Where Y is the memebership value of 𝑥𝑖  taken from MF in the presented graph from the membership 

fuctions of input and output variables and xi  is the center of membership function.  

(Anamul et al., 2010) after collecting information about various diseases and grouping them and taking 

the advice of doctors and specialists about the conducted classification, have reach to a final conclusion 

about the several important factors for the diagnosis of several diseases in each category. After the 

necessary corrections, when it seems that the intended target is provided, again a consultation is held with 
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the experts if there were explanations for the software. They acknowledge the discussed clauses and 

provide some recommendations.  

(Sundarapandian and Ephzibah, 2012) using genetic algorithms, expert system with fuzzy nucleus and 

neural networks present system for diagnosing heart disease. According to Ephzibah, this system helps 

physicians to find out whether patients have a specified disease or not. This is an advanced system that 

provides accurate classifications in the case of heart diseases. This study presents classifying system 

based on generated neuro-fuzzy rules which is capable of diagnosing heart diseases by using more 

effective method than other classification methods. 

(Aslam et al., 2011) have proposed a new fuzzy inference system and mathematical morphology 

algorithms for classifying blood vessels, has been proposed. The results show that this algorithm is more 

effective than other existing intelligent algorithms for categorizing angiograms. 

(Djam and Kimbi, 2011) focused on the use of information and communication technologies and 

proposed web-based fuzzy expert system for the management of hypertension, using fuzzy logic. In this 

paper, systolic blood pressure, diastolic blood pressure, age and body mass index, is taken as the input 

parameters of the fuzzy expert system and receives the risk of high blood pressure as the output of the 

system. The results of the risk of blood pressure are done on the basis of fuzzy rules for an expert system 

which have been developed. The input triangular membership functions are low, normal, high, and 

very high for blood pressure. The output triangular membership functions are mild, moderate and 

sever. Defuzzification method in this study is the sum of the square roots. The expert system is 

constructed based on clinical observation, medical diagnosis and an expert knowledge. This expert system 

has developed a web-based interface using the programming language PHP, HTML and Java and MySql 

data processing language. 

In their proposed method (Tsipouras et al., 2007) have received a definitive primary set of rules from an 

expert. Becoming a definite set of rules to the fuzzy model, enable this model working in cases in which 

the primary rules are definite and hard.  

Due to this feature, in the case of rule extraction from data using data mining techniques, this system is a 

good alternative to knowledge-based systems with primary rules. In this case we have a method that is 

fully automated and data-driven, as opposed to the expert knowledge gained from the initial set of rules 

which is unstable and likely to loss, in this method the data is remains stable. Moreover, the combination 

of the expert knowledge and the data-oriented rules are also appropriate. In this article, the ability to 

automatically pre-set the main aspects of the fuzzy model as the fuzzy membership functions, T norm and 

S norm determined by the natural properties of a problem, is considered. Another important feature is that 

these features can lead to more efficient use of optimization techniques that can be used to provide the 

basic information. Ceylan et al., (2010) designed a telemedicine system as an auto-detection system. In 

addition, T2FCNN is proposed and to has been developed classify the electro cardiograms. In the 

proposed structure, typical membership of type 1was developed to type 2.The membership of type 2 were 

combined in the process of updating the categories. Other categories derived from T2FCM have been 

obtained from neural networks. Structure T2FCNN is compared with other relevant studies. Adeli and 

Neshat (2010) have devised a system for the Veterans Affairs Medical Center. The system has 13 input 

fields and one output field. Input fields include chest pain, high blood pressure, cholesterol, resting blood 

glucose, maximum heart rate, resting electrocardiogram, exercising, Old Peak , thallium scan, gender and 

age. Output field refers to the percentage of heart disease in patients. This system uses Mamdani inference 

method. The results of the diagnostic system are compared with the data in the database. The results of 

the diagnostic system in 94% of cases were correct. 

The Proposed Method 

The method employed in this paper is the combination of fuzzy diagnosis and prevention. 

During the implementation of diagnosis phase, the conducted fuzzy operations have series of outputs, 

some of them are used to announce the results, but some of the results remain unused. Therefore, in order 

to make use of all these results, with expert specialist's opinion some of them are used as information to 

prevention purposes. 
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Note that the fuzzy inference operations to diagnose diseases have fuzzy outputs for each disease but only 

one of the outputs will be used to diagnose. Considering which output is used for diagnosing and the 

distance they have with the output of the diagnosis, other outputs can be used in prevention applications. 

Statement of the Problem and Methodology 

In this section the problem and the system requirements and inputs are defined and then the proposed 

fuzzy system is discussed. 

Statement of the Problem 

The problem areas including inputs, selected fuzzifier, fuzzy rule base, inference engine, defuzzifier used 

in the simulation and outputs are introduced respectively. 

Inputs including Hemoglobin, Hematocrit, Red Blood Cell and Mean Corpuscular Volume mass which 

are considered as following acronyms respectively:  HB, HCT, RBC and MCV. For each of these inputs a 

specified range limit should be defined to express linguistic variables, and then the actual values 

corresponded to the obtained range limits. The linguistic variable is a value specifying the amount and 

intensity of the value qualitatively. For example, the amount of hemoglobin is high corresponds to 

hemoglobin value higher than 16. These range limits are obtained from physician specialists and are as 

follows: 

 

Table 1: Range limits of linguistic variables and the corresponding values of the input data 

Input Low Medium High 

HB x <14 14 <x <16 16 <x 

HCT x <35 35 <x <42 42 <x 

RBC x <4 4 <x <6 6 <x 

MCV x <75 75 <x <95 95 <x 

 

This table contains the basic information for the proposed system but in this form, it is not applicable. 

These values are expressed as Crisp or definite value, it means that, if the value of 37 to be considered for 

HCT from the perspective of classical logic it just belongs to the average range of HCT, While fuzzy 

logic for each input value estimates a measure of  belonging to all three categories.  

So it can be concluded that direct import inputs to the system, it represent the same result as the logical 

system. To obtain a better result and to get closer to the goal of study, which is applying fuzzy system to 

inputs, fuzzy function is used. So that the inputs can be introduced to the system in fuzzy form not 

definite.   

First you have to evaluate the measure of belonging of each input value to each range limit by 

membership functions. The input membership functions are presented as follows: 

1. Hemoglobin input, HB 

(5)  

  F(x) X 

1 1 𝑥 < 13} 𝐿 − 𝐻𝐵 

2 15 − 𝑥

2
 

13 < 𝑥 < 15}𝐿 − 𝐻𝐵 

3 𝑥 − 12

2
 

12 < 𝑥 < 14}𝑀−𝐻𝐵 

4 1 14 < 𝑥 < 16} 𝑀−𝐻𝐵 
5 18 − 𝑥

2
 

16 < 𝑥 < 18}𝑀−𝐻𝐵 

6 𝑥 − 15

2
 

15 < 𝑥 < 17}𝐻 − 𝐻𝐵 

7 1                              17 < 𝑥}𝐻 −𝐻𝐵 
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2.  Hematocrit input, HCT 

 F(x) X 

1 1 &𝑥 < 13 =>  𝐿 − 𝐻𝐵 
2 15 − 𝑥

2
 

&13 < 𝑥 < 15 => 𝐿 − 𝐻𝐵 

3 𝑥 − 12

2
 

&12 < 𝑥 < 14 => 𝑀−𝐻𝐵 

4 1 &14 < 𝑥 < 16 => 𝑀−𝐻𝐵 
5 18 − 𝑥

2
 

16 < 𝑥 < 18 => 𝑀 −𝐻𝐵 

6 𝑥 − 15

2
 

15 < 𝑥 < 17 => 𝐻 − 𝐻𝐵 

7 1 17 < 𝑥 => 𝐻 − 𝐻𝐵 

 

3. RBC input,  RBC : 

(6)  

 F(x) X 

1 1 𝑥 < 3} 𝐿 − 𝑅𝐵𝐶 
2 5 − 𝑥

2
 

3 < 𝑥 < 5}𝐿 − 𝑅𝐵𝐶 

3 𝑥 − 3 3 < 𝑥 < 4}𝑀− 𝑅𝐵𝐶 
4 1  4 < 𝑥 < 6} 𝑀− 𝑅𝐵𝐶 

5 7 − 𝑥  6 < 𝑥 < 7}𝑀− 𝑅𝐵𝐶 
6 𝑥 − 5

2
 

5 < 𝑥 < 7}𝐻 − 𝑅𝐵𝐶 

7 1 7 < 𝑥}𝐻 − 𝑅𝐵𝐶 

 

4. Mean corpuscular volume mass MCV : 

(7)  

 F(x) X 

1 1 𝑥 < 70} 𝐿 −𝑀𝐶𝑉 

2 75 − 𝑥

5
 

70 < 𝑥 < 75}𝐿 −𝑀𝐶𝑉 

3 𝑥 − 75

5
 

70 < 𝑥 < 75}𝑀−𝑀𝐶𝑉 

4 1 75 < 𝑥 < 95} 𝑀−𝑀𝐶𝑉 
5 100 − 𝑥

5
 

95 < 𝑥 < 100}𝑀−𝑀𝐶𝑉 

6 𝑥 − 95

5
 

95 < 𝑥 < 100}𝐻 −𝑀𝐶𝑉 

7 1 100 < 𝑥}𝐻 −𝑀𝐶𝑉 

 

In this system, singleton fuzzifier is employed as follows: 

(8) 𝝁𝑨𝒌 𝒙 =  𝟏,               𝒙 = 𝒙
∗

𝟎,      𝑶𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆
  

This is used for fuzzifying the inputs and simplifying the calculations of inference engine.  

After fuzzifying phase, is to build a base of fuzzy rules. The fuzzy rule base target, as 

(9) 𝑹𝒖𝒍:  If 𝒙𝟏,is𝑨𝟏
𝒍 and. . . And𝒙𝒏,is𝑨𝒏

𝒍 , then 𝒚,is 𝑩𝒍. 

Product inference engine is used for inferencing rules: 
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(10) 𝜇𝐵  𝑦 = 𝑀𝑎𝑥𝑘=1
𝑀 [𝑆𝑢𝑝

𝑥∈𝑢
 𝜇𝐴𝑘 (𝑥) 𝜇

𝐴𝑖
𝑘  𝑥𝑖 . 𝜇𝐵𝑘 (𝑦)𝑛

𝑖=1  ] 

For defuzzification, Center Average Defuzzifier is used:  

(11) 𝑦
∗

=
 𝑦 𝑘𝑤𝑘
𝑀
𝑘=1

 𝑤𝑘
𝑀
𝑘=1

 

Center Average Defuzzifier is the most common defuzzifier employed in fuzzy and fuzzy control systems 

and if small changes are made in 𝑦 or 𝑤𝑙  , it leads to small changes in 𝑦
∗
. 

Ultimately, the fuzzy system is presented as follows: 

(12) 𝑓 𝑥 =
 𝑦 𝑙     𝜇

𝐴𝑖
𝑙  𝑥𝑖 

𝑛
𝑖=1  𝑀

𝑙=1

   𝜇
𝐴𝑖
𝑙  𝑥𝑖 

𝑛
𝑖=1  𝑀

𝑙=1

 

 𝑖 = 1,2,… ,𝑚  
Where the 𝑥𝑖  represents i

th
 the definite input (Crisp) and 𝜇

𝐴𝑖
𝑙 𝑥𝑖 represents the i

th
 input fuzzy membership 

function, while 𝑦 𝑙 is the i
th
 center average of output fuzzy set.  

Output System includes 4 diseases and by using the fuzzy inference system, it turns out that by a 

particular combination of inputs, each of the outputs occurs by what percentage. 

Type of Anemia output has 4 modes: Iron_Deficiency, VitaminB12 Deficiency, Anemia by 

Bleeding and Polycythemia respectively abbreviated as ID, VBD, AB and P. The output membership 

output is as follows: 

This will be the membership function of the output as follows: 

Type of Anemia Output 

(14) 

 F(x) X 

1 1 𝑥 < 20} 𝐼𝐷 

2 30 − 𝑥

10
 

20 < 𝑥 < 30}𝐼𝐷 

3 𝑥 − 20

10
 

20 < 𝑥 < 30}𝑉𝐵𝐷 

4 1 30 < 𝑥 < 50}𝑉𝐵𝐷 

5 60 − 𝑥

10
 

50 < 𝑥 < 60}𝑉𝐵𝐷 

6 𝑥 − 50

10
 

50 < 𝑥 < 60}𝐴𝐵 

7 1 60 < 𝑥 < 80}𝐴𝐵 

8 90 − 𝑥

10
 

80 < 𝑥 < 90}𝐴𝐵 

9 𝑥 − 80

10
 

80 < 𝑥 < 90}𝑃 

10 1 90 < 𝑥}𝑃 

 

Implementation Methodology 

In a fuzzy diagnosis system, certain inputs are inserted into the system, then they are converted to fuzzy 

and understandable values for the system by means of a fuzzifier and entered to fuzzy inference engine as 

inputs.  
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Fuzzy inference function used inputs parallel with designed rule base. Using these rules, membership 

inputs (with their specified values) to each rule is determined. Finally, the fuzzy outputs become certain 

outputs by defuzzifier and they are displayed as system outputs.  

 

 
Figure 1: Sketch of the fuzzy expert system for the diagnosis and prevention of blood diseases 

 

To explain how to implement this method, some of the used parameters are as discussed: 

Membership function used to determine the membership input expressed in the clauses of 5 to 8 as 

follows: 

1. The membership function of hemoglobin (HB) 

2.  

 
Figure 2: The membership function of HB 
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2. The membership function of hematocrit (HCT) : 

 
Figure 3: The membership function of HCT input 

 

3. The membership function of red blood cells (RBC) 

 

 
Figure 4: The membership function of RBC input 

 

4. The membership function  of Mean corpuscular volume mass (MCV) 

 

 
Figure 5: The membership function of MCV 

 

The membership functions of the output which its ID mode is considered in the clause (14) hasa graph as 

follows: 

 

 
Figure 6: The output membership function, anemia type. 
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The fuzzy rule base is the heart of a fuzzy system, so a fuzzy system should use it. The fuzzy rules of this 

system are presented in table 2. 

 

Table 2: Code identifying the type of blood disease 

RN HB HCT RBC MCV Disease Diagnostic 

1 L L L L Iron Deficiency 

2 L L L H Vitamin B12 

3 L L M L Anemia (bleeding) 

4 L L M M Healthy 

5 H H H H Polycythemia 

 

In programming language rule III is: 

If HB is Low and HCT is Low and RBC is Low and MCV is Low then Disease_Diagnostic is Iron_Defici

ency 

 Note that the rule states that if any four input parameters are at Low level the diagnosed disease will be 

iron deficiency. 

It should be noted that this system, according to the number of inputs (4 inputs) and considering three 

modes of Low, Medium and High for each entry we have a number of 81 = 3 
4 
rules that only 5 of them is 

valid and other rules are regarded as the laboratory error. For example, the rule: 

If HB is Low and HCT is Low and RBC is Medium and MCV is High then Disease_Diagnostic is Lab_Er

r 

It is a laboratory error because actually the mentioned values for the specified parameters in the rule, in 

terms of human life is not possible and  indicate the error in the laboratory measurements was 

happen. Therefore, these rules have been removed from Fuzzy rule base system. 

Fuzzycluster centers matrix which is applied in the final formulation, is as follows: 

(13) 𝑌 1..4 = [10, 40, 70, 100] 

To simulate the target system, the Matlab software is used and the proposed fuzzy inference engine 

provided in clause (13) replaces its built-in functions, but in order to use the Rule Viewer option, the 

system run with built-in functions for a second time. 

Despite having a valid Dataset from UCI, due to physicians' lack of cooperation in the limited time 

provided for the completion of this project, a demo dataset is used.  

Evaluation Results 

With the implementation of the system in MATLAB, the results are obtained and some demo data are 

inferred using Rule Viewer option. Including that the rule stated below: 

If HB is Low and HCT is Low and RBC is Medium and MCV is Low Then Disease_Diagnostic is Ane

mia by bleeding. The diagnosed disease is anemia caused by bleeding. The same result is obtained in 

simulation (Figure 7). 
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Figure 7: Simulation results of anemia caused by bleeding 

 

Table 3: Demo data for a few hypothetical patients 

PN HB HCT RBC MCV 

1 13.09090 

9090909 

1 

34.18181 

8181818 

2 

6.363636 

3636363 

6 

70.55555 

5555555 

6 

2 13.27272 

7272727 

3 

34.65656 

5656565 

7 

6.505050 

5050505 

1 

71.11111 

1111111 

1 

3 13.45454 

5454545 

5 

35.13131 

3131313 

1 

6.646464 

6464646 

5 

72.22222 

2222222 

2 

4 13.63636 

3636363 

6 

35.60606 

0606060 

6 

6.858585 

8585858 

6 

73.33333 

3333333 

3 

5 13.81818 

1818181 

8 

36.08080 

8080808 

1 

6.929292 

9292929 

3 

74.44444 

4444444 

4 

 

According to Figure 7, in which the output membership function and the order of outputs can be observed 

and considering Simulation result of anemia caused by bleeding (figure 7), this result can be interpreted 

so that the implemented rule has fired part of output 1 i.e. ID and the total output 3 i.e. AB which is the 

final diagnosis. This is exactly the result that would be expected from a fuzzy system. Note that if this 
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information was entered in a Crisp system, regardless of the issues raised in the abstract of the study, the 

diagnosis result would be ID or AB. However, the fuzzy logic claim that uncertainties should be taken 

into account, is proven and ultimately the result of this simulation is interpreted that with nearly 100 % of 

the probability, the diagnosis result is anemia caused by bleeding and it is less probable that the patient is 

suffering from iron deficiency. Using membership functions provided in clauses 5 to 8, linguistic and 

fuzzy values for patient (1) shall be as follows: 

 

Table 4: Linguistic and fuzzy values of membership functions of a hypothetical patient (1) 

Range HB HCT RBC MCV 

linguistic 

Variable 
LOW LOW MEDIUM LOW 

Fuzzy 

Value 
0.9545 0.5636 0.6364 0.8889 

 

Then through the use of table of rules and rule III as well as fuzzy cluster centers matrix presented in 

clause (15), employing inference formula proposed in clause (13) Leads to the following algebraic 

expressions:  

(14) 𝑓 𝑥 =
0.9545∗10+0.5636∗40+0.6364∗70+0.8889∗100

0.9545+0.5636+0.6364+0.8889
=   54.3888 

Compared to results obtained from built-in MATLAB functions i.e. 51.4 (displayed in figure 7), it can be 

observed that the values obtained by both methods are very close together and thus lead to the inference 

accuracy and finds validity.  

Given that in this study, common symptoms of several diseases are examined, after obtaining a definitive 

diagnosis and it is removed from the result set, the remainder of the results from the inference engine can 

be utilized to prevent a disease which is the second phase of procedure. According to figure 7 and 

observing the results taken from patient (1) which is iron deficiency or (briefly) ID, we can conclude that 

there is also a probability of patient's exposure to the disease, and necessary information is given to 

patient for prevention of disease.  

Conclusions and Future Work 

The advantages of this proposal will be as follows: 

1. This study takes advantage of common elements of some diseases, while the previous works whether 

diagnosed a particular disease and determined the probability percentage of developing the disease or if 

more than one disease were addressed, the diseases did not have common symptoms.  

2. In this project, the results of fuzzy inference system are utilized more completely and results that have 

not ever used until now, are used for disease prevention purposes.  

Certainly, computer-based diagnostic tools and knowledge can help to early diagnosis of diseases. To 

overcome this gap, intelligent software employing intelligent interfaces are just need to introduce to 

expert systems. The full potential of fuzzy technology in the medical diagnosis phase will be used.   

In the future, the expert systems that may be developed can understand Patterns of human thought, human 

characteristics, behavior and mood of human beings. Developing interface and sensor systems to obtain 

the parameters of the symptoms, their mapping, mapping of inputs and response of human organs are 

among the potential fields for future researches. So, fuzzy expert systems are introduced as the third 

generation of expert systems. It seems that the development of dual-purpose and interdisciplinary systems 

(third generation of expert systems) is a considerable space for recognizing this concept (Sushil et al., 

2013). 
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Table 5: The formulas presented in the literature review and the proposed project 

Number of 

Formula 

Formula 

1 
𝑀𝐶𝑉 𝛼 =  

0, 𝛼 < 20
𝛼, 20 ≤ 𝛼 ≤ 130
1, 𝛼 > 130

  

2 

𝑓 𝑥 =  

1, 𝑥 < 13} 𝐿 − 𝐻𝐵
15 − 𝑥

2
, 13 < 𝑥 < 15}𝐿 − 𝐻𝐵

  

3 
𝜇𝐴𝑘  𝑥 =  1,               𝑥 = 𝑥

∗

0,      𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
  

4 
𝜇𝐵  𝑦 = 𝑀𝑎𝑥𝑘=1

𝑀 [𝑆𝑢𝑝
𝑥∈𝑢

 𝜇𝐴𝑘 (𝑥) 𝜇
𝐴𝑖
𝑘  𝑥𝑖 . 𝜇𝐵𝑘 (𝑦)

𝑛

𝑖=1

 ] 

5 

 𝑦
∗

=
 𝑦 𝑘𝑤𝑘
𝑀
𝑘=1

 𝑤𝑘
𝑀
𝑘=1

 

6 

𝑓𝑖 𝑥 =
 𝑦𝑙   𝜇

𝐴𝑖
𝑙 𝑥𝑖 

𝑛
𝑖=1  𝑀

𝑙=1

   𝜇𝐴𝑖
𝑙 𝑥𝑖 

𝑛
𝑖=1  𝑀

𝑙=1

 𝑗 = 1,2,… ,𝑚  

7 

𝑓 𝑥 =  

1, 𝑥 < 20} 𝐼𝐷
30 − 𝑥

10
, 20 < 𝑥 < 30}𝐼𝐷

  

8 𝑌 1..4 = [10, 40, 70, 100] 
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