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Abstract 
The main objective of the design methodology 
of a Fuzzy knowledgebase System is to 
predict the risk of Diabetic Nephropathy in 
terms of Glomeruler Filtration Rate (GFR). In 
this paper, the controllable risk factors 
“Hyperglycemia, Insulin, Ketones, Lipids, 
Obesity, Blood Pressure and 
Protein/Creatinine ratio” are considered as 
input parameters and the “stages of renal 
disorder” is the output parameter. The input 
triangular membership functions are Low, 
Normal, High and Very High and the output 
triangular membership functions are s1, s2, s3, 
s4 and s5.  As the renal complications are now 
the leading causes of diabetes-related 
morbidity and mortality, a FKBS is designed 
to perform the optimum control on high risk 
controllable risk factors by acquiring and 
interpreting the medical experts’ knowledge. 
Fuzzy logic is used to incorporate the 
available knowledge into intelligent control 
system based on the medical experts’ 
knowledge and clinical observations. The 
proposed FKBS is validated with MatLab, and 
is used as a tracking system with accuracy and 
robustness. The FKBS captures the existence 
of uncertainty in the risk factors of Diabetic 
Nephropathy, resolves the renal failure with 
optimum result and protects the patients from 
End Stage Renal Disorder (ESRD).  
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1. Introduction 

 
Diabetes Mellitus is one of the most 

dangerous diseases in the modern society and 
represents not only a medical but a social 
problem. Diabetic is pandemic in both 
developed and developing countries. In 2000, 
there were an estimated 175 million people 
with diabetes worldwide and by 2030, the 
projected estimate of diabetes is 354 million 
[1]. In India alone, the prevalence of diabetes 
is expected to increase from 31.7 million in 
2000 to 79.4 million in 2030 [1]. 

 
The proportion of patients with end 

stage renal disorder caused by diabetes has 
progressively increases day by day worldwide 
and Diabetic Nephropathy is the single most 
common cause of ESRD [7]. 

 
 The major problem in diagnosing and 
predicting a disease is the uncertain variations 
in risk factors which occur due to the 
sedentary life style, food habit, stress, age, 
environment etc.  Generally the risk factors in 
medical domain are classified as controllable 
(Blood Pressure, Lipids, Obesity, 
Hyperglycemia), non-controllable (age, 
heredity, sex) and contributing factors 
(smoking, alcohol, stress). Due to uncertainty, 
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information is incomplete, fragmentary, not 
fully reliable, vague, contradictory, or 
deficient in some way. The existence of 
uncertain factors with errors is numerous in 
medical domain and it is to be solved in an 
efficient way. 
The medical errors can be solved with the help 
of experts’ knowledge. As the experts’ 
knowledge are so valuable and tacit in nature 
which cannot be used as it is, therefore 
interpreting them in terms of rules is the best 
approach to resolve the uncertainty.  Hence, in 
this paper, it is proposed to design a FKBS to 
overcome the uncertainties and to predict the 
risk of Diabetic Nephropathy. This will help 
to control the controllable risk factors for 
proper diagnosis and treatment, and to protect 
the Diabetic patients from ESRD [11]. 
 
2. Diabetic Nephropathy  And Fuzzy 

Logic 
 
 Diabetes Mellitus is a group of 
metabolic diseases characterized by high 
blood sugar levels that result from defects in 
insulin secretion, or action or both. Diabetes 
leads to many major complications and renal 
disorders are now the leading causes of illness 
and death in diabetic patients. Diabetes 
Mellitus has been found to increase the risk of 
renal disorder which leads to End Stage Renal 
Disorder (ESRD) both in women and men. 
 
 The major risk factors considered in 
this paper for the impact of Diabetes Mellitus 
on renal are Hyperglycemia, Insulin, Ketones, 
Lipids, Obesity, Blood Pressure and 
Protien/Creatinine. The risk factors are 
uncertain due to the food habits, sedentary life 
style; stress and strain etc. depends on the 
individual life style, environment and 
occupation. The uncertain variations in these 
risk factors vary in each and every individual. 
The best logic to capture and resolve the 
existence of uncertainty to certainty is FUZZY 
LOGIC. Fuzzy logic yields results superior 
than conventional mathematical logic and also 

it is the suitable logic for handling words as 
linguistic variables rather than number. To 
estimate and predict the prevalence of 
Diabetes Mellitus based on the risk factors 
which inferences the renal disorder is 
validated using MATLAB to overcome the 
unexpected, sudden stop of the functioning of 
kidneys which in turn reduces the rate of 
mortality. 
 
3. Methodology 
 

3.1 Fuzzy Logic and Impact of Diabetes 
Mellitus on Renal 
 
 Diagnosis of a disease is a significant 
and tedious task in medical domain. The 
detection of renal disorders due to Diabetes 
Mellitus from various factors or symptoms is a 
multilayered issue which is not free from false 
presumptions often accompanied by 
unpredictable efforts. 
 
 The main objective of this paper is to 
identify the risk factors of Diabetes Mellitus 
which causes the severe impact on renal. 
Based on the medical expert’s knowledge, the 
risk factors may be grouped as  
 

 Controllable risk factors which can be 
controlled 

 Non-Controllable risk factors which 
cannot be controlled  

 Contributing risk factors which can be 
controlled or cannot be controlled 
depends on individual’s contribution. 

 
 In this proposed work, the risk factors 
identified are Hyperglycemia, Insulin, 
Ketones, Lipids, Obesity, Blood Pressure and 
Protien/Creatinine   which are controllable. 
The values of risk factors based on Universe 
of Discourse varies patient to patient depends 
on the symptoms that leads to so many 
complications. 
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 To overcome the uncertainty, fuzzy 
logic is used which yields results superior than 
the conventional crisp value. By applying 
fuzzy logic the evaluation of risk factors can 
be interpreted properly for effective diagnosis 
to minimize the rate of mortality with 
maximum efficiency. 
 
 
3.2   Design and Validation of Fuzzy Rule Base 
System 
 
 The essential part of the proposed 
Fuzzy knowledgebase System is to convert the 
given set of linguistic control strategy based 
on expert’s knowledge into an automatic 
control strategy. It consists of the four major 
components namely Fuzzification Interface, 
Rule Base, Inference Engine and 
Defuzzification. Each component explains 
how the risk factor values are validated to 
achieve the aim and objective of the proposed 
Fuzzy knowledgebase System. 
 
3.2.1   Fuzzification Interface 
 
 Fuzzy Interface converts crisp values 
into fuzzy value. There is a degree of 
membership for each linguistic term that 
applies to that input variable. 
 
Fuzzy Representation of Input Parameters 
 
 The membership function for Insulin 
and P/C Ratio are shown below. In the same 
way the membership function are constructed 
for other risk factors also. 
 

 
 

Fig: 1 Membership function for Insulin 

 

 

 
 

Fig 2 Membership function for P/C ratio 

 
Fuzzy Representation of Output Parameter 
 
 The membership function for output 
parameter stages of renal is shown below. The 
output represents the different stages of renal 
disorder. 
 

 
 

Fig 3 Membership function for stages of Renal 

 
3.2.2   Knowledgebase 

 
  The Fuzzy Knowledgebase System 
consists of a set of fuzzy propositions and is 
derived from the knowledge of medical 
expertise [17]. A fuzzy proposition establishes 
a relationship between different input fuzzy 
sets and output fuzzy sets. The Fuzzy 
Knowledgebase System is constructed based 
on the formula nm where n is the risk factor 
and m is linguistic variable.  The proposed 
FKBS consists of 7 risk factors and 4 
linguistic variables, which leads to 16384 
rules. This will effectively   evaluate all the 
possible variations in the Universe of 
Discourse for the patients with renal disorder 
due to Diabetes Mellitus [16]. It also predicts 
and forecast the risk at the earliest of any stage 
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to protect the patient from fatal end. Here only 
16 rules have shown for reference. 
 
Table 1: Sample rules framed for the impact of Diabetes Mellitus on 

Renal 
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DL
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DL
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(sy
s/di
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P/C Stages of 
Renal/ 
GFR 

1. L L L L L L L S3 

2. L L L L L L N S2 

3. L L L L L L H S3 

4. L L L L L L VH S4 

5. L L L L L N L S2 

6. L L L L L N N S1 

7. L L L L L N H S2 

8. L L L L L N VH S3 

9. L L L L L H L S3 

10. L L L L L H N S2 

11. L L L L L H H S3 

12. L L L L L H VH S4 

13. L L L L L VH L S3 

14. L L L L L VH N S2 

15. L L L L L VH H S4 

16. L L L L L VH VH S4 

 
3.2.3   Inference Engine 
 
The purpose of the inference engine is to infer 
information based on the knowledgebase to 
take major decisions in diagnosis. The 
knowledgebase is time variant, adaptive and 
robust in structure [18]. The number of fuzzy 
sets describing input variables increases, the 
number of proposition also increases. Since, 
writing all propositions is a tedious job, a 
matrix like representation may be followed 
and is known as Fuzzy Associative Memory. 
Based on the knowledgebase framed, 
inferences are acquired to take major 
decisions regarding therapy and treatment. 
 
 
 
 
 
 
 
  
  

Table 2: FAM for the sample rules framed 
                      
     LP,OB,PC, 
           BP            
         
  
           
HG/INS/KET     
                       

   
 
        
LLLL   

 
 
 
LLLN 

 
 
   
LLLH 

 
 
 
LLLVH 

LLL S3 S2 S3 S4 

LLN S2 S1 S2 S3 

LLH S3 S2 S3 S4 

LLVH S3 S2 S4 S4 

 
 
Based on the inferences, the knowledgebase 
may be restructured for proper, perfect and 
fast diagnosis of the disease. 
 
Decision making logic component 
 
 The decision rules are constructed for 
input parameters and control output values to 
find the active cells so that what control 
actions should be taken as a result of firing 
several rules. Finally, the aggregation of 
minimum control outputs is taken into 
consideration to maximize the grade of output 
to resolve the uncertain linguistic input to 
produce crisp output. The proposed system 
consists of 7 parameters with 4 triangular 
membership functions for each parameter. 
According to the formula nm   , 47 = 16384 
rules are framed in which 128 rules are fired 
for the sample input values of each parameter 
as, HG (L) = 65/72, Insulin (N) = 14.995, 
Ketones (H) = 30, Lipids (L) = 80/180, 
Obesity (L) = 12, Blood Pressure (H) = 
130/82, Protien/Creatinine (L) = .08.  

According to Mamdani Inference Method 
[19], the aggregation of control output is 
 

µagg(b)=max{min(1/4,µs3(b)), 

min(1/2.41,µs2(b)), min(1/2.41,µs1(b)) }  
 
 
3.2.4    Defuzzification Interface 
 
 Defuzzification is a process to get a 
non-fuzzy control action that represents the 
best possibility distribution of an inferred 
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fuzzy control action. Unfortunately there is no 
systematic procedure for choosing a good 
defuzzification strategy. So, by considering 
the properties of application, any one of the 
five methods   can be selected for 
defuzzification methods. In this paper, the 
“MEAN OF MAXIMUM’ defuzzification 
method is applied to find the intersection point 
of    µ = 1/2.41 with the triangular fuzzy 

number µs2 (b) and µs1(b).  By substituting (i) µ 
= 1/2.41 in s2 (b),  
 
µ = 90-b/30, 30 µ = 90-b, 30*1/2.41 = 90-b, 12.45 = 
90-b, 12.45-90 = -b, b = 77.5 
 
µ = b-60/30, 30 µ = b-60, 30*1/2.41 = b-60, 12.45 = b-
60, 12.45+60 = b, b= 72.45 
 
 after aggregation, the values are Ç1 = 77.5,   
Ç2 = 72.45, the output parameter i.e. the stage 
s2 in terms of Glomeruler Filtration Rate 
(GFR) of a patient [6] is identified to produce 
the crisp output  as  
 
Zm* = (77.5+72.5)/2 = 149.95/2 = 74.98 
 
(ii)  µ = 1/2.41 in s1 (b),  
 
µ = 140-b/50, 50µ =140-b, 50*1/2.41 = 140-b, 20.75 = 
140-b, 20.75-140 = -b, b = 119.25 
 
µ = b-90/50, 50µ = b-90, 50*1/2.41 = b-90, 20.75= b-
90, 20.75+90 = b, b = 110.75 
 
after aggregation, the values are Ç1 = 119.25,   
Ç2 = 110.75, the output parameter i.e. the 
stage s1 in terms of Glomeruler Filtration Rate 
(GFR) of a patient is identified to produce the 
crisp output as 
 
Zm* = (119.25+110.75)/2 = 230/2 = 115. 
 
 According to Mean of Maximum 
method, the maximum value is considered, for 
obtaining the optimum result. In this paper, 
two values obtained are 74.98 and 115 in 
which 115  is the maximum which represents 
the stage s1 of renal disorder in terms of GFR 

.Hence the diagnosis may  be concluded as, 
the patient is in stage s1, which indicates that 
the patient’s  renal is in normal state .  
 Therefore the proposed Fuzzy 
knowledgebase System is proven to be a rapid 
rule base application to monitor, predict and 
forecast the nature of renal disorder due to the 
impact of Diabetes Mellitus. It also helps to 
maintain the P/C Ratio in renal system, to 
avoid the renal disorders. 
 
 
 
4.  Results 
 
 In order to validate the fuzzy logic 
approach used in construction of FKBS, the 
extensive simulation is carried out using 
MATLAB. The system responses with  
 

 variation defined in the membership 
function as a rule viewer, surface view, 
cluster formation and preservation . 

 data training, checking, testing  with 
sample data  to capture the error 

 modulation of risk factors reading 
which varies from patient to patient 
with the level of risk due to the impact 
of DM on renal disorder and the results 
are favorable.  

 
4.1   Micro View of the simulated 
knowledgebase for Diabetic Nephropathy 
 

The constructed knowledgebase is 
simulated using MATLAB to identify the 
output parameter- the stages of Renal Disorder 
of a diabetic patient. 
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Fig 4: Simulated view of the rule base – Impact of |Diabetes Mellitus 
on Renal 

 
4.2   Surface View of Mapping with Input 
Parameters vs. Output Parameter 
 
 Surface view shows the three 
dimensional view curves that represent the 
mapping with input parameters vs. the output 
parameter, the stages of Renal disorder. 
Sample surface view of the proposed Fuzzy 
knowledgebase System  is shown as per the 
rules framed. 
  

 
 
           Fig 5: Surface view of Insulin Vs P/c Ratio 

 

 
 
        Fig 6: Surface view of P/C Ratio Vs Ketones 

 
Likewise the surface view can be generated 
for all the seven input parameters with the 
output parameter which helps to monitor the 
stages of renal disorder based on the variations 
of the risk factors from time to time. 
 
 
4.3   Grouping o f Patients Data  according  to 
the Risk Factors as  Clusters 
 
 Clustering is a way to examine 
similarities and dissimilarities of observations 
or objects. Data often fall naturally into 
groups or clusters of observations, where the 
characteristics of objects in the same cluster 
are similar and the characteristics of objects in 
different clusters are dissimilar. In this 
proposed FKBS, the cluster analysis is used 
for the purpose of grouping the patients with 
high risk and low risk.  Grouping of clusters 
also identifies the patients who need the 
emergency care. Using the Adaptive Neuro-
Fuzzy Inference System (ANFIS) editor, 
membership functions are shaped by training 
them with input/ output data rather than 
specifying them manually. 
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    Fig 7: Sample clusters generated for renal disorder 

 
 

 
 

                Fig 8   Disease-wise seperation of clusters 

 
4.4   Generation of Fis for Cluster Shape 
Preservation Using Adaptive Neuro-Fuzzy 
Inference System (Anfis) .  
 
 

The shape preservation is applied to 
organize the same size and shape clusters, to 
maintain the characteristics and properties of 
data in such a way to identify and differentiate 
the patient’s level of risk for emergency 
treatment. 
 
 
 

 
 
Fig 9 Generation of FIS with shape preservation to group the clusters 
generated 

 
5. Conclusion 
 
 The diagnosis of renal disorders for 
diabetic patients represents a serious clinical 
problem. The medical knowledge in this field 
is characterized by uncertainty, imprecision 
and vagueness. As the symptoms of diabetic 
patients are very fuzzy in nature, the use of 
linguistic approximation enables knowledge to 
be represented in a more meaningful way. 
Fuzzy logic is very useful to deal with the 
absence of sharp boundaries of the sets of 
symptoms, diagnosis and phenomena of 
diseases. The use of this approach is 
contributed to medical decision-making and 
the development of computer-assisted 
diagnosis in medical domain. 
 
  In this paper, the major risk factors for 
diabetic patients are identified and the FKBS 
is designed with 16384 rules which may adopt 
as an aid for finding the patient’s risk of renal 
disorder for proper treatment and care in time 
to avoid the ESRD. The designed 
knowledgebase is simulated with Mat Lab and 
the results are promising with the values 
considered 
 
 This fuzzy knowledgebase captures all 
the variations of the symptoms and so, it will 
be useful to infer the exact stage of renal 
patient as per the expert’s knowledge. This is 
also useful to take proper decision at the right 
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time for giving various types of treatments 
which ultimately reduces the rate of mortality. 
The designed FKBS may be extended to 
devise a MEMS device for monitoring the 
status of the risk factors with changing life 
style, food habits, occupation of human beings 
as further enhancement of this work. 
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