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Abstract—The need for the proposed system mounts due to expensive clinical cost, the prolonged period of Genetic testing 
and especially painful for an individual to perform all certain clinical tests to diagnose celiac disease. With this proposed 
method, an individual can foretell celiac disease by just input crisp values of varied symptoms using fuzzy logic. A case study 
was conducted using a questionnaire procedure to obtain out the requisite symptoms in Amritsar, Punjab on 700 individuals; 
having 303 females and 393 males. So, the proposed system will be implemented using Mamdani Model and forms the 

proposed system will have a disease prediction of 96.11% accuracy according to the input values given by an individual to 
authenticate the celiac disease. The proposed system will provide a fruitful outcome for individuals and physicians for celiac 
disease disclosure in few seconds without any painful testing strategy.
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INTRODUCTION

Several diseases have already been foretold with the fuzzy 
approach. Fuzzy logic deals with the multi-value approach 
which consists of complex crisp values according to input 
and output parameters. With the aid of a fuzzy inference 
system, the intact database that is in the form of fuzzy 

depends upon the kind of application. 

Fig. 1: Fuzzy System Architecture

Fuzzy logic is a type of technique to tackle the problem of 
uncertainty and ambiguity of the data. The input given to 
the system is based on the crisp values which should be 
formulated to fuzzy values depends upon the membership 

of fuzzy values to convert them into fuzzy if-then rules 
using fuzzy database refers to fuzzy inference system. 

The evaluation process needs to de-fuzzify, fuzzy values 
to crisp outputs to generate single output value for the 
system.  Celiac disease can be prophesied using fuzzy rules 
that should be accessible for individuals and physicians for 
recognizing the disease. Celiac disease is a class of chronic 
disease that vitiates the small intestine when the celiac 
patient engrosses gluten in the body. Gluten stays in wheat, 
barley, rye, etc. From the viewpoint of (Bascunun 2017), 
(Gee 1888) a few mm of gluten can be taken but more 
than that will harm small intestine ending in gut damage. 
(Dowd 1974) stated that the celiac disease can transpire 
at any age i.e. to a newborn baby or an old person. Marsh 

IgA, Biopsy, Genetic testing, Gliadin clinical tests, etc. There 
are very rare peoples who aware of celiac disease due to 
similar symptoms with other diseases given by (Murry 
2004). In additional words, the prescription of celiac 
disease does not come straight-forward because diarrhea, 
vomiting and stomach pain is very normal in other regular 
chronic diseases as these three are the basic symptoms of 
celiac disease as recommended by (Husby 2012) based on 
ESPGHAN guidelines. So, celiac patients require gluten-free 
nutrition to handle any type of intestine predicament from 
the disease. The role of the primary consumption of gluten 

of genetic disease that comes from the parental background.  
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LITERATURE REVIEW ON FUZZY LOGIC 
AND CELIAC DISEASE

Fuzzy logic is consistently used in recognizing chronic 

has been accomplished with different fuzzy parameters 
using the Mamdani model by (Moein 2009) and team 
members using the Netbox toolbox with 100% accuracy 
of the system. Chronic diseases having a genetic approach 
have been detected using the pattern recognition routine 
with fuzzy logic and neural network in 2011 by (Adeli 2011) 
with fetched samples from the UCI repository. The role of 
hybrid fuzzy logic originates with dental disease detection 
applying all major parameters of dental disease by (Parewe 
2016) with accuracy achieved 82% . Cholera diagnosis using 
fuzzy logic has been offered by Uduak and Mfon (2013) 
with MATLAB tool to prophesy the disease.Liver diagnosis 
has been reported using fuzzy by Hashmi and Khan (2015) 
with three diverse types of liver diseases been realized by 
the fuzzy system.  (Kaur 2016) proposed viral infection 
recognition using fuzzy logic with six different parameters 
to automate the system. The symptomatic study has been 
characterized by (Manikandan 2017) with the prediction 
of lung diseases using neural network and fuzzy logic 
with 95% accuracy of the fuzzy system. Recently (Zarandi 
2018) aimed a fuzzy expert system for diagnosing kidney 
disease. The study was conveyed in Iran on 400 specimens 
to diagnose chronic kidney or non-chronic disease patients 
having 80% accuracy. Colorectal cancer detection was 
presented by (Chowdhury 2018) using a fuzzy logic 
approach. The implementation has been executed on Matlab 
with three input parameters to detect bowel cancer.  On the 
additional side, Celiac disease has been wholly addressed 
by (Sood 2006) to unearth out the prevalence ratio of celiac 
disease on school children in Punjab. 1:310 prevalence 
consequences were proclaimed with an entirety conducted 
case study on 4347 children. Another related authenticity 
was proffered by (Makharia 2011) to commemorate the 
prevalence value in the northern region of India. More than 
10,000 individuals were randomly selected for the diagnosis 
process of celiac disease. 1:96 prevalence outcomes were 
produced with 31 celiac patients.  

STUDY CONDUCTED IN PUNJAB

The erudition of celiac or non-celiac selves has been 
assembled via Celiac Disease Awareness Camp organized 
in Amritsar, Punjab where 700 persons involved in the 
given camp. The data was collected through questionnaire 

technique with all possible symptoms. Persons that visited 
in the camp came from diverse sectors of Punjab including 
Ajnala, Amritsar, Baba-Bakala, Beas, Gurdaspur, Taran-Taran 
and their surroundings with distinct ages.  The graphical 
depiction was executed in SPSS software for presenting 
frequency distribution with age-group as shown in Figure 
2. The survey consists of data set with every gastro-
intestinal symptom present in almost all celiac patients. The 
questionnaire also consists of height, weight, age, gender, 
Body Mass Index (BMI) with necessary family background 

necessary symptoms for the proposed system.

Fig. 2: Age-Group Description

Out of 700 persons, 303 and 393 persons proclaimed 
Females and Males respectively. Most of the individuals in 
Punjab are still unaware of Celiac disease because of the 
association of symptoms among other well-known diseases. 
The consequence of the camp was 134 celiac patients out 
of which 75 Females and 59 Males were chronicled and the 
recommendation was not to use any gluten products in the 
diet shown in the given Figure 3. The outcome from the 
study conducted in Punjab, indicates that the female celiac 
ratio is too much in comparison with male correspondents. 
The symptoms found in almost all celiac patients matched 
with equivocal symptoms with every celiac patient. Due to 
this common behavior, it is easy to think about to develop 
fuzzy system which can predict the fuzzy system based on 
similar symptoms among them.

Fig. 3: Gender Wise Report

So, in other words, 56% of female representation appears 
real while screening celiac records. The overall evaluation 
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concerning celiac disease principally comes to females 
through the world endures truly from the survey. It 
is manifest from the results that the replies of female 
participants (75) carrying celiac disease outnumbered male 
respondents (59).

PROPOSED SYSTEM IMPLEMENTATION

The proposed system implemented with numerous 
parameters among them Body Mass Index (BMI) considered 
to be an essential parameter with abdominal pain in 
Python. Mostly strengthened celiac patients have Body 
Mass Index (BMI) either Underweight or Overweight as 
contrasted to healthy individuals. Figure 4 represents all 
the basic six input parametrs given to the proposed fuzzy 
system with appropriate range of symptoms retrieved form 
the survey. The selection of symptoms for the fuzzy sytem 

parameters. Every antecedent refers to fuzzy-if response 

Fig. 4: Celiac Input Parameters

The representation in fuzzy graph with one of the 

membership function with range according to weekly 

memebership value of the variable as fuzzy input.

Fig. 5: Vomiting Fuzzy Graph

The system implemented with python using multiple 
crisp values to every input parameter whereas the disease 
prediction output parameter consists of eleven crisp values 
for the apprehension of celiac disease. The triangular 
membership function was applied to develop fuzzy system 
according to its range which differs with every symptom. The 
values vary according to symptom due to varied level in the 
format of daily, weekly or hourly report. The representation 

values as once in a week, thrice in a week, and daily input 
with unique membership range. Similarly, every fuzzy input 

with distinct techniques.

x<0,x>40
0 x 44-x / where a = 0, b = 4 and m = 04ow

x < 1, x > 9
μ x  x - 1 / 4 1 < x < 5 where a = 1, b = 9 and m = 5thw

5 < x < 99 - x / 4  

0

x<6, x>10
μ xdaily x-6 /4 6

=
<x<10

0

where a = 6, b = 10 and m = 10

using three different range as underweight, normal and 
overweight in the view of fuzzy graph. The representation of 
the crisp input parameter Body Mass Index (BMI)  described 
in Figure 6.

Fig. 6: Body Mass Index (BMI)  Fuzzy Graph

The proposed system will have 486 fuzzy database rules 
that have been formulated based on the symptoms given in 
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ESPHAGN guidelines and existing studies in the world.

x < 0, x > 22
μ x = where a = 0, b = 22 and m = 0uw 22 - x /22     0 < x < 22

0

x < 1, x > 9
μ x  = x - 1 / 4 1 < x < 5 where a = 1, b = 9 and m = 5thw

5 < x < 99 - x / 4  

0

0 x < 6, x > 10
μ x where a = 6, b = 10 andm = 10daily x - 6 / 4  6 < x < 10

=

Other parameters used in the proposed system as 
abdominal pain with mild, moderate and severe values. 
Abdominal pain generates in the celiac patients whenever 
any celiac patient consumes gluten in the diet. The range 
of abdominal pain depends upon domain which should be 
required to feed the data in the fuzzy system as crisp inputs. 

lack of blood in the body as another vital symptom for the 
predictive system. The range is as similar to the abdominal 
pain intensity with fuzzy crisp inputs. Diarrhea parameter 
is associated as intensity with never, once in a week, thrice 
in a week and on daily basis data. The range of the diarrhea 
parameter is 0-10 for the fuzzy system. Weight loss act as 
crucial parameter for the fuzzy system when any individual 
loss their weight abruptly in few months with values are 
underweight and static or underweight and losing.

RESULTS AND DISCUSSIONS

The rule viewer of the prediction of celiac disease produced 
output by differentiating 486 rules from the fuzzy engine 
using Mamdani Model given by (Mamdani 1975). From the 
given input, 8 different kinds of rules matched and comprise 

crisp input, when compared with its value, produces two 
indices that lie in different precincts to estimate a single 

any individual submit the symptomatic value into the 
proposed fuzzy system. The inputs given by the individual 

(BMI) evaluator has already been evaluated using PyCharm 
software based on Python Language. The system also 
display every single symptom plot chart based on the input 
given by any user. The bar chart slider toolbar also provided 

Fig. 7: Celiac Disease Input Symptoms with Crisp Inputs

The celiac disease system produces an output of 96.11% 
with graphical layout. It also recommends the clinical 

the symptomatic data given by one of the celiac patient. 
In traditional approach, the similar process was evaluated 

rules that lie among the given input matched with all set 

same fuzzy input given to the fuzzy system. The evaluation 

the membership function either trapezoidal or sigmoid 
function. Every given matched rules from the entire fuzzy 
database is required to be recorded to compare with the 
fuzzy input. The fuzzy inference system check every stored 
fuzzy rule in the database crosscheck with the fuzzy input an 
compute single value that should be accumulated together 
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whereas the upshot of the proposed system will have a 
disease prediction of 96.11% accuracy according to the 
input values given by an individual to authenticate the celiac 
disease. 

# If the membership function is a singleton fuzzy set: 
if len(x) == 1: 
    return 

 
# else return the sum of moment*area/sum of area 
for i in range(1, len(x)): 
    x1 = x[i - 1] 
    x2 = x[i] 
    y1 = mfx[i - 1] 
    y2 = mfx[i] 
     
    if not(y1 == y2 == 0.0 or x1 == x2): 
        if y1 == y2:  # rectangle 
            moment = 0.5 * (x1 + x2) 
            area = (x2 - x1) * y1 
        elif y1 == 0.0 and y2 != 0.0:  # triangle, height y2 
            moment = 2.0 / 3.0 * (x2-x1) + x1 
            area = 0.5 * (x2 - x1) * y2 
        elif y2 == 0.0 and y1 != 0.0:  # triangle, height y1 
            moment = 1.0 / 3.0 * (x2 - x1) + x1 
            area = 0.5 * (x2 - x1) * y1 
        else: 
moment = (2.0 / 3.0 * (x2-x1) * (y2 + 0.5*y1)) / (y1+y2) + x1 
            area = 0.5 * (x2 - x1) * (y1 + y2) 
        sum_moment_area += moment * area 
        sum_area += area 
return sum_moment_area / np.fmax(sum_area, 

The code from the python is described with one module 

describes sum of area method used in the proposed fuzzy 
system to compute its probable value. Similar types of 
different modules can be fetched from the fuzzy system 
including import external libraries as numpy, tkinter and 
skfuzzy. It indicates that the system when compared with 

outcome in terms of probability with lesser time to evaluate.

Fig. 9: Fuzzy Celiac Output with Re-commendation

The input given is in the framework of fuzzy system based on 
symptoms with the given scenario comes out to be 96.11% 
whereas the traditional method of producing similar 

shows the accuracy of the proposed system in a better way 
as depicted in Figure 9. So, the proposed system produces 

better outcome in terms of accuracy in comparison with 

(Thukral 2019).

CONCLUSION

The proposed system yielded excellent output accuracy of 

procedure of 95%. The collected set of data from the camp 
illuminates that female ratio carrying celiac disease is 
much more as correlated to males as depicted in ESPHAGN 
guidelines. The awareness level of celiac disease in the 
world is very miniature as received in the collected data. 
The evaluation of the system without python by practicing 

inputs supplied in the form of symptoms. Few parameters 
like abdominal pain and varied Body Mass Index (BMI) 
having vital inputs for the system as it seems optimum 
matched with all existing celiac patients. The projected 
outline is to increase some parameters by reconstructing 
fuzzy rules or by using distinct tools to appraise the accuracy 

 
celiac disease.
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