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Abstract: In recent years Fuzzy concepts has been used to solve many complex problems by developing 
intelligent systems. Fuzzy Logic has proved to be a powerful and wonderful tool for decision making systems. 
Here we use the concept of Intuitionistic fuzzy sets and their relations by which the state and symptoms of the 
patient can be known by the physician with only a limited degree of precision. In this paper we would like to 
discuss how Sanchez’s method can be used for the diagnosis of types of Tuberculosis (TB). This method is 
based on the relation between the symptoms and diseases by using Intuitionistic fuzzy sets (IFS). We also use 
Shanon’s Information Measure in this diagnosis procedure. The comparison between results is also studied.  
For this purpose, we develop a case study containing medical information with assigned degree of membership 
and degree of non-membership. 
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Introduction: Healthcare has been one of the top demands for this generation. There are a lot of tools which 
try to reduce the risk of error apparition in medical life. Diagnosis has a very important role in medical 
diagnosis. The presence of technology in diagnosis phase is welcome because of its advantages. The technology 
does not replace human expertise in this point of medical assistant; it only tries to help them in implementing 
the systems that are able to select or to generate data which are relevant for the physicians. There are a 
number of techniques used by providers to obtain a correct diagnosis. The process of diagnosis begins when 
the patient consults the provider and present a set of complains (symptoms). The symptoms of the disease will 
give information to the physician for a particular disease. These symptoms are generally ranked in order of 
probability. 
Fuzzy sets are the sets whose elements have degrees of membership. Fuzzy sets have been introduced by 
LoftiAskarZadeh (1965) as an extension of the classical notion of set. The notions of fuzzy sets have 
membership and non-membership values. The main feature of the fuzzy sets is that their boundaries are not 
precise; this allows human beings to assign a subjective membership value to the elements of the interest 
without totally rejecting or accepting them, whereas the non-membership value is automatically determined 
by the difference of the membership value with unity. In this paper, we describe an attempt to provide a 
mathematical model of the process to diagnose the types of tuberculosis by using IFS and IFR theory. We also 
apply the Shanon’s Entropy measure in the form of treatment Recommendation system and compare the result 
of these two methods. Losch [9] suggested the process of diagnosis of glaucoma by using fuzzy sets. Adlassing 
[1] has applied fuzzy set theory in medical diagnosis. Gupta Priti, Kumar Vijay [4] has applied Sanchez’s 
method in the medical diagnosis of headache.Kumar Vijay, BhartiIsha and Sharma Y.K. [7] has also used the 
Sanchez’s method for the fuzzy diagnosis procedure of the types of Glucoma. Kumar Vijay and 
DevendraVashist [8] have applied some distance methods for the selection of car among various brands. Gupta 
Priti, Prince, Kumar Vijay [5] has also used the Sanchez’s approach in the medical diagnosis of Diabetes. In this 
system the physician uses his medical knowledge to infer a diagnosis from the symptoms displayed by the 
patient, his laboratory tests results and medical history. 
One third of the world’s population is thought to have been infected with Tuberculosis, with new infections 
occurring in about 1% of the population each year. Tuberculosis is a common and an infectious disease which 
is caused by bacteria called “Mycobacterium Tuberculosis”. It was first isolated in 1882 by a German physician 
who received the Nobel Prize. Tuberculosis most commonly attacks the lungs but can also affect the central 
nervous system, the circulatory system, bones, joints and even skin. A person can become infected with 
tuberculosis bacteria when he or she inhales minute particles of infected sputum from the air. The bacteria get 
into the air when someone who has a tuberculosis lung infection coughs, sneezes, shouts, or spits (which is 
common in some cultures). There are some signs and symptoms like cough from more than 2-3 weeks, chest 
pain, bloody sputum, pain with breathing and tiredness or weakness etc.  Tuberculosis may be diagnosis by 
tuberculin skin test, X- ray and sputum test etc. By doing regularly exercise, covering mouth by mask, using 
vaccine BCG, and eating healthy foods we can prevent the tuberculosis. People with weakened Immune 
systems (those with HIV/AIDS, 
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children fewer than five year old etc.) are at a greater 
risk for developing TB disease. 
There are many types of tuberculosis say Active TB, 
Inactive TB, Pulmonary TB, Extrapulmonary 
tuberculosis, Multidrug-Resistant TB, Skeletal TB, 
Active TB, Inactive TB, Pulmonary TB, 
Extrapulmonary tuberculosis, Multidrug-Resistant TB 
(MDR-TB), Skeletal TB, Culaneous TB etc. But 
iCulaneous TB etc. But in this paper we will discuss 
five major types of tuberculosis namely Active TB, 
Inactive TB, Pulmonary TB, Extrapulmonary TB, 
Multidrug-Resistant TB, with their causes and 
reasons. The immune system is unable to stop the 
bacteriaif a person has Active TB. When a person 
with Active TB coughs, sneezesor spits, people may 
breathe in the TB bacteria and become infected. 
Inactive TB is also Latent TB, the patient’s body may 
be successfully fight the bacteria and stop them from 
causing illness. The person does not feel sick and 
cannot spread TB. The Pulmonary TB mainly affects 
the lungs. The patient’s may have chest pain, high 
fever and a prolonged cough producing sputum. In 
Extrapulmonary TB the infection spreads outside the 
lungs. Patient’s having weekened Immune system is 
at greater risk for this type of TB. MDR- TB is a form 
of drug- resistant TB in which TB bacteria can no 
longer be killed by at least the two best antibiotics, 
commonly used to cure TB. As a result, this form of 
disease is more difficult to treat than Ordinary TB 
and requires up to two years of multidrug treatment. 
In the above passage we have explained five major 
types of tuberculosis with their influencing factors. 
The term symptom is used for any information about 
the patient’s state of health. In other words, we find 
the reasons or causes of above mentioned factors. 
Based on this information a physician has to find a 
list of diagnostic possibilities for the patient. 
To Diagnose Tuberculosis: Firstly we establish IF 
relation between patients and reasons (causes) of 
tuberculosis with assigned degree of membership and 
degree of non-membership elements as explained in 
table (1.1). Secondly, we establish relation between 
the types of tuberculosis with their reasons or the 
related factors in table (1.2) by taking medical 
information. Finally we apply the maximum-
minimum composition or minimum-maximum 
composition of IF relations as explained in table (1.3). 
The highest weight for each patient from possible 
diagnosis gives the solution as explained in table (1.4). 
We also use here the Shanon’s Entropy Measure in 
this diagnosis procedure by making tables (1.5) and 
(1.6). But in this procedure the minimum weight for 
each patient from possible diagnosis is taken.  At last 
we compare the results of these two methods. If there 
is tie in weight elements then patient may have the 
risk of both kind of diabetes. 

Introduction to Intuitionistic Fuzzy Sets (IFS) 
and Intuitionistic Fuzzy Relations (IFR): 
Intuitionistic fuzzy set theory was initiated by 
Atanassov [3], which has enriched its potentiality to 
deal with vagueness in some special situations.  The 
concept of the Intuitionistic Fuzzy Sets is one of the 
new topics developed for dealing with the 
uncertainties present in most of our real life 
situations. The parameterization tools of 
Intuitionistic Fuzzy Set theory enhance the flexibility 
of its applications. All the problems which are dealt 
with fuzzy set theory can be well dealt with IFS 
theory, but there are situations where fuzzy set 
theory cannot be suitable applied to make fair 
analysis. Thus a part of such estimation naturally 
remains in deterministic. That is why, IFS is very 
useful mathematical tool in many situations having 
imprecise, vague and inexact data. The values in IFS 
are ranging from [0, 1] whose solution depends upon 
human perception. Further Szmidt [10] introduces 
another function namely intitutionistic index or 
hesitation index π for each element x in a finite set X. 
Relations are a suitable tool for describing 
correspondences between objects. Crisp relations like   
ϵ, c ...... have served well in developing mathematical 
theories. The use of fuzzy relations originated from 
the observation that real life objects can be related to 
each other to a certain degree. However, in real life 
situations a person may assume that a certain object 
A is in relation R with another object B to a certain 
degree, but it is possible that he is not so sure about 
it. In other words, there may be a uncertainty about 
the degree that is assigned to the relationship 
between A and B. In fuzzy set theory there is no 
means to incorporate that uncertainty in the 
membership degrees.  
Adlassnig [1], Ahn [2] elaborates medical knowledge 
as fuzzy relation between symptoms and disease in 
medical diagnosis of headache. 
Zadeh [11], for a fixed set X, an IFS of A is defined as: 

( ) ( ){ }XxxvxuxA AA ∈><= |,,
, 

WhereuA(x): X → [0, 1] and vA(x): X → [0, 1] define 
the degree of membership and degree of non-
membership of the element x ∈X to the set A. 

For every x ∈X, 0 ≤uA(x) + vA(x) ≤  1 and the 

amount ( ) ( ) ( )xvxux AAA −−=1π  is called the 

intuitionistic index or hesitation index, which may 
require to membership value, non-membership value 
or both. 
Again, Let A be a IFS of the set X and let R be an IF 

relation from x →X, then max-min-max composition 
of IFS X with the IF relation R (X → Y) is defined as B 
= R o A with membership and non-membership 
function defined as: 
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( ) ( ) ( )[ ]{ }yxuxuyu RA
Xx

B ,,minmax
∈

=

 And 

( ) ( ) ( )[ ]{ }yxvxvyv RA
Xx

B ,,maxmin
∈

=  

LetR = {r1, r2 ………………..... rm};   
D = {d1, d2 ………………..... dn}; 
 P = {p1, p2 …………………..... pq}; be the finite set 
of reasons, diseases and patients respectively. 
 According to Biswas [6], two fuzzy relation 
(FR), Q and R are defined as: 
Q = {<(p, r), uQ(p, r), vQ(p, r) > | (p, r) ∈  P × R} 
R = {<(r, d), uR(r, d), vR(r, d) > | (r, d) ∈  R × D}, 
WhereuQ(p, r) indicate the degree that the disease 
appear in the patient p due to the reason r and   vQ(p, 
r) indicate the degree that the disease does not 
appear in the patient p due to the reason r. 
Similarly uR(r, d) indicate the degree to which the 
reason r confirm the disease d and vR(r, d) indicate 
the degree to which the reason r does not confirm the 
disease d.  
The composition T of IFRs R and Q (T = R o Q) 
describe the state of patient pi in terms of the 
diagnosis of disease diabetes from P to D given by 
membership and non-membership as: 

( ) ( ) ( )[ ]{ }drurpudpu RiQ
Rr

iT ,,,minmax,
∈

=  

( ) ( ) ( )[ ]{ }drvVrpvdpv RiQ
Rr

iT ,,,maxmin,
∈

= ; 

Ppi ∈∀ And Dd∈  

\Now, we can estimate the labels of diabetes of 
patients using the medical information obtained from 
the chart of given case study. This information plays a 
significant role in diagnosis when many types of 
diabetes are presented in patients. 
From Q and R, one may complete new measure of 
IFR T for which, in general the diagnostic labels of 
patients p for any disease d such that the following is 
to be satisfied: 

(i) ST = uT – vT* Tπ  is greatest and 

(ii) The equality T = R o Q is retained. 
This measure of T will translate the higher degree of 
association of symptoms as well as lower degrees of 
intuitionistic index to the diagnosis. If there is almost 
equal values for different diagnosis in T is obtained, 
we consider the case for which intuitionistic index is 
least. 
Case Study Having Medical Information: Let P = 
{p1, p2, p3, p4} be the set of patients and R = {TB 
Bacteria, HIV/AIDS, Chest pain or cough, Weakened 
Immune System,  Excessive use of Drugs} be the set 
of reasons or causes (also say influencing factors) 
which may affect the patient. New let the IFR:  Q 

(P → R) is given by 
 
 

Table – 1.1 
 

Q TB Bacteria HIV/AIDS Chest Pain 

or Cough 

Weakened 

Immune 

System  

Excessive 

use of 

Drugs 

Patien

ts 

uQ vQ uQ vQ uQ vQ uQ vQ uQ vQ 

P1 0.7 0.2 0.6 0.0 0.1 0.7 0.5 0.2 0.0 0.6 

P2 0.0 0.6 0.5 0.3 0.6 0.1 0.0 0.6 0.0 0.9 

P3 0.5 0.2 0.7 0.2 0.0 0.5 0.2 0.3 0.3 0.4 

P4 0.4 0.0 0.3 0.5 0.2 0.3 0.8 0.1 0.5 0.3 

 
Now D = { Active TB, Inactive TB, Pulmonary TB, 
Extrapulmonary TB, Multidrug-Resistant TB,} be the 

set of diseases due to which the patient may 

suffer.Now suppose the IFR:  R(R→D) is given by 
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Table – 1.2 
 

R Active TB Inactive TB Pulmonar

y TB 

Extrapulmon

ary TB 

MDR-TB  

Diseases uR vR uR vR uR vR uR vR uR vR 

TB Bacteria 0.7 0.1 0.3 0.1 0.4 0.4 0.2 0.6 0.2 0.7 

HIV/AIDS 0.4 0.5 0.8 0.0 0.5 0.3 0.3 0.3 0.0 0.6 

Chest Pain 

or Cough 

0.1 0.5 0.2 0.7 0.6 0.2 0.5 0.3 0.2 0.4 

Weakened 

Immune 
System 

0.3 0.2 0.5 0.3 0.6 0.1 0.7 0.2 0.4 0.3 

Excessive 

use of 

Drugs 

0.2 0.5 0.1 0.6 0.2 0.7 0.3 0.6 0.9 0.0 

Now the composition T = R o Q is following as: 
                                                                      Table – 1.3 

T Active TB Inactive TB Pulmonary 

TB 

Extrapulmona

ry TB 

MDR-TB 

Patients uQ vQ uQ vQ uQ vQ uQ vQ uQ vQ 

P1 0.7 0.2 0.6 0.0 0.1 0.7 0.5 0.2 0.0 0.6 

P2 0.4 0.5 0.5 0.3 0.6 0.2 0.5 0.3 0.2 0.4 

P3 0.5 0.2 0.7 0.2 0.5 0.3 0.3 0.3 0.3 0.3 

P4 0.4 0.1 0.5 0.1 0.6 0.1 0.7 0.2 0.5 0.3 

 

Now we calculate ST = uT – vT* Tπ is greatest where Tπ  = 1 – uT – vT is called the intuitionistic index or 

hesitation index. 
                                                                            Table – 1.4 

ST Active TB Inactive TB Pulmonary 
TB 

Extrapulmonary 
TB 

MDR-TB 

P1 0.68 0.60 0.44 0.44 0.31 
P2 0.35 0.44 0.56 0.44 0.04 
P3 0.44 0.68 0.44 0.18 0.18 
P4 0.35 0.46 0.57 0.68 0.44 

 
Now from the final table we conclude that patient P1 
is affecting from the Active TB, P2 is effecting from 
Pulmonary TB, P3 is effecting from Inactive TB and 
patient P4 is affecting from the Extrapulmonary TB. 
These are the different reasons for different types of 
diabetes. 
Now we apply the Shanon’s Entropy on the same 
values taken above and find the results. We know 
that the Shanon’s Entropy is given by�( ) =
 − ∑ ($%log$%)&%'(  .   
 Here we apply this entropy measure as fuzzy entropy 

measure in the form of�( ) =  − ) *µ%logµ%+
&

%'(
 + 

(,%log,%) + (-%log-%) 

Whereµ% denotes the degree of membership and,% 
denotes the degree of non-membership and -% 
denotes the hesitation index. We apply this entropy 
measure on the values of table third and get results as 
table four (approximately same). At last we compare 
the results of these two methods.  
We take same values in fifth table as in table third. 
Then we apply Shanon’s Entropy Measure on values 
of table five and get results of table sixth. Thus the 
fifth and the last tables are given as: 
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Table – 1.5 
T Active TB Inactive TB Pulmonar

y TB 

Extrapulmona

ry TB 

MDR-TB 

Patients uQ vQ uQ vQ uQ vQ uQ vQ uQ vQ 

P1 0.7 0.2 0.6 0.0 0.1 0.7 0.5 0.2 0.0 0.6 

P2 0.4 0.5 0.5 0.3 0.6 0.2 0.5 0.3 0.2 0.4 

P3 0.5 0.2 0.7 0.2 0.5 0.3 0.3 0.3 0.3 0.3 

P4 0.4 0.1 0.5 0.1 0.6 0.1 0.7 0.2 0.5 0.3 

 
Table – 1.6 

ST Active TB Inactive 

TB 

Pulmonary 

TB 

Extrapulmonary 

TB 

MDR-TB 

P1 0.34 0.38 0.34 0.44 0.38 

P2 0.40 0.44 0.50 0.44 0.45 

P3 0.44 0.34 0.44 0.47 0.47 

P4 0.40 0.40 0.47 0.34 0.44 

 
Now from the table 1.6 we conclude that the patient 
P1is suffering from active TB and Pulmonary TB, 
patient P2is also suffering from Active TB while the 
patients P3 and P4are suffering from Inactive TB and 
Extrapulmonary TB. Each patient has different type of 
TB having some reasons. 
Conclusion: In this paper, the comparison between 
Intuitionistic fuzzy set theory and fuzzy information 
measure in the medical diagnosis of tuberculosis has 
been studied by taking a case study. It is possible to 
classify the types of tuberculosis by using the 

methods mentioned above. By using these methods 
we can classify the patients according to the types of 
tuberculosis they suffer from. From the results taken 
from tables 1.4 and 1.6 we conclude that all the 
patients are suffering from the same type of disease 
(approximately). There are some other methods say 
‘distance methods’ which may also use in this type of 
diagnosis procedure. These methods may prove 
effective tool for decision making problems and can 
be extended to medical diagnosis of any type of 
disease.
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