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STAGE-WISE DETECTION OF LUNG CANCER IN RURAL
MADHYA PRADESH USING A FUZZY EXPERT SYSTEM
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Abstract

Lung cancer remains one of the most fatal diseases worldwide, primarily due to its late detection and 
rapid progression. Timely and accurate diagnosis is critical for determining suitable treatment strategies 
and improving patient survival rates. The focus of this paper is to design a Fuzzy Expert System (FES) 
for the stage-wise detection of lung cancer, aiming to assist healthcare professionals in identifying not 
only the presence of cancer but also its progression stage, using a systematic, intelligent, and explainable 
approach. We have developed an expert system based on fuzzy logic that will aid in detecting the various 
stages of lung cancer in patients. The stage of lung cancer mainly depends on the symptoms reported by 
the patient. This expert system has been implemented in MATLAB using the Fuzzy Toolbox. Patients 
save time by using this expert system instead of spending it in a hospital, where there are few doctors and 
medical equipment, particularly in rural areas. For this study, we are focusing on a rural area in the state 
of Madhya Pradesh, India.

2010 Mathematics subject classification: primary 03B52, 94D05, 68T27; secondary 92C50 . 
Keywords and phrases: Fuzzy sets, Fuzzy Expert System, Lung Cancer.

1. Introduction

Lung cancer is one of the most dangerous diseases found in human beings. Every 
year, many people die from lung cancer. The treatment of lung cancer is very 
difficult in the last st age. Therefore, early diagnosis of  the disease is  very important. 
Various powerful medicines are available for the treatment of lung cancer these days, 
but the only problem is that sometimes patients ignore the symptoms in the initial 
stage. When the disease has been detected at a later stage, it is very difficult to 
treat the disease and save the life of the patient. Doctors have to deal with many 
difficulties in  th e di agnosis of  lu ng ca ncer be cause in itially, th e sy mptoms in  the 
patients are usually not clear, and sometimes, they are similar to the symptoms found 
in other lung diseases. Before making any decision, doctors always have to test 
many times. So, the diagnosis result not only depends on the patient’s symptoms 
but also on the doctor’s experience. Lung cancer continues to be a leading cause 
of cancer-related mortality in India, with a growing number of cases reported from
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rural and underdeveloped areas such as Madhya Pradesh. These regions often face
significant challenges, including a lack of specialist healthcare providers, limited
access to advanced diagnostic facilities, delayed detection, and poor patient awareness.
Policymakers are better able to fully understand local health challenges when they
are aware of the illness profile in the region of interest. In nations like India, where
socioeconomic, regional, and cultural diversity is vast, gathering this kind of data
is crucial. The population of Madhya Pradesh, the second-largest state in India,
is diverse and comprises individuals from rural, urban, and tribal areas. For this
study, we conducted one-on-one interviews with patients from rural and tribal areas,
where access to medical facilities is limited, to determine the status of different
stages of lung cancer. Due to insufficient information and incorrect measurement,
we realize ourselves everywhere confronted by uncertainty. To deal with uncertainty
and vagueness. Zadeh et al. [28, 29] developed the concept of fuzzy logic. Fuzzy logic
[3, 13, 14, 26, 29] is a mathematical tool which deals with uncertainty. Zadeh et al. [30]
proposed the membership function when uncertainty occurs to make an appropriate
decision. Usually, the degree of membership is selected in the real unit interval [0, 1],
where 0 shows that an element is not entirely in the set, 1 shows that an element is
fully in the set, and a number in between [0, 1] shows that an element is partially in
the set. Other aspects of fuzzy expert systems are also covered by Bai et al. [1], Kosko
[10], and Navalakhe et al. [12]. Nowadays, various types of soft computing methods,
including fuzzy logic, neural networks, various algorithms, and hybrid systems, are
widely utilized in the medical field by Prasad et al. [16] , Youneszade et al. [27]. For
other dimensions in fuzzy metric spaces, we refer to Chauhan et al. [4] and Shabu et
al. [21].

1.1. Review of Related Work Several relevant studies on fuzzy logic have been
incorporated in this section, offering a comprehensive overview of its applications
in the medical domain. Various scholarly works detail the design and functioning
of medical expert systems based on fuzzy logic methodologies. Rezaei et al. [18]
created a fuzzy inference method for the evaluation of peptic ulcers in order to control
uncertainty and imprecision in measurements pertaining to the size and shape of
abnormality. Obi et al. [14] introduced a neuro-fuzzy logic-based computer method
for Alzheimer’s disease identification. In contrast to the conventional approach, this
system generates more accurate output by using a set of fuzzified dataset symptoms
in a neural system. By developing a fuzzy rule-based inference system, Durai et al.
[7] explore how fuzzy logic can be used to detect and identify lung cancer. As an
output, the suggested system determines the proven disease stage after accepting the
necessary symptoms for a lung infection. The membership function is computed by the
system for both input and output variables based on the inputs supplied. This method
uses specialized knowledge to create rules, which are then applied appropriately to
produce symptoms. Using a neuro-fuzzy system, Opeyemi et al. [15] proposed a
unique method for the early prediction of heart attacks. Also, Semogan et al. [20]
and Soundararanjan [23] proposed a fuzzy diagnostics decision support system for
tuberculosis that is based on rules. The first fuzzy logic system was created after the
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dataset was taken out of the database. A collection of training data was used to train
the network, then validation was carried out. One of the system’s outputs was made
so the patient may use it on their own. Huang et al. [8] used an adaptive neuro-fuzzy
inference system in an integrated strategy for glaucoma detection. In their survey,
Prasath et al. [17] examined the use of fuzzy logic in medical diagnosis. Several
clinical decision support systems have been developed using artificial intelligence
assistance and are commonly used in clinics and hospitals for decision-making,
according to the author’s survey. It appears that this approach is set up to allow for
logical thought and the handling of approximation reasoning. This paper discusses
the use of fuzzy logic in the medical profession, including HIV, arthritis, anesthesia,
meningioma, TB, cancer, aphasia, pharmacy, heart disease, asthma, diabetes, malaria,
hypothyroidism, and diabetes. The conclusion is that fuzzy logic offers a way to
represent the subjective decision-making process in a way that can be implemented by
an automatic system. The term "soft computing" refers to a collection of approaches
that complement one another and offer adaptable information processing capabilities
for dealing with unpredictable circumstances. A fuzzy framework for diagnosis and
monitoring of cholera is presented by Uduak et al. [25] for providing a decision
support platform to cholera health practitioners. The motivation for the work was
due to insufficient cholera control measures in existence and the need to provide a
novel approach towards cholera control. Very recently, health conditions of rural
localities of Madhya Pradesh, India were addressed by Mishra et al. [11], and Bano
et al. [2]. Fuzzification, the inference engine, the knowledge base, and defuzzification
are the four parts of the fuzzy expert system used in this research. The medical expert
inference engine employs a Mamdani max-min fuzzy expert system, and the centroid
of area defuzzification technique to infer data from rules developed.

1.2. Research Gap Although many intelligent and machine-learning systems have
been developed for lung cancer detection, most depend on CT or PET imaging, which
is rarely available in rural and tribal regions of India. Fuzzy logic has been widely
applied in medical decision-making, but very few studies address stage-wise lung
cancer classification using fuzzy inference for populations with limited clinical access
and high environmental risks, such as biomass smoke, tobacco use, and poor air
quality. Existing fuzzy models mainly estimate overall risk, classify benign versus
malignant nodules, or rely on large datasets, making them unsuitable for rural settings.
Moreover, there is a lack of studies using field-level patient data from rural and
tribal communities, where symptoms may differ due to lifestyle and delayed care, and
expert-validated fuzzy rule bases tailored to these populations are largely absent.

1.3. Cancer Landscape in Madhya Pradesh Cancer rates are drastically increasing
in Madhya Pradesh, and the disease is rapidly becoming a serious health concern in
India. The Indian Council of Medical Research (ICMR) and the National Centre for
Disease Informatics and Research (NCDIR) recently released data showing that the
number of new cancer cases in the state nearly doubled from 42,966 in 2020 to 81,901
in 2023 [31]. This data indicates that lung cancer is the most common cause of cancer
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in men. The prevalence of lung cancer and tobacco-related illnesses is also still rising
in Madhya Pradesh, especially because of the state’s inadequate surveillance system
and high-risk lifestyle choices. Despite the existence of a Population-Based Cancer
Registry (PBCR) in Bhopal, the state’s overall registry coverage is low, which restricts
the availability of reliable cancer incidence data. In districts like Mandla, where the
frequency is above 40%, tobacco use has long been prevalent, particularly among tribal
communities. Tobacco use is a major risk factor for lung cancer. Nonetheless, recent
national health surveys (NFHS-4 to NFHS-5) show a notable drop in tobacco use
among men in the state, indicating that regulatory changes and increased awareness
are having an impact. With the majority of the major facilities located in Bhopal
and Gwalior, the infrastructure for cancer treatment is still evolving despite these
advancements.

2. Overview of Fuzzy Expert System

Definition 2.1. ([30]) Suppose Z is an universal set with elements z , then a fuzzy set
S in Z is defined by the set of ordered pairs such that

S = {(z, µS (Z)) |z ∈ Z} (2.1)

where µS (Z) is referred to as the fuzzy set’s membership function and every element in
the closed interval [0, 1] is mapped by the membership function (MF) to a membership
grade.

The aim of fuzzy expert systems is to represent the human expert knowledge in
the form of a set of fuzzy If-Then rules. The FESs designed acceptable rules, and
decisions are made on the basis of these rules. The main part of FES is decision-
making. FESs use “If. . . Then. . . ” statements, and each statement is connected with the
“AND” or “OR” operators to make appropriate decision rules. It can take crisp inputs
and produce fuzzy outputs. Therefore, the defuzzification method is used to convert
fuzzy output into a crisp value. With the advancement of technology, computerization
in healthcare facilities enables the construction of diverse clinical decision-making
units capable of computing as competently as a human in specialized fields. The two
primary types of clinical decision support systems are (i) knowledge-based clinical
decision support systems and (ii) non-knowledge-based systems. Another name
for the knowledge-based clinical decision support system is fuzzy expert systems
[FESs]. Fuzzy Expert Systems [3, 6, 9] are a well-defined terminology within
artificial intelligence, which is based on fuzzy sets and fuzzy logic. They play a very
important role in solving many complex problems of the real world. A Fuzzy expert
system is a significant method to handle the problem of uncertainty, imprecision,
and vagueness. Fuzzy Expert Systems [5, 19, 24] have been used in various fields
related to engineering, science, agriculture, and medicine etc. The primary objective
of this work is to create a prototype warning system for clinical activities. It is
predicated on the idea that healthcare problems can be analysed using straightforward
rules, and that a doctor’s decision-making process can be modelled using fuzzy rule
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sets. With the premise that healthcare issues can be analysed using straightforward
rules and physician decision-making can be facilitated by fuzzy rule sets, the goal of
this work is to showcase a model warning system for clinical activity. Here, every
piece of information regarding the medical condition and its symptoms is kept in
the knowledge base and categorized into rules within the Rule base [7]. The main
use case for rule-based systems is in diagnosis in medicine. Using a set of user-
supplied human language rules, fuzzy logic offers inference morphology for system
construction. The conversion of these rules to their mathematical equivalent is done
by fuzzy logic, which is very abstract. This generates a far more reliable representation
of how systems behave in the real world and simplifies the work of the computer and
system designer [25, 30].

2.1. Building Block of Fuzzy Expert System The four main components of fuzzy
expert systems are: Fuzzification, knowledge base, inference engine and defuzzifica-
tion, shown in Figure 1.

Figure 1. Overview of Fuzzy Expert System

The functions performed by each component are:
(i) The main function of Fuzzification interface is to converts crisp inputs given by

user into fuzzy sets.
(ii) The Knowledge base consists of two parts: a rule base, and an inference engine.
(iii) The Inference engine performs the inference operations on the rules.
(iv) Finally, the defuzzification interface converts the fuzzy outputs provided by the

fuzzy expert system into a crisp output.

3. Implementation of Fuzzy Expert System for Diagnosis of Lung Cancer
This section discusses the process of implementation of the proposed fuzzy expert

system for the identification of deadly disease of lung cancer at the initial stage in the
patient. The system detects the stage of lung cancer based on the symptoms reported
by the patient. It is a deadly disease; therefore, precautions and a cure are necessary.
This technique is useful in the area of health care. We have defined linguistic variables
and calculated their membership function.
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3.1. Symptoms Of Lung Cancer In the design of this fuzzy expert system, we have
considered all the possible symptoms of lung cancer. The symptoms are as follows:
Cough, blood in the cough, difficulty in breathing, chest pain, loss of weight, and
other symptoms. FES uses fuzzy logic to map the given inputs (age and symptoms)
to an output (i.e., the possible stages) with which the patient is suffering. FESs use
membership functions, If-Then rules, and logical operators for making decisions.
The membership function has been established for both input and output variables
following the definition of the linguistic variables and their ranges. An input space
point’s mapping to a degree of membership between 0 and 1 is represented by a
membership function. Each membership function is associated with a linguistic
variable. In our system, we define membership functions for age, symptoms, and
stages of lung cancer. The membership function editor in Fuzzy Toolbox is used to
define the shapes of all membership functions associated with a linguistic variable.
Here is our Fuzzy Expert System as shown in Figure 2, which defines the membership
functions for input and output variables as follows:

Figure 2. Defining Variables

• INPUT VARIABLES
Membership functions for input variables are defined after consultation with the
doctor, shown in Table 1.
• OUTPUT VARIABLE
The output variable in the system is separated into four fuzzy sets, designated as
"Stage1," "Stage2," "Stage3," and "Stage4." Table 2 and Figure 3 illustrate the def-
inition of membership functions for the output variable

3.2. Fuzzy Rule Base Once we define the membership functions, we utilize a rule
editor to create rules within a fuzzy rule base. The rule viewer allows us to view
these rules easily. The "If-Then" rules establish these rules. The knowledge generated
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Table 1. Symptoms and their ranges

Symptoms Linguistic variables and their ranges Membership func-
tion

Age(in
Years)

Very
young
(≺ 30)

Young
(20–55)

Medium
(40–70)

Old
(≻ 65)

Cough Low
(≺ 20)

Medium
(14–54)

High
(45–85)

Very
High
(≻ 75)

Blood in
Cough

Low
(≺ 14)

Medium
(10–40)

High
(30–60)

Very
High
(≻ 55)

Difficulty in
Breathing

Low
(≺ 25)

Medium
(19–54)

High
(≻ 45)

–

Pain in
Chest

Low
(≺ 25)

Medium
(15–45)

High
(38–68)

very High
(≻ 62)

Loss in
Weight

Low
(≺ 3.5)

Medium
(2–9)

High
(6.5–
13.5)

very High
(≻ 11.5)

Other
Symptoms

Low
(≺ 3.5)

– High
(≻ 3.5)

–

Table 2. Range of Output Variables

Input Field Range Fuzzy Sets
STAGE ≺ 2 Stage1

1– 3 Stage2
2– 4 Stage3
≻ 3 Stage4

by the expert domain (doctors) determines the system’s quality, and fuzzy rules are
crucial in FESs. On the basis of information provided by doctors, rules and decisions
are made, and correspondingly output has been generated. All patient data, including
age, symptoms, and lung cancer stage, is stored in the knowledge base of this system.
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Figure 3. Membership Function for Output Variable (Stages of Lung Cancer)

A few of the rules are listed below:
1. If (age is very young) and (cough is low) and (blood in cough is low) and

(shortness of breath is low) and (chest pain is low) and (weight loss is low) and
(other symptoms are low), then (stage is stage1).

2. If (age is young) and (cough is low) and (blood in cough is low) and (shortness
of breath is low) and (chest pain is low) and (weight loss is low) and (other
symptoms are low), then (stage is stage1).

3. If (age is medium) and (cough is low) and (blood in cough is low) and (shortness
of breath is low) and (chest pain is low) and (weight loss is low) and (other
symptoms are low), then (stage is stage1)

4. If (age is old) and (cough is low) and (blood in cough is low) and (shortness
of breath is low) and (chest pain is low) and (weight loss is low) and (other
symptoms are low), then (stage is stage1).

5. If (age is very young) and (cough is medium) and (blood in cough is low) and
(shortness of breath is low) and (chest pain is low) and (weight loss is low) and
(other symptoms are low), then (stage is stage1).

6. If (age is old) and (cough is low) and (blood in cough is low) and (shortness of
breath is low) and (chest pain is medium) and (weight loss is low) and (other
symptoms are low), then (stage is stage1).

7. If (age is very young) and (cough is medium) and (blood in cough is medium)
and (shortness of breath is medium) and (chest pain is medium) and (weight loss
is medium) and (other symptoms are low), then (stage is stage2).

8. If (age is medium) and (cough is high) and (blood in cough is medium) and
(shortness of breath is medium) and (chest pain is medium) and (weight loss is
medium) and (other symptoms are high), then (stage is stage2).

9. If (age is old) and (cough is high) and (blood in cough is high) and (shortness
of breath is high) and (chest pain is medium) and (weight loss is medium) and
(other symptoms are high), then (stage is stage3).

10. If (age is very young) and (cough is high) and (blood in cough is high) and
(shortness of breath is high) and (chest pain is high) and (weight loss is high)
and (other symptoms are high), then (stage is stage4).

11. If (age is medium) and (cough is very high) and (blood in cough is very high)
and (shortness of breath is high) and (chest pain is very high) and (weight loss is
very high) and (other symptoms are high), then (stage is stage4).
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3.3. Defuzzification Our fuzzy expert system uses the Mamdani fuzzy toolbox of
MATLAB [22], where the output membership function is a fuzzy set. We need to
convert this fuzzy set into a crisp (classical) set. Therefore, we have applied centroid
methods of defuzzification, which take a fuzzy set as input and give a crisp set as
output of the system. Mathematically, it is defined as:

X∗ =

∫
µA(x) ∗ xdx∫
µA(x)dx

(3.1)

Where X∗ is the defuzzified output, x is the output variable i.e., centre of membership
function, and µA(x) is the aggregate membership function.

4. Experimental Result

For example, we consider a real patient (from Mandla District of Madhya Pradesh
State, India) who is suffering from lung cancer whose age = 52 year, and some of
the symptoms are seen as follows: cough = 60 days, coughing up blood = 45 days,
shortness of breath = 45 days, chest pain = 50 days, weight loss = 10 kg, and other
symptoms (here, headache) = 32 days. In this stage, the truth degree of the rules is
determined for each rule with the help of the minimum and then by the maximum
between the working rules.

For Young Age or Medium Age, High Cough, High Blood in cough, Medium
Shortness of breath, High Chest pain, High Weight loss, and High other symptoms,
the MFs will have forms such that:
µyoung(Age) = 0

20 +
0.07
21 +

0.13
22 + ... +

0
50

µMedium(Age) = 0
40 +

0.07
41 +

0.13
42 + ... +

0.67
50 + ... +

0
70

µHigh(Cough) = 0
45 +

0.05
46 +

0.1
47 + ... +

0.75
60 + ... +

0
85

µHigh(Coughingupblood) = 0
30 +

0.07
31 + ... +

1
45 + ... +

0
60

µMedium(S hortnesso f breath) = 0
19 +

0.06
20 +

0.12
21 + ... +

0.5
45 + ... +

0
54

µHigh(Chestpain) = 0
38 +

0.07
39 + ... +

0.8
50 + ... +

0
68

µHigh(Weightloss) = 0
6.5 +

0.14
7 + ... +

1
10 + ... +

0
13.5

µHigh(Othersymptoms) = 0
23 +

0.11
24 + ...+

1
32 + ...+

0
96 Based on the information provided

by patients, the following four rules are fired.

Rule (I) = min (Young Age, High Cough, High Blood in cough, High Shortness of
breath,Very High Chest pain, Very High Weight loss, High other symptoms).
= min (0, 0.75, 1, 0.48, 1, 1, 1)= 0

Rule (J) = min (Medium Age, High Cough, Very High Blood in cough, High Short-
ness of Breath, Very High Chest pain, Very High Weight loss, High other symp-
toms). = min (0.67, 0.75, 1, 0.48, 1, 1, 1) = 0.48

Rule (K) = min (Young Age, High Cough, Very High Blood in cough, Medium
Shortness of Breath, Very High Chest Pain, Very High Weight loss, High other
symptoms). = min (0, 0.75, 1, 0, 1, 1, 1) = 0
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Rule (L) = min (Young Age, High Cough, Very High Blood in cough, Medium
Shortness of Breath, Very High Chest Pain, Very High Weight loss, High other
symptoms). = min (0.6, 0.75, 1, 0, 1, 1, 1) = 0

Now, we will obtain the degree of membership of our system as max [Rule(I),
Rule(J), Rule (K), Rule (L)) = max (0, 0.48, 0, 0) = 0.48, which means output is stage
4 of lung cancer (according to the linguistic variable). The membership function for
Stage4 corresponds to two values 34 and 46, i.e.,

µStage4(S tage) =
{

0
30
+

0.4
34
+ ... +

0.4
46
+

0
50

}
Then we calculate the crisp output. The centroid approach (3.1) uses the formula to
determine the crisp value of the stages.

X∗ =
0.4 ∗ 34 + 0.4 ∗ 46

0.4 + 0.4
= 40

X∗ = 40%

As observed in Figure 3, the output variable stage has a value of 4, meaning that the
patient in concern has lung cancer, which is classified as stage 4 by the linguistic
variable.
Based on the preceding example, Table 3 presents the decision generated by the fuzzy
expert system and validates it using the patient’s clinical information, along with expert
consultation from Pulmonologist who reviewed each rule for clinical correctness and
relevance. The rules were refined through iterative feedback until full expert agreement
was achieved.

Table 3. Validation of the fuzzy expert system

patient Age Cough Blood
Cough

Diff.
Breathing

Chest
Pain

Weight
Loss

Other Stage

PT1 45 16 10 21 17 3.4 28 1
PT2 35 50 12 23 19 3 23 1
PT3 70 50 45 48 40 4 30 3
PT4 51 55 46 55 62 5.5 32 4
PT5 55 78 60 50 64 9 32 4
PT6 57 60 38 35 51 2 31 2
PT7 27 72 40 50 50 7 23 3
PT8 72 18 37 21 42 1 18 1
PT9 25 80 70 60 65 7 20 4
PT10 75 50 8 10 12 1 10 Nil
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4.1. Rule Viewer The rule viewer in Figure 4 represents the execution of the fuzzy
rule base process, and also represents the antecedent and consequent of the generated
rules, and understands the entire fuzzy rule base process. The ruler viewer is given
below:

Figure 4. Rule viewer for generated rules

4.2. Surface Viewer The surface viewer provides a three-dimensional curve that
illustrates the mapping of age to symptoms, symptoms to symptoms, and the stages
of lung cancer. A graph in Figure 5 is plotted with the help of rules that represent
the relationship among age, symptoms, and stages of lung cancer. The curve has two
inputs and one output. It illustrates the association between input and output variables.

5. Conclusion

In this work, a fuzzy expert system (FES) was designed for the stage-wise identi-
fication of lung cancer with an emphasis on Madhya Pradesh’s rural and tribal com-
munities, who have limited access to advanced diagnostic facilities and specialized
healthcare. For the implementation of our Fuzzy Expert System (FES), we have con-
sulted with the expert doctors of lung cancer in the Mandla District of Madhya Pradesh
state, India, and also taken the patient’s record. It has been found that the proposed
fuzzy expert system provides an accurate output, offers a low-cost solution, and serves
as a medical expert diagnosis system, even for common users, due to its straightfor-
ward and smooth implementation. In rural Madhya Pradesh, where diagnostic delays
are common due to travel distances, financial constraints, and a shortage of oncology
experts, this system can serve as an intelligent, affordable, and non-invasive decision-
support tool. This reduces the burden on tertiary hospitals while improving the chances
of early intervention.
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Figure 5. Surface Viewer

Future Scope

Future work aims to expand the dataset by collaborating with more regional health-
care centers and adding additional clinical parameters, such as basic imaging indica-
tors and biomarker trends. Adaptive or hybrid intelligent methods, like fuzzy-neural
systems or genetic optimization, might improve the fuzzy rule base. Moreover, the
proposed model could be adapted into a mobile decision-support tool for frontline
healthcare workers, allowing scalable and early detection of lung cancer in remote ar-
eas. Overall, this study marks an important step toward creating affordable, accessible,
and intelligent diagnostic solutions for rural India.
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