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Abstract 
There are a number of cancer diseases which attack 
different organs of a human body. More or less all 
types of cancers are fatal in nature. For women, 
cervical cancer appears as a very painful, suffering 
and life threatening disease. Early detection is the 
key way to reduce its fatal and painful effects. 
There are many methods available in health care 
industries to diagnose   cervical cancer. The doctors 
or medical professionals are the ones who perform 
the analysis of findings from medical reports and 
determine their course of actions. Traditional 
medical examinations and treatment of diseases 
have been changed to some extent with  the advent 
of computer science and technologies. Medical 
services adopt various tools and techniques for 
sophistication and perfection of treatment processes. 
Artificial intelligence and machine learning 
nowadays are in high choice for pattern recognition 
and disease analysis. It is proved to be very 
effective and useful in identification of diseases 
analyzing relevant data. This study presents a hybrid 
model using cytology target variable applying a 
combination of machine learning algorithms namely 
Extreme Gradient Boosting (XGB), Synthetic 
Minority Over sampling Technique (SMOTE) and 
Chi-Square statistical method. The model proceeds 
with fold by fold approach. Many researchers have 
already worked with this field using machine 
learning and many of them represented very good 
models. The proposed study works with efficient 

selection of features needed for classification 
purposes and after running the sophisticated 
algorithms the study succeeds to present higher 
accuracy and better performances. 
 
Keywords:Cervical Cancer, Ensemble Learning, 
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I.INTRODUCTION 

Cervical cancer is spreading across the world at an 
alarming rate. Unhealthy life style is considered as 
one of the risk factors for developing this disease in 
human body. It develops at the point of intersection 
of squamous and columnar epitheliums of the 
ectocervix. It invades the cervical stroma directly 
and manifests as either an endo-cervical tumour 
that grows the cervix or an exophytic tumour that 
protrudes through vagina. The spread extends 
inferiorly to the vagina, superiorly into the lower 
uterine segment, laterally into the wide and 
uterosacral ligaments and pelvic sidewalls from the 
Para cervical regions. Human papilloma virus 
(HPV) is identified as the main carrier of this 
dreaded disease. Other causing factors include 
Sexually Transmitted Infections  

 
(STIs), Excessive intake of   oral contraceptives, 
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frequent smoking, parity and malnutrition. An 
anatomical picture has been given below to locate 
the position of the disease. The spread extends 
inferiorly to the vagina, superiorly into the lower 
uterine segment, laterally into the wide and 
uterosacral ligaments and pelvic sidewalls from the 
Para cervical regions. Human papilloma virus 
(HPV) is identified as the main carrier of this 
dreaded disease. Other causing factors include 
Sexually Transmitted Infections (STIs), Excessive 
intake of   oral contraceptives, frequent smoking, 
parity and malnutrition. An anatomical picture has 
been given below to locate the position of the 
disease. A thorough analytical study is very 
important to ensure the existence or non-existence 
of Human papilloma virus HPV [1] .The disease 
must be identified as early as possible in order to 
get control over it. The abnormal marks or lesion in 
the surrounding area like Cervical Intraepithelial 
Neoplasia (CIN) should be screened carefully [2]. 
Traditional medical science and its practices have 
some draw backs and modern science and 
technology can help addressing the issues to reduce 
the shortcomings and gift better results [3]. 
Efficient derivation of data is essential for 
conducting research and developing models for 
diagnosis and providing necessary clinical care of 
patients. There are many biological variables for 
diagnosing cervical cancer like Biopsy, Schiller 
tests, cytology and Hinselmann tests. The proposed 
study uses cytology as the target variable for the 
experiments. Conventionally physicians are the ones 
who study the reports and findings and determine 
the courses of actions. Cytology is one of the means 
of analysis of cervical cells from a Pap smear under 
microscopes. Applications of machine learning in 
healthcare have been dominating remarkably over 
the past few years, particularly in search of better 
illness detection and treatment approaches. The ML 
algorithms are useful tools in the health care   because 
they can analyze larger datasets and uncover 
hidden insights that may be suggestive of diseases 
that are challenging for us to discover. Traditional 
ML approaches often rely on a single algorithm 
which may not effectively handle the diverse and 
complex nature of medical data.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig1.Illustration of female reproductive system with cervical 
cancer [12]. 

An ensemble model combines multiple algorithms 
to take advantage of the strengths of each while 
compensating for their weaknesses. 
 

 
 
Fig 2. . Diagrammatic representation of retrieval of data for 
experimental research 
 
 

 
 

 

 

 

 

 

 

II. LITERATURE SURVEY 

The process of diagnosing a disease is crucial. The 
error free detection is a very difficult and 
challenging task for physicians and other medical 
professionals. The most important aspect of 
diagnosis is correct acquisition and evaluation of 
patient’s clinical data. Having insights from those 
data, medical experts make their decisions about 
the disease and actions. There are situations where 
inaccuracies and unintentional biases occur and 
take lot of time to diagnose the condition 
accurately. Machine learning (ML) techniques have 
consequently gained popularity as a tool for 
medical professionals and researchers. These as 
well. The majority of potential medical faults can 
be avoided by employing classification algorithms 
through analysing relevant medical data. Machine 
learning algorithms help solving some flaws in 
detection of diseases. (Sharma, V et.al) 
implemented an automated cervical cancer 
detection framework[6].(Mohamed K Nour et.al) 
present a model using images of pap smear 
[7].Another study proposes  an ensemble 
automated prediction system for cervical cancer 
.The study utilizes block chain smart contracts. The 
research records a noteworthy improvement in 
prediction test accuracy [8].A study introduces 
InceptionV3, Resnet-152, Alex net and Resnet-10 
for selection of features in order to leverage  neural 
network models [9].A research focuses on 
concatenation of ensemble and deep feature 
selection technique for developing an automated 
model for identification of this disease[10]. The 
global strategy of World health Organization 
(WHO) has already taken up to eliminate this 
disease in the decades to come[11]. 
 
III.PROPOSED METODOLOGY 
 
Traditional cervical cancer diagnosis methods are 
prone to errors, expensive and time consuming.  
Machine Learning techniques may help in 
improving the effectiveness of     cancer diagnosis. 
There are a number of models developed by many 
researches which are working satisfactorily. But 
accuracy of predictions needs to be increased to 
minimize the scope of approximation in the 
diagnosis process. In this context, the study is in 
search of higher accuracy and robustness in 
predictions of cervical cancers 

A. DATASET DESCRIPTION 

The dataset for experimental work is acquired from 
a renounced publicly accessible data repository 
named UCI Machine Learning repository [13]. The 
medical dataset consists of medical records of 858 

patients having 36 features with 4 target variables. 
The study considers only one target variable that is 
cytology for experimental work. 
 
B.PRE-PROCESSING 
Experimental setup 
The study uses a computer system having  
Hardware configuration of  processor i5, frequency 
2.4GHz, 8 GB of RAM and 1 TB of HDD. 
System Software: MS Windows 10 operating 
systems  
Application Software:  Python programming 
language, Version 3.12.6 
 
The cervical cancer diagnosis datasets available 
have imbalanced target categories where the 
number of benign (non-cancerous) diagnosis cases 
is not equal to the number of malignant (cancerous) 
diagnosis cases  
Steps 
Pre-processing of the data involves the following 
key steps: 
Data Cleaning: Removal of incomplete or incorrect 
entries. 
Normalization: Standardizing the range of 
continuous feature values to ensure equal treatment 
during model training. 
Encoding Categorical Data: Transforming 
categorical variables into a form that could be 
provided to ML models. 
 
Data Augmentation  
The study applies SMOTE (Synthetic Minority 
Over-sampling Technique) in order to rectify the 
imbalance of the classes within the dataset. 
 
C. FEATURE SELECTION  
 
For the cervical cancer dataset operations, the 
following steps are executed. 
1. Checking each feature for all types of data 
2. Checking and handling missing values 
3. Oversampling the dataset using SMOTE  
4. Selection of best attributes using 𝜒𝜒2 test for 
cytology target variable. 
Once the dataset are processed, predictors and 
target variables are defined as X and Y 
(Cytology).The dataset is split with 75% of it for 
training and 25% of it for testing. After splitting the 
dataset, ML algorithms are implemented for the 
prediction of the diagnosis outcomes of the target 
variable. 
 
D. CLASSIFICATION 
Algorithms  
The study applies following algorithms for feature 
selection and classification. 
1. XGB classifier 
2. SMOTE over sampling technique 
3. Chi-square test 
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Extreme Gradient Boosting (XGB) 
 
Extreme Gradient Boosting (XGB), popularly 
known as sophisticated algorithms in its field. 
Basically it follows the working principle of 
decision trees and ensemble in nature. It uses the 
boosting techniques to enhance its performances 
 
Synthetic Minority Oversampling Technique 
(SMOTE)  
This oversampling technique yields some synthetic 
samples especially for the classes of minority in the 
dtaset.The technique influences by producing new 
instances in the feature space  and resolves the over 
fitting issue. 
S=𝐶𝐶�+w(𝐶𝐶��-𝐶𝐶�)                                 (1) 
Where S is the new synthetic samples being 
generated. 
𝐶𝐶� is a minority class sample selected randomly 
𝐶𝐶�� is one of the k-nearest neighbours of 𝐶𝐶� 
w denotes a random number between 0 and 
1.Typically drawn from a uniform distribution  
{w~ U(0,1)} 
 
Grid Search and K-fold Cross-Validation  
 
Cross-validation is carried out with Grid Search 
together While training, the model, cross-validation 
is used for efficiency .The working     dataset is 
divided into test set and training set. It is an 
iterative process that divides the train data into k 
number of partitions. Here k=15 
 

 
 
Fig 3. A pictorial representation of K-fold cross validation 
process 
 
Chi-square test 
 
Statistical tests can be employed to select features 
that have the strongest relationship with the target 
variable. One of the popular and powerful methods 
is 𝑋𝑋�(Chi-squared) test. The 𝜒𝜒2 is given by the 
equation 
 

   𝜒𝜒2=�
(�����)

�

��

�

���

                       (2) 

Where 𝐸𝐸𝑖𝑖 is the number of expected observations, 
𝐴𝐴𝑖𝑖 is the number of observations in a class. 
 
IV. EXPERIMENTAL RESULTS 
 

A.  Performance Analysis 
 
After executing a number of steps, the formation of 
data after having SMOTE operations furnished 
below. 
Table1. Cytology target oversampling results 

 
Table 1 shows the results obtained from resampling 
the Cytology test target using SMOTE technique 
and it is seen that the minority class which in this 
case is malignant class oversampled to almost 
equal the benign class for SMOTE 
From all the features available in the working 
dataset, after elimination, the study considers 10 
best relevant and significant features as per score 
obtained from Chi-square test. The features 
obtained from implementing the results for cytology 
target using SMOTE, 𝜒𝜒2 test, XGB and GSCV  

 

 
 
Figure 4. Graphical representation of experimental results 
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Class               Before over sampling      SMOTE 

  
Benign                           814                          814                                                            
 
Malignant                        44                           814                             

 
Total                               858                          1628                                                  

 Method -SMOTE- XGB-GSCV             NOF                                     

Accuracy                           95.27%  
Specificity                          94.26%                                         
F1-score                             92.22%                 15            
Precision                             94.46%                                     
Recall                                  91.51 %                                       

  
 

B. Metrics for evaluation 
 

To see how machine learning algorithms are 
performing, certain parameters are used to evaluate 
the performances of the algorithms. These 
evaluation metrics help picking the best algorithm 
for Cervical Cancer. The following evaluation 
metrics are  
 
1. F1 score 
2. Confusion Matrix 
3. Accuracy 
4. Sensitivity 
5. Specificity  
 

C. Discussion 
 
For determining cervical cancer, using cytology 
dataset, the experimental results show the 
combination of SMOTE-Chi-square- GSCV-XGB 
algorithms work fine and yields better 
performances. SMOTE helps to solve the problem 
of imbalance and balances the feature space. Chi-
square test helps choosing the most relevant 
categorical attributes for a particular target. XGB 
(eXtreme Gradient Boosting) is a top-tier ML 
algorithm works by combining weak prediction 
models into a strong model. A number of decision 
trees can be weighted and aggregated through this 
algorithm.. 
 
V.  CONCLUSION 
 
The study works with a publicly accessible medical 
data set for researches on cervical cancer and after 
pre-processing and processing the experiments 
down size the dimension of features for running 
classification algorithms. It is found from the 
experimental results that extreme gradient boosting 
algorithms (XGB) works better and maintains 
consistency with higher accuracy. 
 
Contributions of the proposed Research 
 
As the research is a continuous and on-going 
process, researchers always try to find out better 
results. In the proposed study, multiple individual 
ML learners and feature selection techniques are 
deployed in order to synthesize an ensemble learner 
aiming to earn higher accuracy and more 
appropriateness in the process of medical 
diagnostics for the patients of cervical cancer. 
 
Future scope of the study 
 
This study can be extended to larger and complex 
datasets. For feature selection, more effective 
algorithms can be chosen for implementation. The 
study deals with numerical data, other types of data 
like image based radiological data can be used for 

experimental purposes in order to get higher 
accuracy. Experiments can be tested with other 
algorithms as well. 
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