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Results. The algorithm in the ensemble classification was able to achieve accuracy of
99.9% with a processing time of 0.028 second in the two-class classification and accuracy
of 76.5% with a processing time of 0.033 second in the seven-class classification.

Conclusion. Based on the results, the designed algorithm can be used as a computer
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cancer.
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women. Early diagnosis of the disease can save various costs and prevent the patients’
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method for automatic classification of cervical cells and improving the accuracy of

diagnosis.
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Extended Abstract

Background

Cervical cancer is one of the main reasons of
cancer death among women. It begins in superficial
cells and over time can invade deeper tissues and

surrounding tissues. The complexity and progression
of cervical cancer can be limited if it is diagnosed and
treated in early stages. Papanicolaou test or Pap-
smear is a microscopic screening technique widely
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used to prevent cervical cancer by finding cells that
have the potential to become cancerous.

In recent vyears, integration of medical image
processing and intelligent systems play an important
role in automatic detection and diagnosis of diseases
such as cancer. This paper presents a creative idea of
using an ensemble classification algorithm that
improves the predictive performance of an artificial
intelligence system based on cervical cancer
screening. Accordingly, this study aimed to classify
Pap-smear images by different machine learning
methods to achieve high accuracy detection and
reduce the diagnostic time.

Methods
This study was performed on 917 Pap-smear images
from the Herlev public database. These images in the
database are classified into seven classes by seven
pathologists and include 242 normal and 675
abnormal samples. In the pre-processing stage, the
size of the Pap-smear images was equalized, then
feature extraction was done on the samples. The
extracted features included geometric and texture-
statistical features. Geometric features included
distinct geometric characteristics, such as perimeter,
area, eccentricity, elongation, roundness,
compactness, and morphologic characteristics of
different parts of the cells. Texture-statistical features
included first-order statistical features such as Gray
Level Co-Occurrence Matrix (GLCM) and Local
Binary Pattern (LBP). In the feature extraction stage,
20 geometric features and 76 texture features were
extracted. In order to diagnose and determine the
level of the disease, bagging method of ensemble
classification was used to classify the samples based
on the extracted features. Bagging, also known as
bootstrap aggregating, is the aggregation of multiple
Each

individually and combined using an averaging

classifiers. classifier model 1is trained
process. The primary focus of bagging classifier
model is to achieve less variance than any classifier
has individually. In fact, each classifier builds their
own model on the data and stores this model. For

the final classification, a vote is held among these

classifications, and the class that gets the most votes
is considered as the final class. The bagging

technique reduces over-fitting of model and
performs well on data with high-dimensional
features. After that, using ensemble classification
method, the images are classified into two categories
(normal and abnormal) and then seven categories
(i.e., superficial epithelial, intermediate epithelial,

columnar epithelial, mild dysplasia, moderate
dysplasia, severe dysplasia and carcinoma) and the

performance of the proposed method is evaluated.

Results

To evaluate the performance of the proposed
algorithm in the Pap-smear dataset images, accuracy
is used to compare and demonstrate the results.
Also, to better evaluate the classification results, we
used 10-fold cross-validation and repeated the
experiment 20 times. We compared our
classification results with a range of prevalent
classifiers, such as k-nearest neighbors (KNN),
support vector machine (SVM), and decision tree
(DT). The algorithm in the ensemble classification
was able to achieve accuracy of 99.9% with a
processing time of 0.028 second in the two-class
classification and accuracy of 76.5% with a
processing time of 0.033 second in the seven-class
classification. Classification results demonstrated
that ensemble classification yielded the best
performance compared to other classification
methods. Also, smaller standard deviations of the
ensemble classification demonstrated the robustness
and greater stability of ensemble against other
classifications. It can be concluded that the ensemble
classification method was able to achieve appropriate
and significant results and its performance is
remarkable compared to the deep learning methods,
the results of which have been published in Herlev
public database. Therefore, in addition to better
performance in classification, the proposed method
has less computation cost. Accordingly, the ensemble
method is also an efficient method in terms of time,
because it is affordable compared to other expensive
methods due to the low computational cost and
provides acceptable results. Therefore, the proposed
method, in addition to increasing the accuracy and
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precision of the diagnosis, saves time and reduces the
physician’s fatigue, and is considered a powerful
method for detecting precancerous cells.

Conclusion

Cervical cancer is one of the most common
cancers among women. Early diagnosis of the disease
can save various costs and prevent the patients’

frequent visits to medical centers. This research
proposed an artificial intelligence method for
automatic cervical cell images classification. Based
on the results, the designed algorithm can be used as
a computer aided diagnostic tool to increase the
accuracy and speed of predicting the risk of cervical
cancer. In other words, the proposed method can be
used as a second objective opinion for pathologists.
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