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The analysis of medical images in recent years in order to diagnose
types of cancer has attracted the attention of researchers. The present
research presents a comprehensive model, using the ability of belief
theory and deep learning to process pap smear images, for the
diagnosis of cervical cancer. In the aggregate classification model, the
combination of classification models and belief network is used. In this
method, it uses the belief network and Dempster's combination law to
combine observations to manage the uncertainty of cell types
classification. This model uses the proposed cumulative classification
model in order to manage uncertainty in similar unclassified samples.
This proposed method uses five classifiers including support vector
machine, K-nearest neighbor, decision tree, Naive Bayesian and fuzzy
classifier to classify samples and improve model performance. The
results of the implementation of the proposed model were analyzed
on two standard data sets. In the Sipakmed data set, this model was
superior to the existing methods in terms of accuracy with 98.93%,
and in the Herlev data set, it was superior to the existing methods with
a sensitivity of 98.83%, and the level under the ROC chart was 99.94%.
which is promising for early detection of this type of cancer.
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EXTENDED ABSTRACT

Introduction

Designing a high-performance CAD can be extremely helpful for doctors and technicians
in cell detection to prevent cancers. Cell detection from cell images is a challenging area in
artificial intelligence algorithms. Deep convolutional neural networks and deep learning
approaches have gained remarkable achievements in recent years. The main challenge is
to manage the uncertainty in the classification of cells. Since there are various sources of
uncertainty in the analysis of medical images, one of which is uncertainty in classification
algorithms, in this research, we decided to model this type of uncertainty.

Methodology

A new deep convolutional neural network applying the Dempster rule to handle the
uncertainty of cell classification is presented. In this new method of Deep Ensemble Belief
Network (EDBN), an ensemble method is added to the belief network to prevent object
rejection. The rejection of data is due to their low probability of being placed in different
classes. This means that the algorithm cannot detect the correct class, and in this regard, it
faces high uncertainty. The ensemble model retrieves the rejected sample.

The architecture of the model is presented in the below diagram.
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Figure 1. The architecture of the deep ensemble belief network (EDBN) model.

In this diagram, the input data is first entered into the system. In the belief network layer,
the feature maps are taken from the fully connected layer of the deep neural network. Then,
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their distance with a series of data representatives is measured by the Euclidean distance
function. The activation function was then applied to the next layer. The values obtained in
the next layer are combined by Dempster's combination rule. If the amount of disbelief in
each class is less than a threshold, this sample is classified by the ensemble classifier.
Otherwise, the answer of the belief network is considered as the output of the system.

Results and discussion

The proposed method was applied to two famous datasets: the Herlev dataset and the
SipakMed dataset. The results showed the superiority of the proposed model. The criteria
considered to evaluate the proposed model were accuracy, specificity, sensitivity and area
under the roc chart. The table below shows the results of the proposed method compared
with the basic method.

Table 1. Comparison of the proposed method with basic state-of-the-art methods.

Method Accuracy%  Specificity%  Sensitivity% AUC%

Pre-trained Google-Net 87.09 88.88 94.12 92.12
Pre-trained Res-Net50 89.07 88.07 93.01 94.24
Pre-trained Alex-Net 89.61 80.85 92.98 94.01
Google-Net with Belief network classifier 91.36 89.18 87.24 94.82
Res-Net50 with Belief network classifier 91.12 89.06 86.61 94.32
Alex-Net with Belief network classifier 91.11 87.72 97.26 94.78
Google-Net with DEBN 99.20 99.75 99.25 99.91
Res-Net50 with DEBN 99.20 99.25 98.51 99.99

Alex-Net with DEBN 98.80 99.78 99.25 99.97

As can be observed in the table, the proposed model with AlexNet provides the best
results. In addition, the proposed model was compared with the other state-of-the-art
models.

Table 2. Comparison of the proposed method with state-of-the-art methods on the Herlev database.

Method Accuracy%  Specificity%  Sensitivity% AUC%

Azur machine learning [17] 90.18 93.56 93.33 95.43
feature concatenation [47] 92.63 NP NP NP

Deep Pap [25] 98.30 98.30 98.20 99.80
EML [26] 97.96 NP 96.99 NP
Transfer learning (VGG19) with resizing [34] 85.15 88.22 87.24 NP
Transfer learning (Res-Net) with resizing [34] 93.14 92.81 94.56 NP
Transfer learning (Efficient-Net) with resizing [34] 93.03 94.27 94.31 NP
Bi-path Deep CNN [13] 91.00 91.00 87.00 NP
Deep-Cervix [38] 98.32 NP NP NP
DCAVN [39] 98.1 99.2 98.3 NP
Enhanced Deep Feature [40] 98.32 97.65 98.66 NP

DEBN classifier (this study) 99.20 99.75 99.25 99.91

The proposed DEBN outperformed the models reported in [17], [47], [25], [26], [34],
[13], [38], [39], and [40] in terms of accuracy, and improved sensitivity compared to [25],
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and [17] methods. In the case of specificity, the DCAVN model [39], has the highest rate. It
means that this model can detect normal cells more accurately. In the case of sensitivity, all
methods had acceptable abnormal cell detection of more than 99%. The proposed model
with 98.25% sensitivity has maximum sensitivity, meaning that modelling uncertainty in
the proposed DEBN model detects abnormal cells more efficiently. The DEBN model
outperformed the other classification methods in AUC.

Conclusion

The present research designed a CAD to detect Cervical Cancer from Pap smear cell
images. The main challenge was ambiguity in classification results which was handled with
the proposed method.

The proposed model manages uncertainty in classification results by applying the
Dempster rule in the classification layer of CNN and solving the rejection sample of the
Dempster rule by applying an ensemble classifier. The results were evaluated by an average
of 5-fold cross-validation and with the metrics of accuracy, specificity, sensitivity, and AUC.
The results of the EDBM are compatible with other state-of-the-art methods. Pre-trained
CNN methods (Google-Net, Res-Net and, Alex-Net) and the Belief network were applied to
Pap images for classification of the images and compared with the EDBM. The results
showed 99.20%, 99.75%, and 99.25%, in accuracy, specificity, and sensitivity in Herlev
dataset and 99.20%, 99.75%, and 99.25% in the SIPaKMeD dataset, respectively. The area
under the ROC curve in Herlev showed the superiority of the proposed method with
99.01%. This trend was repeated in SIPaKMeD with 99.01%. The EDBM showed better
results than the other methods by up to an average of 10% for each metric, particularly in
the Herlev dataset. moreover, the proposed model outperformed all state-of-the-art
methods in accuracy, specificity, sensitivity and AUC.
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