International Journal of Public Health Science (1IJPHS)
Vol. 12, No. 2, June 2023, pp. 673~681
ISSN: 2252-8806, DOI: 10.11591/ijphs.v12i2.22310 a 673

Detection and prediction of monkey pox disease by enhanced
convolutional neural network approach

Shaik Mazhar Hussain!, Syed Ghouse?

ICentre for Research and Consultancy, Department of Computing and Electronic Engineering,

Middle East College, Al Rusayl, Oman

2Department of Computer Science and Information Technology (CSIT), Jawaharlalnehru Technological University Hyderabad

(JNTUH), Hyderabad, India

Article Info

ABSTRACT

Article history:

Received Aug 4, 2022
Revised Feb 21, 2023
Accepted Mar 10, 2023

Keywords:

Accuracy
Enhanced convolutional neural
network model (E-CNN)

Monkeypox is an infectious viral disease affecting both humans and animals.
All symptoms are accompanied by a fever, swollen lymph nodes, and a rash
that blisters before crusting. The interval between exposure and the
development of symptoms is 5 to 21 days. Typically, symptoms last between
two and four weeks. Although it is unknown to what degree it can happen
without any signs. It has been found that not all outbreaks display the typical
symptoms of fever, aches in the muscles, enlarged glands, and lesions
appearing simultaneously. Cases may be severe, especially in children,
pregnant women, or people with compromised immune systems. The problem
can be detected and monitored at the early stages using some engineering
solutions. Therefore, there is a necessity to develop accurate machine learning
models for accurate interpretation before applying them in clinical trials.
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1. INTRODUCTION

Monkeypox had first been identified in 1958 as an outcome of two outbreaks of a condition resembling
the pox in colonies of monkeys held for research. Although the illness is known as "monkeypox," its origin is
still unknown. However, the virus has the potential to infect humans via African rodents and other animals
(such as monkeys). In 1970, there was the first known incidence of monkeypox in humans [1]. Monkeypox
cases have now been documented in several additional central and western African nations. Nearly all instances
of monkeypox in people outside of Africa prior to the 2022 pandemic were linked to either imported animals
or international travel to countries where the disease frequently occurs. Monkeypox is a rare condition caused
by infection with the monkeypox virus. The monkeypox virus is found in the orthopoxvirus genus and family
Poxviridae [2]- [6]. Monkeypox and chicken pox are unrelated. Early indications of monkeypox include
shivering, high fever, headache, muscular pains, and backaches (chills). exhaustion. Furthermore, the second
stage of symptoms, which includes the following, will appear within one to three days. Sometimes, people first
get a rash before experiencing additional symptoms. Others only experience a rash [7]. Animal-to-person
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transmission happens when the skin is injured, such as via bites or scratches, or when an infected animal's
blood, body fluids, or pox lesions are directly touched (sores). Initial observations of the peculiar characteristics
of any skin lesions present, as well as any past exposure history, are part of the process for diagnosing
monkeypox. Electron microscopy testing on skin lesions, however, is the only guaranteed technique to identify
the virus. Additionally, a polymerase chain reaction can be used to validate the monkeypox virus. It is presently
widely utilized in the diagnosis of COVID-19 patients. In numerous disciplines, safe, accurate, and quick
imaging solutions can be achieved using machine learning (ML), an emerging topic of artificial intelligence
(Al). These solutions have acquired widespread recognition as useful decision-making tools [8]-[13].

To date, the monkeypox outbreak has infected over 15,000 people in over 70 countries, including over
2,300 in the United States [14]. Priorities for monkeypox research will thus enable us to understand better about
the virus and what will work best to halt the outbreak. The priorities will also serve as a guide for the global
scientific community. The following are critical in addressing the problem of monkey pox disease: i) our
understanding of the transmission dynamics of monkeypox, epidemiology, and clinical features of the disease;
ii) novel approaches to testing monkeypox engineering solutions. hence, there is a necessity to develop ai
techniques for the prediction analysis of monkeypox; iii) country perspectives on research priorities and
opportunities.

We attempt to highlight state-of-the-art findings and investigate the performance metrics that have
been used to assess the performance of existing approaches [15], used a variety of segmentation techniques to
find skin problems such as chicken pox, candidiasis, cellulitis, and acne. A low-complexity convolutional
neural network (CNN) is presented to recognize skin conditions like chicken pox, psoriasis, melanoma, and
lupus [16], They demonstrate 71% accuracy in the detection of skin illness utilizing the existing visual
geometry group deep convolutional neural network (VGGNet). Their suggested solution, in contrast, achieves
the best outcomes by obtaining an accuracy of about 78% [17], 108 patients with COVID-19 and 86 patients
without it were included in a small dataset for the evaluation of ten different deep-learning models, and the
accuracy rate was 99%. Ahsan et al. [18]. Proposed a smartphone-based method for identifying skin diseases
using Mobile Net and reported a 94.4% success rate in identifying individuals with chicken pox symptoms.
Miranda and Felipe [19] created fuzzy logic computer-aided diagnostic (CAD) systems to identify breast
cancer. The technical contribution of the proposed work includes: i) developing an image dataset from the
images; ii) feature extraction, classification, and prediction of monkey pox disease by Enhanced CNN model.

2. RESEARCH METHOD

A convolutional neural network with 16 layers is called VGG-16. A ConvNet is another name for a
convolutional neural network, which is a type of artificial neural network. An input layer, an output layer, and
many hidden layers make up a convolutional neural network. The 13 convolutions, 5 max pooling, and 3 dense
layers make up this model. Because it includes 16 layers with learnable weight parameters, it is known as
VGG-16. A dataset of images depicting the monkeypox is used in this article. Our proposed work is mainly
focused on developing a mechanism to diagnose people infected with monkey pox disease by an enhanced
convolutional neural network model. Further, the proposed algorithm is compared with the existing
approaches. There are various sub-folders in the dataset, including ones for datasets with and without
augmentations. We employ enhanced photos in this work because DL models favor them and can more
accurately acquire important information from them. The performance metrics that are evaluated in this work
are accuracy, precision, recall, F1-score, sensitivity, and specificity. This section briefs the method used and
the parameters evaluated. In this paper, as an example, we try to design the existing approach called transfer
learning modified VGG-16 and enhanced CNN algorithm to predict monkeypox disease. In addition, the other
approaches will be evaluated accordingly. To train both the algorithms, we used normal skin and monkeypox
images. Figure 1 shows the main steps used in the proposed method and the data for the monkeypox image is
gathered from a variety of sources. To do this, the initial search is conducted using the Google search engine.

The following modules have been designed to implement the work: i) upload monkeypox dataset:
Using this module, we will upload the dataset to the application; ii) preprocess dataset: Using this module, we
will read all images and then resize images to equal size and then normalize image pixel values, and then split
the entire dataset into Train and Test, where the application user has 80% images for training and 20% for
testing. The 20% of test images will be applied to the trained model to calculate correct prediction accuracy;
iii) run VGG-16 Algorithm: Above processed 80% of images will be input to the VGG algorithm to train the
prediction model and this model will be applied don test images to calculate prediction accuracy; iv) run
Enhanced CNN Algorithm: Above processed 80% of images will be input to the Enhanced CNN algorithm to
train the prediction model and this model will be applied don test images to calculate prediction accuracy; v)
Comparison Graph: Using this module we will plot comparison graph between VGG and Enhanced CNN
algorithms. The evaluation of the other three algorithms will be shown in the Table 1; vi) prediction of disease

Int J Public Health Sci, Vol. 12, No. 2, June 2023: 673-681



Int J Public Health Sci ISSN: 2252-8806 a 675

from the test image: Using this module we will upload a test image and then Enhanced CNN will predict
weather the image is normal or contains Monkeypox disease. Table 1 gives the comparision of VGG-16 model,
ResNet50, InceptionV3, Ensemble, Modified VGG-16, and Enhanced Convolutional Neural Network Model
in terms of accuracy, precision, recall, and F1-score.

Monkeypox Images and Skin Images

ResNet50
Incention V3 Accuracy
L = . Performance metrics Precision
Detection and i . $
Classification evaluation Recall
Dataset Images VGG.16 Fl-Score
Q Modified VGG-16
Enhance CNN model
Input Model Output

Figure 1. Steps followed in our proposed work

Table 1. Comparision of the performance metrics for the existing approaches and enhanced convolutional
neural network model

Algorithms Accuracy Precision Recall F1-Score
Modified VGG-16 [20], [21] 98.24561403508771  98.22967980295567 98.27426810477658  98.24439824439824
ResNet50 [22] 82.96 87 83 84
InceptionV3 [22] 74.07 74 81 78
Ensemble [22] 79.26 84 79 81
VGG16 [21] 81.48 85 81 83
Enhanced CNN Model 99.12280701754386  99.10714285714286  99.15254237288136  99.12219912219912

3. RESULTS AND DISCUSSION

In this section, we discuss the comparative analysis of VGG-16 model, ResNet50, InceptionV3,
Ensemble, Modified VGG-16 with our proposed approach. We evaluated the performance of the selected pre-
trained models. The obtained results are summarized in Table 1. While ResNet50 yields the best accuracy
82.96%, VGG16 shows competitive performance 81.48%. We also use majority voting to implement an
ensemble of the three models. The ensemble model did not outperform the best performing ResNet50 model.
However, the ensemble system has the lowest accuracy metric standard deviation, indicating that its
performance is more consistent across the three folds. Further evaluation is carried out using the most recent
existing approach known as the modified VGG-16 model. The proposed enhanced CNN model was used to
analyze all the previous approaches. To demonstrate the superiority of our proposed method, it is compared to
the existing VGG-16 model, ResNet50, InceptionVV3, Ensemble, Modified VGG-16. The algorithms'
performance is analyzed and evaluated using the following metrics: accuracy, precision, recall, F score,
Specificity, and Sensitivity. Specificity and sensitivity are important metrics in medical imaging for assessing
classifier completeness.

3.1. Experimental Setup

The experimental setup and library packages are shown in Table 2 [23]-[30].The overall experiment
was repeated five times, and the result was obtained by averaging the five computational outcomes. Figures
shown below are the steps to analyse the performance of VGG-16 and Enhanced CNN model. Figure 2 shown
is the Double-click the "run.bat" file to launch the project. To upload the dataset, select the "Upload Monkeypox
Dataset" button on the screen. After loading the dataset, choose "Preprocess Dataset" to read and process all
the photos as shown in Figure 3.
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Table 2. Computer system specifications for the proposed work
Computer Specifications
Dell Latitude E5450  System requirement:
Minimum size of Random Access Memory (RAM) is 4 gigabytes, 64-bit OS windows, python 3.7.0\

Library packages:

pip install pandas ==0.25.3

pip install matplotlib ==3.1.1

pip install numpy ==1.19.2

pip install scikit-learn ==0.22.2. post1

pip install nltk ==3.4.5

Processor:

Intel(R) Core (TM) i5-5200U CPU @ 2.20GHz 2.19 GHz

§ Monkeypox Detection using Medificd VGG16 & Custorm CNN Modsl - 8 X

Q) Type here to search

Figure 2. Upload monkeypox dataset

& Monkeypox Detection using Modified VGG16 & Custom CNN Model =} x

E:/VithalJuly22/Monkeypox/Dataset loaded

© Type here to search

Figure 3. Preprocess dataset

Figure 4 shows the dataset is loaded and now click on the ‘Preprocess Dataset’ button to read all
images and then processed them. We can see all images read and then processed and we can see the dataset
contains a total of 1139 images and applications using 911 (80%) images for training and 228 (20%) images
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for testing and to check all images are processed properly. Here, one sample image is displayed now close that
image and then click on the ‘Run VGG16 Algorithm’ button to train VGG.

Dataset preprocessing and image normalization process completed
Total images found in dataset : 1139

Dataset train and test split

30% images used to train VGG & CINN algorithm : 811

20%% images used to test VGG & CINN algorithm : 228

Figure 4. Run VGG16 algorithm

3.2.2. Comparision of exisiting modifed VGG 16 model and enhanced convolutional neural network model.

A comparison of the accuracy, precision, recall, F-score, sensitivity, and specificity for the VGG model
and Proposed model is shown in Table 1. The results obtained in Table 1 clearly show the superiority of the
proposed algorithm as compared to the existing approach. To train both algorithms, we used normal skin images
and monkeypox images. The results show that the proposed CNN model is superior, with a 99.12% accuracy,
99.10% precision, 99.15% recall, 99.12% F-score, improvement in sensitivity to about 99.21%, and specificity to
about 99.18%. Figure 5 shows the modified VGG16 Confusion matrix where we have achieved 98.24% accuracy
and we can see other metric values also. In the confusion matrix graph, the x-axis represents predicted classes,
and the y-axis represents true classes we can predict in matching row and column name is correct and un-matched
rows and columns names are incorrect prediction in the above graph we can see VGG16 predicted 1 and 3 (total
4 images) incorrectly and now ‘Run Enhanced CNN Algorithm’ button to train.

§ Monkeypox Detction using Modified VG615 & Custom CNN Model

Modified VGG16 Confusion matrix

Modified VGG16 AUC 8.27426810477658

98.27426810477658
Modified VGG16 FScore :98.24430824439824

Monkeypox

True class

Uploat Monkeypox Datset

\
Normal Monkeypox

Predicted class
/€[> +Ql=| @

Fll O 1ype here to search

Figure 5. Modified VGG16 confusion matrix
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Figure 6 shows the Enhanced CNN Confusion matrix. Clearle, we have achieved 99.12% accuracy.
In the confusion matrix graph, we can see only two images are incorrectly predicted now close the above
graph and then click on the ‘Comparison Graph’ button.

# Monkeypox Detection using Modified VGG 16 & Custom CNN Model

Modified VGG16 AUC : 98.27426810477658
Modified VGG16 Accuracy : 98.24561403508771
Modified VGG16 Precision : 98.22967980295567
Modified VGG16 Recall : 98.27426810477658
Modified VGG16 FScore : 98.24439824439824

Custom CNN AUC : 99.15254237288136
Custom CNN Accuracy : 99.12280701754386
Custom CNN Precision : 99.10714285714286
Custom CNN Recall :99.15254237288136
Custom CNN FScore :99.12219912219912

Upload Monkeypox Dataset Preprocess Dataset
Run Custom CNN Algorithm Comparison Graph

O Type here to search

%) Figure 1

True class

Monkeypox

Normal

Custom CNN Confusion matrix

I
Normal Monkeypox

Predicted class

#/ €2 #Q/= Bl

"'iaﬂﬂ‘ 9 |

Figure 6. Enhanced CNN confusion matrix

Figure 7 shows the tabular format and graph format. We can see the result of both algorithms and now
go back to the main application and then click on the ‘Predict Disease from Test Image’ button to upload the
test image and get the below output. Hence, Figures 8 and 9 classify the detection of monkey pox.

Custom CMNIN
Alrorithms

Prerfonmans e omps

Figure 7. Performance output

MModified VGG 16
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Upload Monkeypox Dataset Run VGG16 Algorithm
Run Custom CNN Algorithm Comparison Graph Predict Disease from Test Image

O Type here to search

Upload Monkeypox Dataset Preprocess Dataset Run VGG16 Algorithm
Run Custom CNN Algorithm Comparison Graph Predict Disease from Test Image

- OTypeheretosearch £ . 8 & o m - b " vA ™

Figure 9. Normal detection

4. CONCLUSION

The article's objective is to address ongoing concerns about the monkeypox virus. In this study, we
proposed an improved CNN model to classify monkeypox disease and compared it to state-of-the-art deep
learning architectures using the transfer learning approaches (VGG-16, ResNet50, InceptionV3, modified
VGG-16 model). Further, the performance of the proposed model is evaluated to check its ability to distinguish
patients with and without monkeypox disease. The results have shown a greater improvement in the
performance metrics for predicting monkeypox. Future work can be extended by upgrading the dataset by
regularly gathering new images of monkeypox-infected patients.
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