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Abstract. Pneumonia caused by the novel Coronavirus Disease (COVID-19) is
emerged as a global threat and considerably affected a large population globally
irrespective of their age, race, and gender. Due to its rapidity and the infection
rate, the World Health Organization (WHO) declared this disease as a pandemic.
The proposed research work aims to develop an automated COVID-19 lesion
segmentation system using the Convolutional Neural Network (CNN) architec-
ture called the U-Net. The traditional U-Net scheme is employed to examine the
COVID-19 infection present in the lung CT images. This scheme is implemented
on the benchmark COVID-19 images existing in the literature (300 images) and
the segmentation performance of the U-Net is confirmed by computing the essen-
tial performance measures using a relative assessment among the extracted lesion
and the Ground-Truth (GT). The overall result attained with the proposed study
confirms that, the U-Net scheme helps to get the better values for the perfor-
mance values, such as Jaccard (>86%), Dice (>92%) and segmentation accuracy
(>95%).
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1 Introduction

Assessment of the disease in vital internal organ is very crucial and to assess the dis-
ease, considerable methodologies are followed including the bio-signal assisted pro-
cedures and bio-image assisted technique. The information existing in the bio-image
based methodology is large compared to the signal based technique; and hence most
of the diseases in the internal organs are widely assessed using the bio-image based
methodologies. Due to its significance, a considerable number of bio-image modalities
are developed and utilized to assess the disease in vital internal organs [1-3].

Lung is one of the vital internal organ; responsible to exchange the air between the
atmosphere and other body sections. The disease in lung will severely affect the air
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exchange and this may cause very complicated situation, including the death. The abnor-
mality in lung arises in various situations and pneumonia is one of the major causes of the
lung abnormality and may cause very severe heath problem among the children (age <
5 years) and elderly people (age > 65 years). In humans, the pneumonia is caused due to
a variety of reasons ranging from the climatic conditions to the virus/bacterium [4]. From
the recent literature, it can be noted that, the infection due to COVID-19 causes a severe
pneumonia in elderly people and the unrecognized and untreated COVID-19 will lead to
death [5, 6].

From the literature, it can be noted that the COVID-19 infection is discovered only
in December 2019, in China and due to the outbreak, the infection reached and affected
almost all humans in the globe [7]. Even though a considerable number of precautionary
measures are followed, the infection rate and the death rates are gradually rising till
the date. The pneumonia due to the COVID-19 is discovered with; (i) RT-PCR test and
(i1) Lung image assisted detection procedures [8—10]. The RT-PCR is a clinical trial, in
which the samples collected from the infected patient is evaluated and confirmed with
the possibility of the COVID-19 infection. When the RT-PCR test result is positive, then
the patient is allowed to undergo the bio-medical imaging procedure using the imaging
modality; Chest Radiograph (X-Ray) or the lung CT. From the earlier literature, it can
be noted that, the assessment of the COVID-19 lesion with the lung CT is quite straight
forward compared to the chest X-Ray [11, 12]. Hence, in most of the research works,
the assessment of the lung CT is widely adopted compared to the chest X-Ray.

Due to its clinical significance, a considerable number of lung CT image examina-
tions is proposed and implemented in the literature to detect the COVID-19 infection
using the two-dimensional (2D) image slice of the chosen dimension. Every approach is
implemented either a segmentation technique or a classification technique with the help
of a chosen image examination technique. In the proposed research work, the examina-
tion of the COVID-19 lesion is assessed using the lung CT scan slices of the benchmark
image dataset using a chosen segmentation technique.

In the proposed work, the COVID-19 infection is assessed using the lung CT images
with the help of the Convolutional Neural Network (CNN) and the well-known CNN
based segmentation technique called the U-Net is then employed to extract and evaluate
the pneumonia infection from the chosen lung CT scan slices. The methodology imple-
mented in the proposed work is as follows; (i) Collection of the 3D lung CT from the
benchmark dataset, (ii) 3D to 2D conversion and resizing the 2D slices into images with
dimension 572 x 572 x 1 pixels, (iii) Implementation of the pre-trained U-Net archi-
tecture to extract the COVID-19 lesion, and (iv) Executing a comparative assessment
among the extracted lung lesion and the GT and computing the performance measures
to validate the performance of the U-Net scheme.

In the proposed work, 300 numbers of images are collected from the benchmark
datasets [13, 14] available for the research purpose and the essential performance mea-
sures are computed to confirm the superiority of the proposed technique. The proposed
technique is implemented using the MATLAB software and the segmentation binary
image is then considered to confirm the superiority of the proposed technique based on
the computed values of the Jaccard, Dice and segmentation Accuracy. The experimental
result with the proposed research confirms that, proposed technique helped to achieve
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a better result on the considered lung CT images and extracts the COVID-19 infection
with better segmentation accuracy.
The main contribution of the research work includes:

e Implementing U-Net to segment the COVID-19 lesion
e Considering the clinical-grade lung CT images for the experimental investigation
e Improved overall accuracy (>96%) is achieved

The remaining section of this paper is arranged as follows; Sect. 2 presents the
context, Sect. 3 discusses the methodology implemented and Sect. 4 and 5 shows the
results of the proposed work and the conclusion respectively.

2 Context

In recent days, due to its clinical importance, a number of lungs CT based COVID-19
evaluation proposals are discussed by the researchers with (i) Segmentation methods,
(i1) Machine-Learning (ML) techniques and (iii) Deep-Learning (DL) approaches. The
earlier works also substantiate that the lung CT assisted evaluation will offer a better
diagnosis compared to the chest X-ray. Table 1 summarizes few earlier research works
implemented with the lung CT to detect the COVID-19 lesion.

Table 1. Summary of COVID-19 infection assessment with lung CT scan slices

Reference Implemented assessment technique

Ahujaetal. [8] This research implemented a detailed comparative studies on well
known DL schemes to examine the COVID-19 lesion using lung CT
images. The proposed ResNet18 helped to attain a better classification
accuracy (>98%) on the considered image dataset

Dey etal. [9] This work proposed a ML scheme by combining the morphological
segmentation and classification methods. In this work, the
implemented segmentation offered an accuracy of >91% and the
K-Nearest Neighbor (KNN) classifier helped to achieve a
classification accuracy of >87%

Rajinikanth et al. [10] | Implementation of Otsu’s thresholding based enhancement and
watershed based segmentation is executed on the benchmark lung CT
images and this work helped to propose a methodology to identify the
COVID-19 infection rate

Kadry etal. [11] This work implemented a ML scheme to examine the COVID-19
infection using the lung CT images and the Support Vector Machine
(SVM) classifier helped to get a classification accuracy of >89%

Fanetal. [12] This work proposed a novel segmentation scheme called the Inf-Net to
segment the COVID-19 lesion from the lung CT images and achieved
better segmentation accuracy on the considered images

(continued)
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Table 1. (continued)

Reference Implemented assessment technique

Ardakani et al. [15] Development of a clinical computer-aided diagnosis system
(COVIDiag) is proposed in this work. The developed COVIDiag is
tested and validated on 612 patient’s lung CT images and this system
helped to attain an accuracy of >91%

Ardakani et al. [16] This work implemented a detailed comparative study among ten DL
schemes existing in the literature. In this work, 1020 lung CT images
collected from 108 patients are evaluated and assessed

Chenetal. [17] This work implemented a novel U-Net architecture to segment the
COVID-19 lesions from the lung Ct images and the proposed scheme
helped to attain a overall accuracy of 89%

Zhou et al. [18] U-Net attenuation mechanism based segmentation is employed to
extract the COVID-19 lesion from the lung CT images and this work
helped to get a Dice score of 83.1%

Miiller et al. [19] Implementation of 3D U-Net is discussed in this work to segment the
COVID-109 lesion from the lung CT images
Shi et al. [20] This work presented a detailed review on the various artificial

intelligence techniques employed during the collection, segmentation
and classification of the lung images for the COVID-19 examination

Shoeibi et al. [21] A detailed review on various DL system assisted COVID-19 lesion
detection and forecasting using lung CT images are clearly presented
and discussed

Table 1 confirms the availability of a considerable number of the image segmentation
techniques to extract and evaluate the COVID-19 lesion using the lung CT images [20,21].
Further, the CNN schemes, such as the U-Net architecture is also widely employed in the
literature to extract and evaluate the COVID-19 lesion with better accuracy. The proposed
research work in this paper also employed a traditional U-Net scheme to examine the lung
CT images. The proposed technique is implemented using MATLAB software and the
attained result (binary segmentation) is then considered to assess the performance of the
proposed technique with the help of a comparative assessment with the existing Ground-
Truth (GT) images.

3 Methodology

This section presents the methodology implemented in the proposed research work.
Figure 1 depicts the various stages available in the proposed segmentation scheme.
The various phases existing in the proposed CT examination scheme is depicted in
Fig. 1. Initially, the essential lung CT images (3D) are collected from the benchmark
dataset. Assessment of 3D image needs major computation effort and hence, the 3D to 2D
conversion is then executed using the ITK-Snap tool [22, 23]. The extracted 2D slices are
then resized into 572 x 572 x 1 pixels and the resized images are then considered to train
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3D lung 3D to 2D Image Implementing U-Net
CT image conver- resizing segmentation
Segmented image
Ground-
Truth
Performance measure
computation and valida-

Fig. 1. Various phases involved in the proposed COVID-19 lesion segmentation system

(Binary)

and test the CNN based U-Net segmentation architecture. Initially, the U-Net scheme is
trained with the original and augmented CT images and this procedure is repeated till the
CNN trains completely to identify the COVID-19 lesion in the considered test image.
The segmentation performance of the considered U-Net scheme is then confirmed based
on a comparative assessment performed between the extracted COVID-19 lesion and the
GT. During this comparison, essential image performance measures are computed and
based on these values, the performance of the proposed technique is validated. The main
need for the proposed approach is to extract the COVID-19 lesion automatically with
improved accuracy. Based on the lesion dimension, the doctor can plan and implement
the treatment to cure the infection.

3.1 Lung CT Image Collection

Due to its significance, a number of clinical grade lung CT images (healthy/COVID-19
class) are made available to the researchers. In this work, the COVID-19 class lung CT
images available in [13, 14] is considered for the assessment. This dataset is one of the
commonly adopted CT image dataset, since it has the clinical grade images collected
from the real patients. Further, this database is available with the associated Ground-Truth
provided by the image experts. Most of the benchmark lung CT images are available in
3D form and the assessment of the 3D images are quite complex compared to the 2D
class. Hence, initially, ITK-snap tool is used to extract the 2D slice (Axial view) from the
considered 3D images and the extracted 2D slices are resized into 572 x 572 x 1. All
the considered images are available along with the GT and 2D image of the GT (Axial
view) is also extracted and resized into 388 x 388 x 1. In the GT is a binary image
in which the COVD-19 infection is assigned with a value of “1” and the background is
assigned with a value of “0”.

3.2 U-Net Segmentation

After preparing the essential test images (200 images from database 1 and 100 images
from database 2) for the assessment, the traditional U-Net architecture is then employed
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to extract the COVID-19 infection with better accuracy. This work implements the U-Net
architecture in MATLAB® environment using the workstation with the following spec-
ifications; Ryzen 5 quad core 2.1 GHz processor with 8 GB RAM and the implemented
U-Net provides a segmentation result with a mean time of 107 & 29 s.

Figure 2 shows the traditional U-Net architecture implemented in this research. The
various stages of the scheme is clearly presented in this figure and from this scheme, it is
clear that the input image given to this network is with a dimension of 572 x 572 x 1 and
the output image is with a dimension of 388 x 388 x 1 pixels. To extract the essential
information, this scheme implements both the down and the up convolution process and
finally, it extracts the essential information from the image under study. In this work,
the following initial parameters are assigned before training and testing the considered
segmentation technique; number of iterations is assigned as 500, Number of Epochs
are fixed as 50, the learning rate is assigned as 0.001. Initially, the considered images
(original and augmented) are considered to test the segmentation performance of the
U-Net and then all the considered original images are considered to test and validate the
performance of the proposed scheme. The final outcome of the U-Net is a binary image
with a dimension 388 x 388 x 1 pixels and the extracted binary image is then compared
against its GT and the essential image performance measures are then computed.
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Fig. 2. Employed U-Net architecture considered to extract COVID-19 lesion

3.3 Performance Evaluation

The merit of any computer based image examination system is confirmed by computing
the essential image performance measures. In this work, after extracting the COVD-19
lesion from the chosen test image, a comparison is then executed with the related GT
and the essential performance measure is then computed.
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The performance measures considered in this research is depicted in Eq. (1) to (6)
[24-30]:

GTNSI
Jaccard = —— (1)
GT USI
. 2|GT N S|
Dice = —— 2
|GT| + |SI|
TP + TN
Accuracy = 3
TP + TN + FP 4+ FN
.. TP
Precision = —— 4)
TP + FP
o TP
Sensitivity = ———— (®)]
TP 4+ FN
Specificit ™ (6)
ecificity = ———
PEliEY = IN T FP

where GT is the ground-truth-image, SI is the segmented-image, TP, TN, FP and FN
denotes true-positive, true-negative, false-positive and false-negative, respectively.

4 Result and Discussion

This section presents the experimental results and discussion attained in the proposed
work. Initially the considered U-Net architecture is implemented on all the 300 images
and the segmented COVID-19 lesion is then considered for the further assessment.
Figure 3 presents a sample test image of the benchmark Database 1 and the corresponding
result. Figure 3(a) and (b) depicts the test image and the binary GT. Figure 3(c) and (d)
shows the saliency map and the binary SI respectively.

@] fol s

(a) Test image (b) Ground-truth (c) Saliency map  (d) Extracted lesion

Fig. 3. Test image and various phase results attained using U-Net segmentation

Table 2 presents the outcome attained with the U-Net architecture for the test image
depicted in Fig. 3(a). From this table, it can be noted that the accuracy will gradually rise
when the number of iteration as well as the epoch rises and finally the U-Net produces
the segmented image when the loss value equals to the assigned learning rate. Similar
procedure is implemented on all other images of Database 1 [13] and Database 2 [14]
considered in this study and the attained result are considered for further assessment.
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Table 2. Sample results attained with the implemented U-Net scheme

Epoch Iteration Elapsed time (mm:ss) Mini-batch Learning rate
Accuracy Loss
1 1 00:16 68.16% 3.1642 0.001
25 250 02.35 93.42% 0.6153 0.001
50 500 03.47 97.16% 0.0011 0.001

Ground-truth Test Image

Extracted
lesion

Imn 12) 13) 14) I5)

Fig. 4. Results attained with the sample test images of Database 2 [14]

Table 3. Preliminary image similarity measure

Image | TP FP | TN FN |Jaccard | Dice

I 6313972132938 | 528 0.8080 | 0.8938
11 12333 1339 | 127811 | 1304 | 0.8824 | 0.9375
12 22392 | 635 | 108765 | 2060 | 0.8926 | 0.9432
I3 8284|304 | 132694 | 1381 | 0.8310 |0.9077
14 9519|243 | 128125 | 2130 | 0.8005 | 0.8892
I5 13796 | 761 | 113759 | 3546 | 0.7621 | 0.8650

Figure 4 depicts the sample test images, GT and extracted SI for the images of the
database 2 and similar results are attained for all other test images. Tables 3 and 4 present
the computed performance measures based on the comparison between the GT and SI.
In these tables, the image I denotes the test image discussed in Fig. 3 and other images
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Table 4. Essential similarity measure to confirm U-Net performance

Image | Accuracy | Precision | Sensitivity | Specificity
I 0.9893 0.8666 | 0.9228 0.9927
I 0.9884 09732 | 0.9044 0.9974
12 0.9799 109724 | 0.9158 0.9942
I3 0.9882 0.9646 |0.8571 0.9977
14 0.9831 0.9751 | 0.8172 0.9981
I5 0.9673 0.9477 1 0.7955 0.9934

are presented in Fig. 4. Table 3 and 4 confirms that, the performance measures, such
as Jaccard, Dice and the segmentation accuracy is better for the considered images.
Similarly, the performance measures for the images of database 1 and database 2 is
separately compared as depicted in Fig. 5. This figure also confirms that, proposed CNN
based segmentation technique works well on the considered lung CT images.

I Database 1 [ Database 2

100 | 96.14 9572 1
9216 9288

90} 87.18  86.42 — ]

)
®
3

L

Performance measure (%
@
3
L

Jaccard Dice Accuracy

Fig. 5. Overall performance measures attained with U-Net segmentation

The experimental result of the proposed study confirmed that, the segmentation
accuracy attained with the U-Net scheme is >95% and in future, the attained outcome
can be compared with other traditional and CNN based segmentation techniques existing
in the literature.

5 Conclusion

The proposed research work implemented a CNN supported segmentation to extract
and evaluate the COVID-19 infection in lung CT images. The traditional U-Net scheme
is employed to mine the COVID-19 lesion from the chosen test images. The proposed
scheme help to process the images with 572 x 572 x 1 pixels and after the processing, the
implemented U-Net helps to offer a binary SI with a dimension of 388 x 388 x 1 pixels.
The procedure implemented on 300 test images offers a better overall performance
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measures, such as Jaccard (>86%), Dice (>92%) and Accuracy (>95%) is superior
with the proposed automated segmentation technique. In future, a CNN classification
can be included along with the U-Net in order to classify the lung CT images into
normal/COVID-19 class. Further, the performance of U-Net can be improved using
VGG16 architecture as the encoder section (VGG-Unet).
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