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Abstract: COVID’19 has caused the entire universe to be in existential health
crisis by spreading globally in the year 2020. The lungs infection is detected in
Computed Tomography (CT) images which provide the best way to increase
the existing healthcare schemes in preventing the deadly virus. Nevertheless,
separating the infected areas in CT images faces various issues such as low-
intensity difference among normal and infectious tissue and high changes in
the characteristics of the infection. To resolve these issues, a new inf-Net (Lung
Infection Segmentation Deep Network) is designed for detecting the affected
areas from the CT images automatically. For the worst segmentation results,
the Edge-Attention Representation (EAR) is optimized using Adaptive
Donkey and Smuggler Optimization (ADSO). The edges which are identified
by the ADSO approach is utilized for calculating dissimilarities. An IFCM
(Intuitionistic Fuzzy C-Means) clustering approach is applied for computing
the similarity of the EA component among the generated edge maps and
Ground-Truth (GT) edge maps. Also, a Semi-Supervised Segmentation
(SSS) structure is designed using the Randomly Selected Propagation (RP)
technique and Inf-Net, which needs only less number of images and unlabelled
data. Semi-Supervised Multi-Class Segmentation (SSMCS) is designed using
a Bi-LSTM (Bi-Directional Long-Short-Term-memory), acquires all the
advantages of the disease segmentation done using Semi Inf-Net and enhances
the execution of multi-class disease labelling. The newly designed SSMCS
approach is compared with existing U-Net++4, MCS, and Semi-Inf-Net.
factors such as MAE (Mean Absolute Error), Structure measure, Specificity
(Spec), Dice Similarity coefficient, Sensitivity (Sen), and Enhance-Alignment
Measure are considered for evaluation purpose.
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1 Introduction

The onset of Coronavirus is established in Wuhan city of Hubei Province, China, in 2019
December with proof of individual-to-individual spread. These viruses have been around for many
years and have infected various animals/mammal species and humans. The WHO announced this
deadly virus, COVID’19, by March 11, 2020, as a pandemic, which put the entire world into a
mandatory lockdown. This virus belongs to the RNA viruses and can cause serious viral pathogens
both in humans and animals. The pandemic infection is induced by the causative agent [1] named
severe acute respiratory syndrome coronavirus. Totally more than 1,50,000 corona-positive cases are
detected by the middle of March 2020. Also, the number of affected cases and lost lives other than
China is more than the number of the Chinese ones [2]. Symptoms in the majority of the affected
persons are fever, pulmonary opacities, and respiratory symptoms identified using CT scans, in which
20%—30% of the affected persons need ventilation with 10% of deaths in different reports [2]. A few
percentages of patients who do not have any symptoms of this virus are also considered a source
of disease transmission [3]. The WHO recorded 1,610,909 cases with 99,690 deaths by 11 April
2020 [1]. The number of new cases is substantially increasing in several countries, while the affected
ratios reduce in China. The nucleotides from the specimens acquired by bronchoalveolar lavage,
oropharyngeal swab, tracheal aspirate, and nasopharyngeal swab [4] are determined by RT-PCR
(Reverse Transcription Polymerase Chain Reaction) diagnostic approach. Also, RT-CPR isinadequate
for identifying the deadly infection Therefore, several non-laboratory and laboratory diagnostic
methods are carried out for finding the cause, location, and seriousness of this deadly infection. The
laboratory diagnostic approaches consider pleural-fluid-analysis, complete blood count, and blood-
gas-analysis [5], The non-laboratory diagnostic approaches consider the image-based techniques
for recording and analyzing the lung areas by utilizing CT scan, chest radiography (X-ray), and
bronchoscope. Although, the CT and X-ray are generally utilized for recording the lungs image and
the recorded image is analyzed by a doctor or for detecting the seriousness of the disease.

As CT images obtained from infected patients often indicate two-sided irregular images/ground-
glass dullness in the lungs [6], computerized tomography is the essential method for identifying the
infection in the lungs due to the viral infection. The CT is simple to operate and is highly sensitive
to screen corona infection [7] in comparison with RT-PCR. Also, the human delineation of lungs
infection is difficult and time-consuming. The observation of this infection by the radiologists is a
subjective project that is frequently controlled by clinical experience and individual influence. The
Deep Learning (DL) method and Artificial Intelligence (AI) method are utilized for identifying the
imaging characteristics of the deadly disease since the number of newly infected persons are increased
rapidly. The DL method is designed for identifying the patients affected with COVID-19 through
radiological imaging [8]. Also, COVID-Net was established for finding the COVID-19 infected cases
via chest radiography images [9]. One anomaly identification approach is established for helping
radiologists in examining the numerous X-ray images of the chest. A position-attention-oriented
approach is applied to compute the infection probability of corona [10]. Also, one deep learning-
based software is created by utilizing 3D CT images so as to identify the corona infection. The list
of the deadly infection-related Al works is described in. The detection of this deadly infectious virus
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is difficult in situations like: (1) There are high changes in size, texture, and position of infections
in CT images (i.e.,) the integrations are very small so that it may cause negative detection occurs
from the entire CT image, (2) The inter-class variation is low (i.e.,) There is blurred effect and
low contrast in images which leads to false identification of the disease, and (3) As the extend of
COVID’19 is quick, it is difficult to accumulate the required labeled data within less time. Therefore,
to resolve the above-mentioned issues, a new Inf-Net approach is designed to automatically determine
the infected areas from images of the chest. Although, in this Inf-Net approach, some of the edges
are not able to be determined accurately because of the poor extraction of features. So that the
segmentation results are not accurate. To resolve this drawback, Edge-Attention Representation
(EAR) is designed using ADSO. The similarity of the EA component among the generated edge
maps and GT edge maps is computed using the IFCM clustering approach. A Bi-LSTM classifier
is utilized for detecting infected areas from the CT images of the chest automatically for a multi-
class segmentation network. The factors such as Mean Absolute Error (MAE), Structure measure,
Specificity (Spec), Dice Similarity coefficient, Sensitivity (Sen), and Enhance-Alignment Measure are
considered for evaluation purposes.

2 Literature Review

Wang et al. [9] introduced a method that detects Coronavirus from the images of Chest X-
Ray, is non-proprietary and publicly accessible DCNN is termed as COVID-Net. Researchers and
citizen data scientists use COVID-Net and COVIDx datasets to speed up the accuracy of Deep
Learning Solutions to detect these deadly infection cases. Wang et al. [1 1] suggested that the Artificial
Intelligence DL technique could extort COVID’19 specific graphical attributes and save critical time
for disease control. It provides a medical analysis before pathogenic examination and presented
radiographical changes in CT images. These findings indicate the significance to extort radiological
graphical features for COVID’19 identification using the DL technique. Chen et al. [12] stated that
for diagnosing COVID-19, a computerized tomography is the chosen imaging technique. To perform
model validation and development, nearly 46,096 anonymous images were gathered from 106 admitted
individuals, together with 51 COVID (+) individuals and 55 control individuals affected by other
infections in Renim Hospital of Wuhan University. The DL technique proved equivalent performance
with proficient radiologists and significantly enhanced radiologists’ competence in medical practice.

Gozes et al. [13] created a method that employs robust 2D and 3D DL techniques, which change
and adapt current artificial intelligence methods and combines them with medical perceptive. Many
traditional evaluations were performed to examine the methods’ execution for identifying alleged
COVID’19 thoracic CT attributes and evaluating the progress of infection in every affected individual
overrun employing a 3D volume review, producing a Corona score. The findings showed that Al-based
image analysis could detect Coronavirus with high accuracy and quantify and track illness burden.

Tang et al. [14] introduced a Random Forest(RF) based on quantitative features trained to assess
the severity(severe or non-severe). The RF model calculates the importance of each quantitative
feature, which reflects the correlation to the severity of the disease. The quantitative feature calculated
from the right lung is more severe than the left lung. Machine Learning methods explore the severity-
related features and comprehend regular harshness evaluation (either non-severe or severe) of the
deadly infection derived from chest CT images.

Songet al. [15]introduced a method to identify patients with the disease using a DL-dependent CT
identification model (Deep-Pneumonia). This model differentiates the bacteria pneumonia-infected
patients and Coronavirus-infected patients with a recall (sensitivity) of 0.96 and AUC of 0.95.
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The suggested model can quickly and accurately identify infected people. To automatically quantify
infection ROIs and their volumetric proportions relating to lung, Shan et al. [16] introduced a DL-
related segmentation model. Human-In-The-Loop (HITL) technique was used to aid radiologists
with affected part segmentation, reducing the entire segmentation period to four minutes behind
three iterations of system updates. Finally, potential applications were considered, including examining
subsequent CT scans and infection patterns in the lobes and segments connected with clinical results.

Yan et al. [17] designed deep CNN for separating chest images having corona infection. Initially,
a new set of CT images including 165,667 chest images obtained from 861 corona-positive patients
are preserved. A Feature Variation (FV) unit is utilized for adjusting the global features for separating
the infected patients. The experiments performed by the researchers in Germany and China affirmed
that the newly designed CNN approach is high in performance. Amyar et al. [18] described one
multitask deep learning approach for identifying corona disease-infected persons and separating the
viral lesions from CT images. There are three different actions carried out in the combined form:
segmentation, classification, and reconstruction. An encoder is included for carrying out feature
representation in three actions, and also one multi-layer perceptron (MLP) and two decoders for
carrying out classification, segmentation, and reconstruction processes.

Polsinelli et al. [19] established a light CNN-related method of SqueezeNet for ensuring efficient
segregation of corona-related computerized tomography images concerning erstwhile images obtained
for pneumonia and/or fit computerized tomography images. Li et al. [20] designed recognition NN
(COVNet) for obtaining attributes from the chest computerized tomography images of the infected
persons. COVNet was applied on 4357 chest images of 3322 infected persons. The COV Net approach
gives 95% accurate results. The computerized tomography images which are employed for the COVID
research process are not shared in public [20].

Jaiswal et al. [21] introduced a DTL (Deep Transfer Learning) for separating the corona infected
from uninfected persons. The features are obtained from the self-learned weights on the Image Net
dataset by utilizing CNN structure. The results depict that the new DTL based corona classification
approach has high performance than the traditional methods. Harmon et al. [22] described a deep
learning training approach in which various global groups of 1280 individuals are allowed to localize
pleura/lung parenchyma after performing the categorization of 1337 corona infected persons. Al-
based approach is utilized for detecting the CT images combining with corona related pneumonia,
and for differentiating non-corona pneumonia with high precision in various patients.

Fan et al. [23] designed a new lung Inf-Net approach for detecting the infected areas from the
chest CT images. A PPD is utilized for combining high-level attributes and creating one universal
map. Also, the implied and express models are designed for improving the representations. A Semi-
supervised segmentation structure is applied on the basis of a randomly chosen propagation technique.
Jain et al. [24] described x-ray scans for both the healthy and virus-infected persons. The deep-learning
based CNN approach is generated after cleaning the images and employing data augmentation. Here
Xception, Inception V3, and ResNext approaches are compared for analyzing the accuracy of each
approach. The anomaly areas are also identified using the anomaly identification unit, which is failed
to identify whether the anomaly area is related to viral infection. The main drawback with this virus
infection segmentation method is that it has a low high-quality pixel-level observation. Therefore, the
aim is to consider only limited observations and support unlabeled data in an efficient manner.
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3 Proposed Methodology

In this work, COVID-19 Inf-Net is suggested for CT images. The dissimilarity is calculated by
introducing EAR through the ADSO approach. The similarity of the EA component among the
generated edge maps and GT edge maps is computed using the IFCM clustering approach. One
Parallel Partial Decoder (PPD) is utilized in this approach for combining the features from high-level
layers. The integrated features extract related data and create one global map as assistance region
for the successive steps. The lack of labeled data is reduced by suggesting SSS (Semi-Supervised
Segmentation) system for the COVID’19 disease segmentation process [25]. multi-class infection
labeling execution is enhanced. The experimental results depict that the development of the SSMCS-
Inf-Net+Bi-LSTM approach for multi-class labelling of various lung illnesses.

3.1 Lung Infection Segmentation Network (Inf-Net)

Inf-Net approach includes three RA (Reverse Attention) segments that are interlinked to PDP. The
computerized tomography images are initially transmitted to two convolutional layers for acquiring
high-definition low-level features. The characterization of objective region boundaries is enhanced
significantly by using Edge Attention (EA) module. EA module is optimized using the ADSO
approach. Afterward, the low-level features f, are acquired and are transmitted to three convolutional
layers to extract high-level attributes. These high-level attributes are utilized for two points. Firstly,
PDP is utilized for combining these attributes and creating a global map S, for limiting the rough
spreading of lung disease. Secondly, the combined attributes which are transferred to several RA parts
beneath the control of S, are arranged in a cascaded manner. Here, the IFCM clustering algorithm is
utilized for detecting the similarity of the EA component among generated edge maps and GT edge
maps. Final identification of lungs infection areas is made by transmitting the output of the last RA
to the sigmoid activation function.

3.2 Edge Attention Module

The edge information is acquired for providing important constraints to support the feature
extraction for segmentation [26]. Therefore, the low-level attributes f, are transmitted to the designed
EA module for exactly learn edge-attention representation. Especially, the attribute £, is transferred to
one convolutional layer with a filter for creating an edge map. At last, the difference of EA component
among the generated edge map S, and GT edge map G. is calculated using the benchmark BCE (Binary
Cross-Entropy) loss function,

w

ﬁedge = - Z [Gflog(Se) + (1 - Ge)log (1 - Se)] (1)

x=1 y=1

In which G, is calculated by the gradient of the GT map G,, w and h show the width and height of
the edge map and (x, y) denote coordinates of pixels in the generated edge map S, and edge GT map
G,. Fig. | depicts the complete structural design of introduced inf-Net system.

3.2.1 Edge-Attention Representation (EAR) via the Adaptive Donkey and Smuggler Optimization
(ADSO)

Edge Attention Representation (EAR) is carried out through the ADSO approach. This approach
resembles the behavior such as searching and choosing the best edge map and GT of the donkeys.
Two modes like Smuggler and Donkeys are utilized for performing the search behavior of the best
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gradient values in the edges and edge map. All the edges are identified, and the highest gradient edges
are detected in the Smuggler mode. Multiple donkey behaviors like Run, Face & Suicide, and Face &
Support are used in Donkey’s mode (Refer Fig. 2) [27].

Convolutional layers and feature
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Figure 1: The architecture of proposed Inf-Net model

Smuggler

A smuggler is not adaptive to any variations it is referred to as the invariable portion of the
procedure. In this, the smuggler inspects all the possible edges from the image to the mapped edge
and then concludes the best gradient on the basis of the condition of the image and the gradient of the
image. Then, the Donkey is transferred on the basis of the concluded gradient. The fitness computation
is performed in the smuggler portion for identifying the best ESR to reach the edge map based on the
operator.

Donkey

The Non-Adaptive routing seems to be better due to its simple functioning and accurate results
with remarkably uniform topology and traffic. The estimation of the gradient is based on the present
edge in the EAR approach. This operation is performed on the basis of Donley’s behavior.

Run: edge map path is varied to other finest results. While the finest result is identified in an
invariable portion of the procedure, the best solution is fell, and a new finest result is assigned
based on new variations

Face and Suicide: edge map is to be optimized as the best edge map is finalized. At the same
time fall the present edge map and utilize the other best solution while finalizing the gradient
of the edges. Suppose the best solution finalized in the first portion of the algorithm is not the
best because of many variations affecting its fitness value

Face and Support: When the present gradient does not reach the best solution which is assigned
by the smuggler, the solution is dropped by setting the next best result in the answers to perform
a similar operation.



CMC, 2022, vol.71, no.1 1139

Smuggler (non-adaptive)
J L

Evaluate fitness function as edge map of fitness Gradient

Best Edge
Map
|

[ Donkey (Adaptive) |
J L

Evaluate fitness function as edge map of fitness Gradient

A

If Changing

Face and Suicide Face and support

Best Edge

Best Edge
Map

Map

End
Figure 2: Procedure execution

Fig. 2 depicts the functioning of the procedure. A two-part algorithm is built using the Smuggler
and Donkey behaviors for detecting the best edge map and for reacting to any variations for preserving

the best edge map.

Pseudocode of the ADSO Algorithm
Part I: The Smuggler

Begin

1. Finding the gradient value for every solution
2. Computing the fitness value for every solution using Eq. (2) as follows,

J J
Zj:O X+ Hj:O Xjj 2)
Zf:o Xi: + H:Z=0 Xiz

f(x) =

Here i denotes the number of possible solutions for edge map, x; refers to a possible solution, j
denotes the number of metrics of a directly proportional possible edge map, and z denotes the amount
of parameters of every reversely proportional potential edge map. Also, the denominator contains the
reversely proportional parameters, and the numerator includes the directly proportional parameters.

3. Select the finest result and transfer the Donkey.
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End
Part II: The Donkey
Begin
1. Utilize the identified result.
2. Calculate the present result with respect to fitness (Continue executing fitness function for
identifying a good edge map result based on the fitness gradient)
3. If Yes: (there are lesser gradient)
3.1. Run: The fitness of the possible edge maps are recalculated, and the best edge map is
updated.
3.2. Face and Suicide: By Eq. (3), the second-best solution is identified for functioning as the
finest result. In which the fitness of probable solution is not recalculated.

besz.s‘ui(‘i{l.\'()[uti()n = f(xl) - f‘(besz.\'()lution) (3)

In which i denotes amount of probable result of the edge map. The fitness of the best edge map
will be the minimum one in the solution. The fitness of the best edge map is subtracted from the fitness
of the possible edge maps for finding the least variation, which is measured as new feasible result.

3.3. Face and Support: If a feasible result is not attained, a mutation operator is applied till
the actual feasible result is found. The local optima issue is evolved here, and so adaptive
mutation operator is included by interchanging the gradients of the edge maps. Here the
re-examination of fitness of probable result is done.

SecondbeStSolution = f(beszsolurion) - f(xl) (4)

beS tSupportSolurion = beszsolutian + Secondbeszsolmian (5)

Eq. (4) decides on the solution that is utilized for the next best edge map by deducting the fitness
of probable edge map from the fitness of finest edge map. After which Eq. (5) combine the finest edge
map with next best edge map to create a feasible sustained solution that employs two edge map to do
single work.

End

3.2.2 Intuitionistic Fuzzy C-Means (IFCM ) Clustering

The edges are mapped, and a clustering algorithm is used to assess the EA module’s resemblance
among generated edge maps and the edge maps generated from GT by IFCM [28]. The IFCM uses
intuitionistic fuzzy distance measure. In this research, a new IFCM clustering approach is designed
using intuitionistic fuzzy set (IFS) theory for computing the hesitation degree arising at the time of
application of membership function. In intuitionistic fuzzy set, the image is altered to intuitionistic
domain via describing proper membership and non-membership functions. Once the membership and
non-membership functions are acquired, the changes of the respective functions are performed based
on the determined similarity between the generated edge map S, and the edge map G,. Therefore, an
intuitive approach is established for intuitionistic fuzzy image processing that shows the blurriness and
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inherent ambiguity taken by the edge itself. IFS mentioned as A is described as E={S,, G,} which is
defined by Eq. (6),

A ={(e, nale),v4(e))|e € E} (6)
In which
waie)  E—[0,11and v, : E — [0,1] @)

Having condition as

0<uye)+vye) <1foralleckE. ®)

Here n,(e) denotes the hesitation degree/intuitionistic fuzzy index for evaluating the distance
amongst IFSs [29]. Also, ua(e) and v,(e) denotes the membership degree and the non-membership
degree of e to A. hesitation degree arises because of the insufficient knowledge of the membership
degree of every edge component e of A, which is calculated using Eq. (9),

wa(e) =1—uy(e) —vy(e), where 0 < p,(e) < 1. ©)

An intuitionistic fuzzy subset A with hesitation degree w4 (e), in E is defined using Eq. (10),
A ={(e, pa(e),vaile), mi(e))le € E}. (10)

With a specific condition as pus(e) + va(e) + ma(e) = 1. Also 0 < ua(e) < 1 for each
€ E. IFS defined by utilizing hesitation degree, membership and non-membership parameters. 3.2.2.
Intuitionistic Fuzzy C-Means clustering is performed on the basis of reduction of the objective
function, which includes two conditions symbolized using Eq. (11),

N c N
1—7*
TEM =3 e — ey + D7 "ey (11)

i=l  j=1 i=1

Jj=1

Here ; refers to the intuitionistic fuzzy membership of the jth point in the ith cluster, u;(e) denotes
the sum of p; and m denotes the weighting exponent. The membership functions p; and centre vector
¢; are updated using the Eq. (13) given below,

1
My = : (13)

c ej—¢j m—1
> (1=2)
N
C* _ Zn:l 'U/;el

i N
Zn:lMij

(14)
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Atlast, the membership functions and the cluster centre are updated based on the stopping criteria
at every iteration.

3.3 Paralleled Partial Decoder (PPD)

Multiple traditional medical image segmentation networks separate infected organs by utilizing
High and low-level attributes in the encoder. PDP is used for combining the high-level features, which
is demonstrated in Fig. 3. Particularly, for I input CT image, two low-level set attributes {f; , i = 1, 2}
and three high-level set attributes {f; , i = 3, 4, 5} are extracted by utilizing the first five convolutional
blocs of Res2Net [30].

f

Up
samplex
2

fa
fs

\ A

Up-samplex 2

Figure 3: Parallel partial decoder (PPD) employed for generating global map

PDP is utilized as a new decoder element for combining the high-level features with parallel
connection. This PDP outputs a coarse global map S, = p,(f;, fi, f5), that acts as global support
in RA modules.

3.3.1 Reverse Attention (RA) Module

Initially, PPD functions as a rough locator and outputs Sg global map, that provides lung infected
areas a rough location without any structural information (Refer Fig. 4). Secondly, it functions as a
fine labeller for mining different infected areas in a deleting manner. Especially, the new approach
exactly studies the repeal concentration in three parallel high-level attributes rather than simply
combining features from all levels. It can utilize the complementary areas and information by deleting
the identified infected areas from high-level side-output attributes, in which the evaluation is high-
sampled from the deep layer. RA attribute result is acquired via performing product of high-level
side-output attributes {f;, i = 3, 4, 5} with edge attention attributes e,, = f, with RA weight A,

R, = C(fw Dow (e.)) © (A,) (15)

Here C(.) refersto the concatenation operation followed by two-dimensional convolutional layers
with 64 filters, and the downsampling operation is denoted as Dow.Also, the RA weights A; denotes
the factor for significant entity identification in the computer vision area , calculated using Eq. (16)
as follows,

A4; = (00 (P(Si1)))) (16)

In which ©(.) denotes the reverse operation detecting input from E matrix, where entire elements
are assigned as 1, o (.) refers to Sigmoid activation function and P(.) shows the up-sampling operation.
Also, ¢ refers to single-channel feature with 64 repeated sensors. Each channel is reversed in Eq. (15).
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U-Net++ Inf-Net Semi-Inf-Net Semi-InfFNet+ADSO

U-Net++ Inf-Net Semi-Inf-Net Semi-Inf-Net+ADSO

€0 i

(a)

Semi-Inf-Net+FCN8 Semi-Inf-Net image SSMCS+Bi-LSTM

Semi-Inf-Net+FCN8 Semi-In-Net+MC SSMCS+Bi-LSTM

Semi-InfNet+FCNg ~ Semi-inf-Net+MC  SSMCS+BI-LSTM

(b)

Figure 4: (a) Lung infection segmentation visual comparison (b) multi-class lung infection segmenta-
tion visual comparison
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3.3.2 Loss Function

L.q. loss function is described for edge supervision as described in above Eq. (1). The loss function
L, 1s defined as a mixture of weighted IoU loss £}, and a weighted BCE L}, BCE for every
regulation i.e.,

Lo =L, + ALY, (17)

IoU

Here the weight is denoted as A, which is assigned to 1. The two portions of L, brings local (pixel-
level) and global (image-level) supervision for an efficient segmentation process. The weighted IoU loss
maximizes hard pixels weights for showcasing their significance. Also, unlike the standard BCE loss,
the L} considers only the hard pixels rather than allocating similar weights to all the pixels. The two
losses are described in, and their reliability is analyzed in object identification. Lastly, deep supervision
is applied for three-side outputs (S;, S,, and Ss) and global map S,. Here each map is adjusted to the
equal size as the object-level segmentation GT map G,. Hence the total loss is calculated by Eq. (18),

5
'Croral = Eseg(Gsa Sgp) + ﬁedge + Z Eseg(Gsa S:tp) + J;FCM (18)

i=3

3.4 Semi-Supervised Inf-Net

The training dataset is efficiently augmented by this new method as it uses a semi-supervised
learning approach for controlling various unlabelled CT images. Also, the inputs are needed to be
resized uniformly to 352%352 before the start of the training process. The training of Inf-Net is carried
out using a multi-scale scheme. Particularly, the images which are needed to be trained are re-sampled
to varied scaling proportions such as {0.75, 1, 1, 25}, and by employing re-sampled images, the Inf-
Net is trained so that the performance of this method is effectively enhanced. An Adam Optimizer is
used for the training process, and its learning ratio is assigned to le — 4. Here, the training process is
performed in two stages: (i) Carrying out the pre-training process over 1600 computerized tomography
images with pseudo labels in a time duration of 180 min, intersecting 100 epochs with batch size as
24, (i1) Calibrating 50 computerized tomography images with GT labels in a time duration of 15 min,
intersecting 100 epochs with batch size as 16.

3.5 Semi-Inf-Net with Multi-Class Segmentation

The U-Net and the Bi-LSTM classifier are two backbones used in multi-class segmentation works
that are not bound by a specific type of segmentation work. Before training, all of the inputs are shrunk
to 512512 pixels. A uniform Xavier is used to initialize the network, which is then trained using a SGD
optimizer with 0.99 momentum, 5¢ —4 weight decay, the learning rate of le — 10. It takes roughly 45
min to finish the entire training programme. For multi-class segmentation, Bi-LSTM offered. A gated
Recurrent Neural Network (RNN) is an LSTM. The operations within an LSTM cell is described
mathematically in the Egs. (19)—(23):

i, =o0(Wux, + Wyh_, +b) (19)

fi = o (Wyx, + Wych_, + by) (20)
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Ct = ftcl—l + iltan h(chXt + thht—l + bc) (21)
Ot = o(wxoxt + Whohtfl + bo) (22)
h, = o, tanh(c) (23)

In which b & W denotes bias and weight of the Bi-LSTM classifier
The sigmoid equation is provided as

1

Inan LSTM cell, there are 3 gates: i, input, f,, forget, and o, output gates. The three gates within an
LSTM cell should work with W trainable matrices to maintain important data from earlier period steps
and discard insignificant bits based on the label presented. It is a recurring operation that is described
in-depth in earlier work. For multi-class COVID’19 segmentation images, a special sort of LSTM, the
Bidirectional LSTM(Bi-LSTM), is used in this study. The input COVID 19 images are handle forward
and backward directions with non-dependent parameters at every direction in Bi-LSTM. In the case of
many layers, both the directions outputs are combined to form input for Bi-LSTM in the subsequent
layer. As a result, at any time step, the neural network node will capture all of the data about the entire
input COVID 19 images. The Bi-LSTM network is used to improved capture the COVID 19 images on
both sides of the target class to take advantage of this feature. Assume that the initial layer output is
Y= (O ....,, yp),andnextlayeroutputisZ = (z;, ..., z7),and thaty; &z Vectors with the
same dimension D, i.e., y;, z; € R?. After experimenting with various layer settings, it is determined
that a two-layer Bi-LSTM with failure delivers the best results. Create a total of four possible structures
to run above Bi-LSTM to customize its result. The output of each structure is represented by H. The
following are descriptions of these four structures:

(1) Utilize the Bi-LSTM output directly. Thatis, H =Z
(i1) Calculate the weighted sum of Y and Z. Thatis, H = AY + (I —A)Z,wherer e[ 0, 1],
variable.
(iii) join Y and Z along with period steps. i.e., as Y and Z are T x D tensors, H is 2T x D tensor.
(iv) join Y and Z along every vector y and z. i.e., Hisa T x 2D tensor.

After choosing an explicit upper layer formation, the max-pooling function is performed along
timesteps on H to get h € R”(in case of structure (iv)). i.e., select the highest value along the timesteps
within each dimension d € D (or 2D). Finally, for hyperparameter tuning, adam optimizer is used
along with accuracy as the metric.

4 Experiments

In this research, the experiments are performed over the COVID’19 segmentation dataset, which
contain 100 axial computerized tomography images obtained from various infected persons. The entire
CT images are accumulated by Italian Society of Medical and Interventional Radiology. computerized
tomography images are separated by the radiologists by various labels for determining lung infections.
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Only 100 labelled images are considered as this is the first accessible Corna virus dataset used for the
segmentation of lung infections. semi-Supervised disease segmentation database (COVID-SemiSeg) is
utilized to support unlabelled computerized tomography images to supplement the training dataset.
COVID’19 computerized tomography Segmentation is applied as labelled data denoted as D, .q
In which 45 computerized tomography images are chosen arbitrarily as samples for training, 5
computerized tomography images are chosen for the validation process, and the balance 50 CT images
are chosen for testing purposes. unlabeled computerized tomography images are removed from CT
images dataset, which includes 20 CT images obtained from 20 infected persons. The effective semi-
supervised segmentation is made possible by creating an unlabeled training dataset which is denoted as
Dywea. The measurement factors such as Sensitivity (Sen), Dice Similarity Coefficient, and Specificity
(Spec) are considered for the evaluation process. similarity/dissimilarity among the final predicted map
and object-level segmentation GT is calculated as below,

Structure Measure (S,): it is a way to compare the structural resemblance of a prediction map and
a ground-truth mask, that is how the human visual system by Eq. (25),

S, =0 —a)*%S5,0S,,G) +ax*S.(S,,G) (25)

where « is a balance factor among object-aware resemblance Sound region-aware resemblance S,. S,
using the the default setting (o« = 0.5) suggested in the work.

Enhanced-Alignment Measure (E}“"): It is a recently developed metric for comparing two binary
maps local and global similarity. The Equation for this as follows:

w h

E, DD 6(S,(x. ). G(x. ). (26)

1
 wxh

Here h and w symbolize the height and width of ground-truth G, respectively, and (x, y) signifies
the pixel coordinates in G. ¢ represents the superior placement matrix. Convert the prediction S, into
a binary mask with a threshold of 0 to 255 to get a set of E. computed from all the thresholds in
experiments.

Mean Absolute Error (MAE): It calculates the pixel-by-pixel difference amongst S, and G, which
is defined by Eq. (27),

1 w h
MAE = —— 3 > | IS,(x,7) = G(x,y)| (27)

Three modern models Sem-Inf-Net, U-Net++-, Inf-Net, and the suggested Semi-Inf-Net+ADSO
algorithm, were used to compare the infection segmentation performance. The quantitative findings
are provided in Tab. 1. As can be observed, in terms of metrics, the suggested Semi-Inf-Net + ADSO
method outperforms Sem-Inf-Net, U-Net++, Inf-Net.

Table 1: Quantitative results of infection regions on covid-semiseg dataset vs. methods

Methods Backbone Dice Sen. Spec. S. Eje" MAE

U-Net++ VGGI16 0.575 0.689 0.885 0.736 0.731 0.115
(Continued)
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Table 1: Continued

Methods Backbone Dice Sen. Spec. S. Ej MAE
Inf-Net Res2Net 0.694 0.705 0.922 0.794 0.843 0.075
Semi-Inf-Net = Res2Net 0.748 0.735 0.970 0.815 0.901 0.062
Semi-Inf- Res2Net 0.764 0.784 0.978 0.837 0.925 0.049
Net + ADSO

Fig. 4a shows that Semi-Inf-Net + ADSO and Semi-Inf-Net significantly outperform the other
approaches in lung infection segmentation.

Fig. 4b shows that SSMCS + Bi-LSTM and Semi-Inf-Net + MC significantly outperform the
other approaches in lung infection segmentation. From Fig. 5, it is concluded that the proposed
SSMCS+Bi-LSTM and Semi-Inf-Net+ADSO classifier gives higher results when compared to other
methods.

0.8

_ - U-Net++
I (ni-Net
0.7} [ semi-Inf-Net
[ semi-Inf-Net+ADSO
:l Multi Class-U-Net++
0.6} [ semi-Inf-Net+FCN8
' I semi-Inf-Net+MC
I SS\CS+Bi-LSTM
0.5F - ]
ot I
8 o4t E
0.3f i
0.2f i
0Af |
0 I

1 2 3
Segmentation

Figure 5: DICE similarity measure comparison vs. methods

The proposed SSMCS + Bi-LSTM and Semi-Inf-Net + ADSO classifier gives dice value of 0.681
and 0.764, the other methods such as U-Net++, Inf-Net, Semi-Inf-Net, MC-U-Net++, Semi-Inf-
Net+FCNS, and Semi-Inf-Net+MC gives dice value of 0.575, 0.694, 0.748, 0.418, 0.486, and 0.553
respectively (See Tabs. | and 2).

The dice similarity of the Semi-Inf-Net + ADSO is higher when compared to other methods since
the Edge-Attention Representation (EAR) is optimized via the ADSO algorithm. Fig. 6 shows that the
proposed SSMCS+Bi-LSTM and Semi-Inf-Net + ADSO classifier provides a better sensitivity results
when compared to existing approaches. The findings show that as compared to Inf-Net approaches,
lung infection multi-class approaches have lower sensitivity.



1148

CMC, 2022, vol.71, no.1

Table 2: Quantitative results of average on covid-semiseg dataset vs. multi-class (MC) infection

methods
Methods Dice Sen. Spec. S. Eje" MAE
Multi class- 0.418 0.394 0.941 0.601 0.756 0.073
U-Net++
(MC-U-
Net++)
Semi-Inf- 0.486 0.492 0.882 0.668 0.782 0.061
Net + FCN8
Semi-Inf- 0.553 0.579 0.974 0.684 0.841 0.054
Net+MC
SSMCS + Bi-  0.681 0.627 0.986 0.725 0.867 0.046
LSTM

08 ] - U-Net++

[ i-Net
07 [ Semi-Inf-Net

0.6

Sensitivity
o o
S )]

o
w

0.2

0.1

|:| Semi-Inf-Net+ADSO
|:| Multi Class-U-Net++
[ Semi-Inf-Net+FCN8
I semi-Inf-Net+MC

I SSMCS+Bi-LSTM

2

Segmentation

Figure 6: Sensitivity comparison vs. methods

Fig. 7 compares segmentation approaches such as Semi-Inf-Net and Inf-Net with classifiers with
regard to specificity. Other techniques like Sem-Inf-Net + FCNS8, U-Net++, Sem-Inf-Net + MC,
Inf-Net, MC-U-Net++ and Semi-Inf-Net gives values of 88.2%, 88.5%, 97.4%, 92.2%, 94.1%, 97.)%
respectively, while the proposed Semi-Inf-Net + ADSO and SSMCS + Bi-LSTM classifier gives
97.8% and 98.6%.(See Tabs. | and 2). Fig. 8 shows segmentation approaches like Semi-Inf-Net and
Inf-net with structural classifiers. Other approaches such as U-Net, Inf-Net, Semi-Inf-Net, MC-
U-Net++, Semi-Inf-Net + MC are proposed for a value of 0.736, 0.794, 0.815, 0.601, 0.668, and
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0.684 respectively; and 0.735 and 0.638 and 0.640 are provided by the SSCMS + Bi-LSTM and SSI-
NET + ADSO classifiers(See Tabs. 1 and 2). The result shows that when compared to typical Inf-Net
classifiers, the Semi-Inf-Net + MCS produce lower error outputs.
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Figure 7: Specificity comparison vs. methods
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Figure 8: Structure measure comparison vs. methods
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5 Conclusion with Future Enhancement

The article suggested innovative COVID’19 lung computerized tomography disease segmentation
network that employs an explicit edge-attention and implicit reverse attention to augment the region
affected with infection, named as Semi-Supervised version of Inf-Net. Improving the segmentation
accuracy illustrates how a semi-supervised learning framework can increase fewer amounts of training
samples. PPD is used to construct a global map and merge high-level attributes. To learn edge
representation by Adaptive Donkey and Smuggler Optimization (ADSO), an Edge Attention (EA)
module is suggested. The ground truth edge map similarity and produced edge map are calculated via
an algorithm known as the Intuitionistic Fuzzy C-Means (IFCM). The Bi-LSTM is introduced for
multi-class segmentation. The random sampling strategy enlarges the training set with unlabeled data
in the Sem-Inf-Net, and it is a multi-class infection labelling that is introduced to get the infection
regions of different types of lung infections. In multiple layers, the output at each timestep from both
directions becomes the input of the Bi-LSTM in the next layer. The accuracy of the method is dropped
while considering non-affected pieces. As a scope of future work, running an extra portion-wise
classification model (e.g., affected Vs non-affected) is an efficient solution for evading the execution
drop of a non-affected slice.
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