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Abstract

With the spread of COVID-19, there is an urgent need for a fast and reliable diagnostic aid. For the same, literature has
witnessed that medical imaging plays a vital role, and tools using supervised methods have promising results. However,
the limited size of medical images for diagnosis of CoVID19 may impact the generalization of such supervised methods.
To alleviate this, a new clustering method is presented. In this method, a novel variant of a gravitational search algorithm
is employed for obtaining optimal clusters. To validate the performance of the proposed variant, a comparative analysis
among recent metaheuristic algorithms is conducted. The experimental study includes two sets of benchmark functions,
namely standard functions and CEC2013 functions, belonging to different categories such as unimodal, multimodal, and
unconstrained optimization functions. The performance comparison is evaluated and statistically validated in terms of mean
fitness value, Friedman test, and box-plot. Further, the presented clustering method tested against three different types of
publicly available CoVID19 medical images, namely X-ray, CT scan, and Ultrasound images. Experiments demonstrate that
the proposed method is comparatively outperforming in terms of accuracy, precision, sensitivity, specificity, and F1-score.
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1 Introduction

With the rapid outbreak of the Corona virus Disease
(CoVID19) around the globe [1], the World health
organization (WHO) has been declared CoVID19 as a
Public Health Emergency of International Concern (PHEIC)
[2]. Pathogenically, the virus identified in CoVIDI19 is
“severe acute respiratory syndrome coronavirus 2” (SARS-
CoV-2) which is quite distinct from other respiratory
viruses like MERS-CoV, SARS-CoV, avian influenza, and
influenza [3]. Usual symptoms in a COVID19 patient are
fever, dry cough, and tiredness. Other signs experienced by
patients include sore throat, diarrhea, headache, loss of taste
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or smell, and rash on the skin and severely infected patients
have symptoms of breathing difficulty, chest pain, and
Multi-Organ Failure (MOF) [4]. Despite worldwide efforts
to control the growth of CoVID19, the number of CoVID19
incidences is still rising at a reproduction rate of 3.77 [5].
Globally, there are over 6.15 million confirmed cases, out
of which more than 2.63 million patients have recovered
while 371,700 patients died, as of the date (1 June 2020)
[6]. Moreover, USA with more than 1.8 million confirmed
cases is the most severely affected country, followed by
Brazil, Russia, United Kingdom, Spain, and Italy, with more
than 200 thousand confirmed cases to date. India, being the
second-largest population country, has also a significant rise
in the number of CoVID19 cases. At the time of this writing
article, there are nearly around 200 thousand confirmed
cases in India with a death count of 5,394. Presently, there
are no approved antiviral drugs or treatment regimens to
cure COVIDI19 [4].

Meanwhile, real-time polymerase chain reaction (RT-
PCR) can be conducted to confirm the diagnosis of
CoVID19 [7]. However, it has been observed that this
method has several limitations, such as time-consuming,
low true-positive rates, and high false-negative rates [7,
8]. Due to the high communicable behavior of CoVIDI19,
such limitations raises a major concern in the current
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Fig.1 Representative sample
images of non-CoVID19
patients: a chest Xray, b chest
CT-scan, and ¢ lung Ultrasound

epidemic situation. If an infected person is not diagnosed
and treated timely, then the infected person may act as a
carrier of the virus and spread it among healthy people
unknowingly. Therefore, early identification of the infected
people would help to quarantine them, which would be
advantageous in declining the growth of CoVID19. As
an alternative, clinical observations [9] have observed
high sensitivity in diagnosing the CoVID19 through
medical imaging modalities. There are irregular ground-
glass opacities in chest images of the infected people [10].
Figures 1 and 2 illustrate representative samples of three
medical imaging modalities, i.e. chest X-ray, chest CT-
scan, and lung ultrasound images, of non-CoVIDI19 and
CoVIDI19 patients, respectively. In general, the manual
analysis of such images requires expert radiologists which
makes this costly and error-prone process. To alleviate the
same, computer-aided methods could facilitate as diagnostic
aids for CoVIDI19. Fang et al. [11] has observed that
the diagnosis of CoVID19 through imaging patterns in
the chest images is much accurate than RT-PCR. Similar
observations are also reported by Xie et al. [12]. Recently,
many supervised learning methods have been proposed in
which the concept of transfer learning is mainly applied
in which a pre-trained deep learning model is used as a
feature extractor. Deep learning models are not employed
directly due to the unavailability of a large dataset of labeled
chest images for CoVID19. Therefore, researchers have
extracted deep features through transfer learning, and then,
classification is performed through supervised models like
decision tree, AdaBoost, support vector machine, and many
more [4, 13].

Literature has witnessed that the accuracy attained by
supervised learning on deep features, i.e. features extracted
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through transfer learning, is around 90%. However, the
availability of limited medical images of CoVID19 may
result in overfitting and thus impact the generalization
ability of these learnable models. Moreover, the key
requirement of supervised learning is labelled data [14, 15].
In such scenarios, literature has witnessed that unsupervised
learning is quite efficient in determining patterns within the
unlabelled data, especially clustering [16, 17]. Clustering
methods induce inferences by discovering constitutional
structures from the unlabelled dataset [18]. Therefore, the
motivation of this paper is employing unsupervised learning
on deep features for the diagnosis of CoVID19 from the
medical chest images.

In literature, one of the most popular unsupervised
methods is Kmeans. Kmeans method clusters the unlabelled
dataset into distinct unified clusters according to certain
similarity measure [19]. Sometimes, Kmeans method
suffers from a number of demerits like, biased towards
initial clusters, converges pre-maturely, and produces local
optima [20]. To mitigate such limitations, metaheuristic
methods have been successful for clustering [21, 22].
Metaheuristic methods are mathematical models that
mimic the unique optimization behavior of the natural
systems [23]. Generally, metaheuristic methods have
exhibited good performance on numerous nonlinear and
complex optimization problems [24-26]. From the last
two decades, they have been an integral part of many
real-world applications ranging from design to business
planning [27, 28]. Some popular metaheuristic methods
are genetic algorithm [29], differential algorithm [30],
particle swarm optimization [31], ant colony optimization
[32], biogeography-based optimizer [33], and artificial bee
colony [34]. There are many other phenomena in nature
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Fig.2 Representative sample images of CoVID19 patients: a chest Xray, shows opacities in the left lower and right upper lobes, b chest CT-scan,
shows multifocal bilateral ground-glass opacities., and ¢ lung Ultrasound, showing small sub-pleural consolidation and pleural irregularities
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that have been utilized for solving other types of real-
world problems [35]. One such common phenomenon is
Newton’s law of gravity and motion which inspired Rashedi
et al. [36] to introduce a new metaheuristic method termed
as gravitational search algorithm (GSA). Gravitational
search algorithm (GSA) has achieved effective results
on many optimization problems like image segmentation,
energy conservation, parameter selection, and clustering.
A comprehensive survey of different applications of GSA
is reviewed in [37]. The prominent attribute of GSA is
the gravitational interaction among the considered solutions
which makes it a unique and stable method [38]. Moreover,
it updates solutions based on the fitness of each solution
and distance among them, [39]. Further, it considers current
solutions to achieve an optimal solution and requires only a
single predefined parameter i.e., gravitational constant. [40].
Therefore, this paper leverages the strengthens of GSA for
the optimal clustering of image features.

GSA [36] is inspired by the Newtonian law of gravity
and motion. It considers a swarm of solutions as objects
which update the solution collectively. In GSA, every object
interacts with other objects under the gravitational force.
Initially, GSA explores the search space by allowing a
high number of objects for interaction. The number of
objects is linearly decreased to perform exploitation which
is controlled by Kbest function [41]. In GSA, the fitness
of an object determines its mass, and thus, a heavier object
represents a better solution. Therefore, the position of the
heaviest object corresponds to the optimal solution of the
considered problem. Though GSA is quite efficient, there
are still chances of improvement in the solution precision.
Therefore, this paper presents a novel variant of GSA,
improved GSA (IGSA), to enhance the vicinity to optimal
solutions. Further, the proposed variant is employed to
obtain optimal clusters in the proposed clustering method
for the CoVID19 diagnosis.

The overall contribution of this paper is four folds:

® A novel variant of the gravitational search algorithm,
improved gravitational search algorithm (IGSA), is
presented,

® A new clustering method, Kmeans-based improved
gravitational search algorithm clustering (KIGSA-C)
method, has been introduced for the diagnosis of
CoVID19,

® An extensive experimental analysis of IGSA has
been conducted against 16 metaheuristic algorithms
over 17 standard benchmark functions belonging to
unimodal and multimodal categories. Further, the real-
parameter single-objective optimization problems from
IEEE Congress on Evolutionary Computation (CEC)
2013 are considered to validate the performance of the
proposed variant on translated and shifted benchmark
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functions. The results are studied over four different
dimensional settings, i.e. 10, 30, 50, and 90, and

e The proposed KIGSA-C method is experimentally
evaluated against two methods, namely Kmeans and
Kmeans-based gravitational search algorithm clustering
(KGSA-C). For experimental analysis, three types
of medical chest images, i.e. X-ray, CT-scan, and
Ultrasound images, of non-CoVID19 and CoVIDI19
patients are taken from the publicly available links. The
effectiveness of the considered methods is compared in
terms of confusion matrix along with five classification
measures, namely sensitivity, specificity, precision, F1-
score, and accuracy [42].

The organization of the paper is as follows; Section 2
discusses the related work. The feature extraction through
transfer learning along with GSA is detailed in Section 3.
Section 4 discusses the proposed method along with new
variants of GSA followed with the experimental results in
Section 5. Lastly, the conclusion is drawn in Section 6.

2 Related work

Xu et al. [43] used a convolutional neural network (CNN)
for transfer learning on the CT images and performed
classification between influenza-A viral and CoVIDI9
pneumonia with an accuracy of 86.7%. On the same
lines, Wang et al. [44] used a modified inception model
instead of CNN to obtain 89.5% accuracy. Further, Hemdan
et al. [45] performed a comparative study of various deep
learning models on the chest X-ray images and reported
the best accuracy of 90.00%. However, Sethy et al. [46]
extracted deep features from the X-ray images and then
trained the support vector machine to classify between
positive and negative cases. The proposed model achieved
an accuracy of 95.38%. Further, Wang and Wong [47]
modeled a deep learning framework, COVID-Net, for
multi-class classification of chest X-ray images among
normal, bacterial infection, viral infection, and CoVID19
infection. This study achieved an accuracy of 83.5%. For
similar classes, Farooq and Hafeez [48] utilized a pre-
trained ResNet-50 architecture and reported an accuracy of
96.23%. Further, Maghdid et al. [49] employed supervised
methods on features obtained through AlexNet and obtained
an accuracy of 94.00%. In literature, GSA has been
modified or hybridized with different characteristics to
improve its performance on various types of non-linear,
non-differentiable, and large search space problems. Shaw
et al. [50] used the concept of opposition-based learning
to propose opposition-based GSA (OGSA), which achieved
better solution precision. Chatterjee et al. [51] applied
the wavelet theory in GSA and presented enhanced GSA
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(EGSA(I)) to improve the exploration ability. In [52],
Mirgjalili et al. introduced enhanced GSA (EGSA(ID)) in
which the velocity parameter incorporates the exploitation
feature of PSO. Sarafrazi et al. [53] introduced enhanced
GSA (EGSA(II)), which modified the position parameter
with disruption operator. Moreover, a modified GSA was
proposed by Niknam et al. [54] by incorporating a self-
adaptive mutation method in GSA. Li et al. [55] introduced
chaotic behavior in the position equation and presented
a chaotic gravitational search algorithm (CGSA). Mirjalili
et al. [56] proposed adaptive gbest GSA (GGSA) to improve
the exploitation at later iterations. Further, Khajehzadeh
et al. [57] employed an adaptive maximum velocity
constraint in the modified gravitational search algorithm
(MGSA()). The modified gravitational search algorithm
(MGSA(I)) [58] uses the chaotic operator to prevent
premature convergence. In piecewise-GSA (PGSA), Li et
al. [59] modified the gravitational constant with piecewise
equation. Similarly, Li et al. [60] proposed a weighted
inertia mass for each object to accelerate convergence.
To reduce the centre bias behavior of GSA, Davarynejad
et al. [61] introduced a mass-dispersed gravitational
search algorithm (mDGSA). Moreover, a chaotic Kbest
gravitational search algorithm (CKGSA) [62] introduces
chaotic behavior based on logistic mapping in Kbest
function. It makes GSA escape the local optima as
chaos behavior has shown better-searching behavior than
stochastic [58, 63]. However, chaotic behavior is dependent
on initial conditions which make this biased towards the
initial settings. Mittal et al. [64] proposed logarithmic
Kbest GSA (LKGSA) in which Kbest function decreases
logarithmically which results in allowing heavier objects to
exert force for more number of iterations. However, LKGSA
performs exploration for a few iterations only. It diminishes
the ability of the LKGSA to explore the search space
exhaustively. Further, exponential Kbest GSA (EKGSA)
[65] defines the exponentially decrease in Kbest which
allows Kbest function to perform exploration at an early
stage and exhaustive exploitation at the later stage. Although
EKGSA shows exhaustive exploitation at later iterations,
the convergence precision still lacks.

Fig.3 A typical convolutional
neural network (CNN) [71]
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3 Preliminaries
3.1 Transfer learning as feature extraction

The availability of limited labeled data for a problem
domain always leads the training of a deep learning model
towards overfitting, especially when the number of samples
in the data is much smaller in comparison to the data
dimensionality [4]. Moreover, it has been witnessed in the
literature that the performance of the raw deep learning
model is not significant on CoVID19 images even if
strategies like fine-tuning [66] and data augmentation [67],
are applied to reduce the problem of limited or imbalanced
data. To resolve this, the concept of transfer learning,
termed as transfer learning as feature extractor (TLFE),
is employed in which a pre-trained deep learning model
learned on a cross-domain dataset is used as a feature
extractor for the current dataset [4]. The extracted features
are low in dimension, which is further utilized with other
learning models to perform the classification. This strategy
of transfer learning advantages the learning processing
in many ways, such as overcoming overfitting, reducing
computational time, and decreasing required resources
[13]. Generally, there are two types of deep learning
models, namely the convolutional neural network (CNN)
and recurrent neural network (RNN). RNN models are
better in understanding the textual data while CNN models
are efficient in encoding the visual patterns from images
[68]. Therefore, a pre-trained CNN model is utilized to
extract the feature vectors from the image dataset.

3.1.1 Convolutional Neural Network (CNN)

In a CNN [69], there are generally four kinds of
layers, namely convolutional layer, non-linear activation
layer, pooling layer, and fully-connected layer. Different
combinations of these layers present different CNN models.
Along with these layers, different CNN models use different
classification layers, like sigmoid or softmax, to perform
the classification task. Figure 3 depicts the architecture of
AlexNet model for image classification. There are many
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pre-trained CNN models publicly available for TLFE like
AlexNet, VGG, ResNet, Inception, and MobileNet. [70]. In
general, the convolutional layer performs the convolution
operation of filtering the image features by applying ‘K’
kernels. The output generated from this layer is termed as
feature maps. The non-linear activation layer brings non-
linearity in the system by applying non-linear, continuous,
and differential functions such as sigmoid, tanh, and
rectified linear unit (ReLU). Generally, CNN prefers ReLU
for a non-linear activation layer whose mathematically
formulation is defined in (1).

f(x) = max (x, 0) ey

where, f(x) corresponds to the output ReLU function for
the input value x. It can be observed that ReLU returns 0 if
x is less than 0, else it attains x only. Figure 4 illustrates the
same functioning of ReLU.

Further, the pooling layer is applied in CNN to perform
down-sampling and fetch important structural features
through either max-pooling or average-pooling. Max-
pooling computes the maximum value in the considered
region of an image while average-pooling calculates
the average value over the studied region. Usually, a
filter of size 2 x 2 is moved around the image to
perform down-sampling. Moreover, it has been observed
in the literature that the max-pooling layer is more
efficient than the average-pooling layer in CNN models
comparatively. Lastly, the fully-connected layer, alias dense
layer, corresponds to the layer in which each node receives
input from each node of the previous layer. To apply
this layer in CNN, a flattening operation is performed
first, which transforms visual features into feature vectors
which are generated from the combination of convolutional,
non-linear activation, and pooling layer. After that, CNN
employs a set of fully-connected layers till the last layer,
i.e. classification layer. The classification layer evaluates
the probability and maps the computed feature vectors to

RelU Activation Function

10 A1

Y Axis

max(0,x)

100 -75 -50 -25 00 25 50 75 100
X Axis

Fig.4 Rectified Linear Unit (ReLU) [72]
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class labels. If the classification problem is binary, then
the sigmoid function is usually applied in the last layer,
else softmax function is used for multi-class problems. To
perform the feature extraction, the last layer of a pre-trained
CNN model is truncated and the remaining combination of
layers, i.e. convolutional, non-linear activation, pooling, and
fully-connected, are used to extract the feature vector.

3.2 Gravitational Search Algorithm (GSA)

In GSA, a swarm of solutions is considered to update
the solutions collectively. It assumes every solution as an
object and allows them to interact with each other under
the gravitational force. Initially, GSA explores the search
space by allowing a high number of objects for interaction
and linearly decreases the number of objects to perform
exploitation. Specifically, the search strategy is controlled
by the Kbest function. The larger value of this function
represents exploration, while its lower value corresponds to
the exploitation of GSA. Moreover, the fitness of an object
determines its mass, and thus, a heavier object means a
better solution with better fitness. Hence, GSA converges
every object towards the heaviest one based on the laws of
gravity and motion. Moreover, the position of the heaviest
object corresponds to the optimal solution of the considered
problem.

Assume there are P objects in a d dimensional space,
each object (X;) can be represented as (2).

1 r
Xi =0, ey Xy

il i=1,2,.., P )

where, x;” corresponds to the position of i’ object in the
' dimension. The position of the i’ object at " iteration
is updated according to the (3).

xit+ 1D =xi @)+ v+ 1). 3)

In (3), vi (¢ + 1) corresponds to the updated velocity of
i object at 1" iteration and computed by (4).

v/ (t + 1) = rand; x v} (t) +a; (1), 4)

According to the law of motion, the acceleration (a; (¢))
of each object is computed which is formulated in (5) for i*"
object at 1" iteration.

Fl (1)
M;(@t)’

a; (t) = ®)
here, F (t) and M;(t) correspond to the total force and mass
of i object at " iteration respectively.

GSA assumes gravitational mass and inertia mass of
an object equal. Therefore, M; is calculated in every
iteration ¢ by (6) for i th object with fitness value (fit;(t))
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where best(t) and worst(t) are measure by (8) and (9)
respectively for minimization problem.

M;(t) = m,—(t) (6)
N mi@
mi (1) = l{iti (t) —worst(t) ’ ™
est(t) — worst(t)
best(t) = je{rflj.r.l,P} fitj(1) 8)
worst(t) = nllax fitj(t) ©)]
J

e{1,..., P}

Moreover, the total force F/ (¢) is defined as a randomly
weighted sum of the force by other Kbest objects in r'"
dimension and is defined as (10).

Kbest
Fl(t)y= > rand;F; (1), (10)
j=Li#i
where, rand; € [0, 1] is a random number. F;; is the force
of j! object on i’ object and is computed by (11).
M; (1) x Mj (1)

Fij" (1) = G(@) R T e
ij

(x (1) — x; (1)) an

In (10), K best is computed as (12) at ™" jteration.

1—1
Kbest(t) = finalper+< - )x (100— final_per),
max _it
(12)

where max_it is the maximum number of iterations and
final_per is the percentage of objects which apply force
to others. Equation (12) shows that the value of Kbest
decreases linearly over iterations. To illustrate the trend of
the Kbest function, Fig. 5 depicts the number of iterations
along the x-axis and values attained by this function along
the y-axis. It is observable from the figure that the Kbest
function decreases linearly. At the end of the stopping
criteria, the position of the heaviest object among the K best
objects defines the optimal solution. The pseudo-code of
GSA is presented in Algorithm 1 [73].

Kbest

| 1 | 1 | | | | |
0
0 100 200 300 400 500 600 700 800 900 1000

Iterations

Fig.5 Kbest over iterations

Algorithm 1 Gravitational Search Algorithm (GSA) [73].

Input: Let P be the number of objects in d-dimensional space.
Assume initial value of gravitational constant (Gy).
Output: Position of heaviest object corresponds to optimal

solution.

Randomly initialize the population;
while termination condition does not meet do
Compute the fitness (fit), G, and mass (M);

Compute K best as:

1:
2:
3
4.
5 Kbest(t) = P x final_per+(1—#%(‘))X(loo—final_per)’
6.
7
8

Compute acceleration (a);
Update the velocity (v);
: Update the position (x) as:
9: xt+1D)=x@)+v@E+1)
10: end while

4 Proposed method

This paper presents a new clustering method, Kmeans-
based improved gravitational search algorithm clustering
(KIGSA-C) method, for the diagnosis of CoVID19 from
medical chest images i.e., X-ray, CT-scan, and Ultrasound
images. Figure 6 presents the architecture of the proposed
method. First, the publicly available medical images of
the infected and non-infected persons are collected. Then,
the visual quality of all the collected images is improved
through pre-processing. Here, standard normalization tech-
niques of image processing are applied. Next, the feature
extraction phase is performed in which a pre-trained CNN
model acts as TLFE and aids in extracting prominent deep
features for each input image.

Since the initial population of a metaheuristic algo-
rithm is initialized randomly, this may impact the algo-
rithm convergence as well as may lead it to local optima.
Therefore, the extracted features are optimally clustered
through Kmeans-based improved gravitational search algo-
rithm (KIGSA). In KIGSA, the solutions obtained from
Kmeans are used for the population initialization of the
proposed variant, improved gravitational search algorithm
(IGSA). Further, the proposed IGSA updates the solutions
to obtain optimal cluster centroids. The objective function
considered by IGSA to obtain the optimal solution is the
sum of squared Euclidean distance between the features
and corresponding cluster centroid. Further, (13) equates
the mathematical formulation for the considered objective
function.

n N
Argminc,, ... C;,-,Cp) Z Z (Ci — Xj)z (13)
i=1 j=1

where, C; and x; correspond to the i’ cluster centroid and
j! feature vector, respectively. Moreover, N represents the
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Fig.6 The workflow of the proposed method

number of feature vectors, while n depicts the number of
clusters to be formed. As the diagnosis of CoVID19 is a
binary classification problem, the number of formed clusters
is two. Finally, the obtained optimal cluster centroids are
used to perform the mapping of input image features with
labels. Further, the pseudo-code of the proposed method is
described in Algorithm 2. The proposed variant, improved
gravitational search algorithm (IGSA), is detailed in the
following section.

Algorithm 2 Proposed KIGSA-C method.

Input: Let X be the set of medical images.
Output: Predicted classes for each image in X.

1: Perform TLFE on X to obtain feature vectors;

2: for each individual of KIGSA do

3: Generate K cluster centroids through Kmeans;

4 Compute the fitness (fit) using the considered objective
function;

end for

while termination condition does not meet do
Update each individual according to proposed IGSA;
Compute the fitness (fit) using the considered objective

function;

9: end while

10: Identify the global best as optimal cluster centroid;

11: Use the optimal cluster centroid to cluster the feature vectors;

12: Predict the label for each feature vector.

4.1 Proposed improved GSA (IGSA)

In GSA, the K best function regulates the trade-off between
exploration and exploitation. This function determines the
‘K’ number of best solutions which apply the gravitational
force in an iteration and its value decreases linearly with
increasing iterations. Hence, the transition from exploration
to exploitation in GSA is linear [74]. Moreover, in later
iterations, the small value of Kbest results in reduced
exploration ability [75]. Henceforth, the probability of GSA
to trap into local optimum increases [76] which results
in lacking the ability to achieve better solution precision.

@ Springer
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To alleviate the same, a novel variant of GSA, improved
gravitational search algorithm (IGSA), is proposed in which
the K best function is modified. Equation 14 formulates the
mathematical definition of the new Kbest function at "
iteration.

¢ (1/ final_per)
Kbest(t) = P — (P X (( - ) )) (14)
max_t

where, P, max_it and final_per correspond to population
size, maximum iterations, and minimum percentage of
objects, respectively. Further, Fig. 7 illustrates different
values attained by the modified K best over 1000 iterations
for P as 50.

It can be observed from Fig. 7 that modified Kbest
does not decrease linearly. Moreover, it starts favouring
exploitation over exploration after a few iterations. It results
in achieving better solution precision as heavier objects
exploit the search space over more iterations comparatively.

4.2 Time complexity of KIGSA-C method

The time complexity of the proposed method to perform
clustering is defined as follows:

® The time complexity of Kmeans is O(N x k x 1)
where N, k, and ¢ correspond to the number of feature
vectors, number of clusters, and number of iterations
respectively.

Kbest value

0 200 400 600 800 1000
Iteration Number

Fig. 7 Modified K best over iterations
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® As IGSA is a variant of GSA, the time complexity is
similar to GSA which is O(P?) [77], where P is the
population size.

® The considered objective function has the computation
complexity as O(N X k).

Further, each individual of KIGSA-C method is initialized
with Kmeans and updated according to IGSA based on the
defined objective function. Therefore, the time complexity
of the proposed method is defined as O(N x k x t + P2 + N
x k).

5 Experimental results

The experimental evaluation is conducted in two sections.
Section 5.1 performs an extensive analysis of the proposed
variant against recent metaheuristic algorithms. Two sets
of benchmark functions, namely Standard benchmark
functions (F; — F17) and IEEE Congress on Evolutionary
Computation (CEC), 2013 benchmark functions (Ci —
Cyg), are considered which include unimodal, multimodal,
and real parameter single-objective optimization problems
of IEEE Congress on Evolutionary Computation (CEC),
2013. Section 5.2 studies the efficiency of the proposed
clustering method over three publicly available medical
chest image datasets for CoVID19, namely X-ray, CT-scans,
and Ultrasound images. All experiments are simulated using
a computer with a 2.35 GHz Intel Core i5 processor and 16
GB of RAM with Matlab 2017a.

5.1 Performance analysis of IGSA

Table 1 describes the first set (S7) of benchmark functions
consisting of (F) — Fj7) functions [27] along with their
definitions, range of features, global minimum fitness,
optimal position values, and categories. Moreover, to
validate the robustness, the second set (S2) contains
(C1 — Cyg) real-parameter single-objective unconstrained
optimization functions [78] which are briefed in Table 2.
The performance has been evaluated and statistically
analyzed in terms of mean fitness value, Friedman test,
and box-plot. To perform the comparative analysis, the
new variant have been compared with standard GSA and
nine variants of GSA, namely OGSA [50], mDGSA [61],
GGSA [56], PGSA [59], MGSA(I) [57], MGSA(D) [58],
EGSA() [51], EGSA(ID) [52], and EGSA(IID) [53]. The
comparison also includes the performance results with three
recent metaheuristic algorithms, namely modified particle
swarm optimization (MPSO) [79], shuffled differential
evolutionary (SDE) [80], and spiral biogeography based
optimizer (SBBO) [81]. Moreover, the algorithms are
evaluated over 10, 30, 50, and 90 dimensions for

each benchmark function. 30 run of each experiment is
conducted to minimize the interference [82]. Table 3 details
the parameter settings of all the considered algorithms
which are taken from their respective literature. The
parameter values of the proposed algorithm have been
decided empirically by testing its performance on different
parameter values of standard GSA algorithm.

Tables 4 and 5 tabulate the mean fitness values of the
considered algorithms for S7 set (F; — Fjp) and (F1 —
F17) respectively. Furthermore, Tables 6, 7, and 8§ show
results on the S set (C; — Cig), (Ci1 — Cpp), and
(Cy1 — Cyg) respectively. In tables, best values are made
bold. It can be observed that the IGSA has shown better
results comparatively. On S; benchmark functions, IGSA
obtained superior results on 53%, 71%, 59%, and 65%
of 17 problems for each 10, 30, 50, and 90 dimensions
respectively. While on the S> problems, IGSA outperformed
compared algorithms on 54%, 61%, 50%, and 58% out of
28 problems on the respective dimensions. Thus, it can be
seen that IGSA attains better trade-off between exploration
and exploitation on different complexities functions.

To wvalidate the IGSA statistically, Friedman’s test
[83] has been conducted between IGSA and considered
algorithms. Friedman’s test is a non-parametric statistical
test and has been performed by considering the mean fitness
values over 30 runs for each benchmark function in the
S1 and S, sets and results are presented in Tables 9 and
10 for each considered dimension. Generally, Friedman’s
test considers two hypotheses, namely null hypotheses and
alternative hypotheses. The null hypothesis (HO) refers to
that there is no significant difference among the samples

Table 3 Parameter settings of the considered algorithms

Parameter Value
Number of runs 30
Population size (P) 50
Maximum iterations 1000
Number of dimensions (Dims.) 10, 30, 50, 90
MPSO

Inertial Constant (w) 0.5
Congnitive Constant (c1) 0.6
Social Constant (cp) 0.4
SDE

Weighting Factor (F) 0.3
Crossover Constant (CR) 0.7
SBBO

Habitat modification probability 0.8
Immigration probability 0.7
Mutation probability 0.005
GSA and its variants

Gconstant (Gg) 100
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(continued)

Table 6

MGSA(I) EGSA(I) EGSA(I) EGSA(II) LKGSA CKGSA EKGSA  IGSA

MGSA(I)

D MPSO SDE SBBO GSA OGSA mDGSA GGSA PGSA

Fn.

1.277E+00 4.153E+00 4.749E+00 3.094E+00 1.235E+00 4.521E+00 2.244E+00 5.326E+00

6.045E4+00 3.393E+00 5.462E+00 9.247E+00 3.953E+00 9.445E+00 4.394E+00

2.702E+01 3.180E+01

1.006E+01
3.664E+01

10 2.995E+00
30 2.329E+01
50 5.366E+01
90 8.534E+01
10 4.863E-01
30 7.972E-01

Co

7.025E+00
3.470E+01

1.770E+01

5.818E+01

3.043E+01
6.122E+01
1.272E+02

3.073E+01 3.670E+01
6.126E+01

3.524E+01

3.474E+01

3.394E+01 4.320E+01

4.555E+01

3.894E+01 4.549E+01
7.011E+01 8.044E+01

3.357E+01
1.383E+02

7.380E+01
1.520E+02

7.626E+01

6.768E+01 2.560E+01 6.194E+01 6.561E+01
1.262E+02 5.238E+01

3.500E-01

7.667E+01

5.396E+01 5.875E+01

7.458E+01

1.270E+02 5.288E+01

1.571E+02

1.367E+02 1.386E+02 1.290E+02

1.135E+00

1.530E+02

1.579E+02

1.299E+02

1.323E+02 7.927E+01

7.775E-02

1.642E-03  6.408E-02 7.620E-04

1.455E+03 4.704E-03 4.617E-02

1.199E+04 7.273E+02

1.363E+00 4.833E-03  6.736E-02

2.030E-03

1.431E+00 3.817E-03 8.453E-02 2.175E-03 2.281E+00 4.927E-01

2.016E+00 9.297E-02 5.462E+01

1.811E+01

Cio

1.255E-02

1.118E-01
1.339E+03

1.604E+03 5.505E+03 6.161E+00 6.020E+00

1.449E+04 6.251E+03 5.076E+03 3.419E+01

2.127E-02  9.037E+03 8.459E+02

3.548E+01

1.066E+03 2.218E-01

1.499E+03

1.931E+03

1.146E+04 3.437E+03

1.548E+03

1.598E+03

1.548E+02
90 2.880E+02

50

1.127E+04 9.888E+03 9.913E+03 3.147E+04 5.191E+03 7.737E+03 8.643E-02

1.425E+04 3.096E+04 2.054E+04 1.486E+04 4.381E+02

9.661E+03 3.270E+04

1.273E+03 4.547E+01

Bold font : Best value

and the alternative hypothesis signifies that all samples are
significantly different. In the tables, p-value is less than the
considered significance level, i.e. « = 0.05 which indicates
that the null hypothesis (HO) is rejected. Moreover, IGSA
attained minimum mean rank value among the comparative
algorithms in all tables. Therefore, it is perceptible that
there is a significant difference between IGSA and other
algorithms for both sets over 10, 30, 50, and 90 dimensions.

Further, box-plots have been drawn to analyze the
consistency of the new variant for different dimensions in
terms of the average failure rate. Failure rate corresponds to
the number of runs in which an algorithm fails to achieve
the optimum value. To count the same, the considered
algorithms have been executed 30 times where each
execution consists of 30 runs. Figure 8 illustrates the box-
plots over different dimensions i.e. 10, 30, 50, and 90. The
considered algorithms are depicted on the horizontal axis,
while the average failure rate is denoted on the vertical
axis. In the figures, IGSA is comparatively more consistent
with small interquartile range and medians. Therefore, it is
pertinent from experiments that IGSA attains better global
and local search balance along with high precision.

5.2 Experimental analysis of the proposed
clustering method

The experimental analysis of the proposed clustering
(KIGSA-C) method for CoVID19 diagnosis is evaluated
on three types of chest images, namely X-ray, CT-scan,
and Ultrasound. Table 11 tabulates the considered datasets
for the three types of chest images. In the X-ray dataset,
there are 234 chest images of CoVID19 patients that
are publicly available on [84]. A similar count of non-
CoVID19 images is considered from a publicly available
dataset which consists of chest X-ray of patients who
are infected from other viral and bacterial pneumonia
like, MERS, SARS, and ARDS [85]. Further, four CNN
models namely, DenseNet-161, ResNet-34, VGG-16, and
MobileNet-V2 are considered to perform feature extrac-
tion as they have top-5 error value as less than 10 [70].
For feature extraction, the last layer of these pre-trained
models is truncated and the remaining combination of
layers, i.e. convolutional, non-linear activation, pooling,
and fully-connected, are used to extract features. Table 12
tabulates the considered CNN models for TLFE along with
the number of extracted features. After extracting the deep
features, optimal cluster centroids are obtained through the
KIGSA-C method which is used to label the considered
images in two categories, namely CoVID19 and non-
CoVIDI19. As labeled dataset is used for experimentation,
the performance of the proposed method can be evaluated
on different classification parameters, such as accuracy,
precision, and Fl-score, by comparing the predicted label
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with actual label [42]. Moreover, the results of the proposed
KIGSA-C method is compared against two methods, i.e.
Kmeans and Kmeans-based gravitational search algorithm
clustering (KGSA-C). Table 13 tabulates the confusion
matrices between CoVID19 and non-CoVID19 classes
for the considered methods over different TLFE models.
Bold entries present the best values. From Table 13, it is
observable that the proposed method identifies more than
98.5% of the CoVIDI19 images correctly. Moreover, the
false-positive rate of the proposed method is comparatively
low than the other methods. In terms of false-negative, the
KIGSA-C method attained competitive results. For better
visualization comparison, the classification accuracy of the
considered methods on the X-ray dataset is plotted as bar-
chart in Fig. 9. In the figure, X — axis denotes the names of
the method while Y —axis represents the obtained accuracy.
From the figures, it can be claimed that the proposed
KIGSA-C method outperforms other considered methods
with a margin of more than 1% approximately. Further,
the performance of the proposed method is evaluated
on four more parameters, namely sensitivity, specificity,
precision, and F1-score. The formulation of each parameter

Table 11 Considered CoVID19 datasets

Type of Ref.
chest image

X-ray [84, 85]
CT-scan [86]
Ultrasound [87]

is expressed in (15) — (18) respectively [88]. Table 14
presents the results of the considered methods on the studied
parameters for X-ray images. The bold represents the best
value. It can be observed for the table that the proposed
method has consistency in the results.

true positives

Sensitivity = — - (15)

true positives + false negatives
true negatives

Specificity = uenes ____ (16)

true negatives + false positives
o true positives
Precision = — — (17)
true positives + false positives

precision * recall

Fi score =2 % (18)

precision + recall

Further, the performance of the considered methods is
examined on CT-scan and Ultrasound images. The CT-
scan dataset referred from a publicly available resource
[86]. This dataset consists of 392 CT-scan images of
CoVID19 patients with an equal number of non-CoVID19

Table 12 Details of the considered TLFE models taken from [70]

Model Top-5 Number of extracted
error features

DenseNet-161 6.2 2208

ResNet-34 8.58 512

VGG-16 9.62 512

MobileNet V2 9.71 1280
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Table 13 Confusion matrix for X-ray images
DenseNet-161 ResNet-34 VGG-16 MobileNet-V2 Method
Classes CoVID19 non- CoVID19 non- CoVID19 non- CoVID19 non-
CoVID19 CoVID19 CoVID19 CoVIDI19
CoVID19 0.9787 0.0213 0.9702 0.0298 0.9660 0.0340 0.9830 0.0170 Kmeans
0.9830 0.0170 0.9872 0.0128 0.9702 0.0298 0.9915 0.0085 KGSA-C
0.9872 0.0128 0.9915 0.0085 0.9872 0.0128 0.9957 0.0043 KIGSA-C
0.1021 0.8979 0.0383 0.9617 0.0511 0.9489 0.0255 0.9745 Kmeans
non- 0.0936 0.9064 0.0255 0.9745 0.0383 0.9617 0.0213 0.9787 KGSA-C
CoVID19 0.0766 0.9234 0.0213 0.9830 0.0340 0.9660 0.0213 0.9787 KIGSA-C
Fig.9 Classification accuracy
of considered methods on X-ray B
dataset 0.99
0.98
0.97
0.96
0.95
0.94
0.93
0.92
0.91
DenseNet-161 ResNet-34 VGG-16 MobileNet-v2
® Kmeans ™ KGSA-C ™ KIGSA-C
Table 14 Performance of considered methods on classification parameters for Xray images
Model Parameters Kmeans KGSA-C KIGSA-C
DenseNet-161 Sensitivity 0.9055 0.9130 0.9280
Specificity 0.9769 0.9816 0.9864
Precision 0.9787 0.9830 0.9872
F1-score 0.9407 0.9467 0.9567
ResNet-34 Sensitivity 0.9620 0.9748 0.9790
Specificity 0.9700 0.9871 0.9914
Precision 0.9702 0.9872 0.9915
F1-score 0.9661 0.9810 0.9852
VGG-16 Sensitivity 0.9498 0.9620 0.9667
Specificity 0.9654 0.9700 0.9870
Precision 0.9660 0.9702 0.9872
F1-score 0.9578 0.9661 0.9768
MobileNet-V2 Sensitivity 0.9747 0.9790 0.9791
Specificity 0.9828 0.9914 0.9957
Precision 0.9830 0.9915 0.9957
F1-score 0.9788 0.9852 0.9873
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Table 15 Performance comparison of considered methods on CT-scan and Ultrasound dataset

Dataset Methods Sensitivity Specificity Precision F1-score Accuracy

CT-scans Kmeans 0.6385 0.6077 0.5587 0.5959 0.6212
KGSA-C 0.6561 0.6233 0.5791 0.6152 0.6378
KIGSA-C 0.6628 0.6293 0.5867 0.6225 0.6441

Ultrasound Kmeans 0.9751 1.0000 1.0000 0.9874 0.9872
KGSA-C 0.9792 1.0000 1.0000 0.9895 0.9894
KIGSA-C 0.9874 1.0000 1.0000 0.9937 0.9936

CT-scans. For the Ultrasound dataset, the publicly available
images from [87] are considered. It is a relatively small
dataset that consists of 19 images in the CoVIDI9
category and 14 images in the non-CoVID19 category.
Further, MobileNet-V2 is employed for feature extraction
as considered methods have reported comparatively better
results on it in Table 13. Table 15 depicts the performance
of considered methods in terms of sensitivity, specificity,
precision, Fl-score, and accuracy. Here, bold value depicts
the best value. It is interesting to note that the results of the
proposed method on CT-scan images are quite promising in
comparison to other methods, despite there is high similarity
between CT-scan images of CoVID19 and non-CoVID19
[see Figs. 1b and 2b]. On the Ultrasound dataset, the
specificity and precision of all the methods are 1. Moreover,
the proposed method attained the highest accuracy, i.e.
99.3%. Thus, it is pertinent from experiments that KIGSA-C
is efficient among all considered methods and may be used
as an alternative tool to diagnose CoVID19 from medical
images.

6 Conclusion

In this paper, a new clustering method, Kmeans-based grav-
itational search algorithm clustering (KIGSA-C) method,
has been introduced for the diagnosis of CoVID19 from
the medical images. Although many supervised models
exist in the literature, the generalization of these models
may suffer due to the limited availability of datasets. To
remedy the same, a new clustering is presented. In the
proposed method, features are extracted from the consid-
ered images through a deep learning model. The extracted
features are further optimally clustered through a novel vari-
ant, improved gravitational search algorithm (IGSA). The
obtained optimal cluster centroids are then used to per-
form the labeling of the considered images into CoVID19
and non-CoVID19. Further, the proposed variant, IGSA,
has been validated against 16 recent metaheuristic algo-
rithms over two sets of benchmark functions belonging to
the three types of problems, namely unimodal, multimodal,

@ Springer

and real parameters single-objective optimization problems
of IEEE Congress on Evolutionary Computation (CEC),
2013. The experimental performance has been evaluated
over four different functional dimensions, i.e. 10, 30, 50,
and 90 and studied in terms of mean fitness value, Friedman
test, and boxplot. It has been observed from experimental
results that IGSA has surpassed the considered algorithms
over the maximum number of benchmark problems in each
dimension. Moreover, the Friedman test has statistically
ranked the IGSA as the top algorithm among the consid-
ered algorithms. The analysis of the box-plots indicates that
the searching behavior of IGSA is better with consistency.
Thus, it can be concluded that IGSA achieves better pre-
cision with a balanced trade-off between exploration and
exploitation. Further, the performance of the new KIGSA-C
method has been evaluated against Kmeans and Kmeans-
based gravitational search algorithm clustering methods on
three types of medical chest images, namely X-ray, CT-
scans, and Ultrasound images. In experiments, the feature
extraction is performed through four pre-trained deep learn-
ing models, namely DenseNet-161, ResNet-34, VGG-16,
and MobileNet-V2. The experimental results are measured
in terms of sensitivity, specificity, precision, F1-score, and
accuracy. Experiments affirm that the proposed KIGSA-C
method is efficient and can be used as an alternative tool in
aiding the diagnosis of CoVID-19.

In the future, real-time datasets may be explored to
enhance the efficiency of the proposed model. Moreover,
it may be scaled upon a distributed framework to
reduce the computation time. Additionally, a parallel
version of the proposed method can be explored to
handle big datasets by employing architectures like spark
or Hadoop.
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