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Abstract: Recently many algorithms for allocation of power approaches have
been suggested to increase the Energy Efﬁciency (EE) and Spectral Efﬁciency
(EE) in the Distributed Antenna System (DAS). In addition, the method of conservation developed for the allocation of power is challenging for the enhancement because of their high complication during estimation. With the intention
of increasing the EE and SE, the optimization of allocation of power is done
on the basis of capacity of the antenna. The main goal is for the optimization
of the power allocation to improve the spectral and energy efﬁciency with the
increased capacity of the cable with the help of an efﬁcient optimal method with
the model of clustering. In order to attain optimized allocation of power and for
antenna optimization, the algorithm of Multi-scale Resource Grasshopper Optimization (MSR-GOA) is implemented. Besides, the clustering process is carried out
using the algorithm for clustering namely Discriminative cluster-based Expectation Maximization (DC-EM) so as to minimize the rate of interference and computing complication. The analysis of performance is employed for evaluating the
projected performance in various scenarios. The existing approach of investigation and comparison is made with the suggested system (DAS with MSRGOA-DC-EM) with respect to EE and SE. From the analysis, it was apparent that
the method projected here is highly efﬁcient to provide high spectral and energy
efﬁciency than the already available techniques.
Keywords: DAS; multi scale resource grasshopper optimization algorithm; power
allocation; spectral efﬁciency; energy efﬁciency; discriminative cluster-based
expectation maximization

1 Introduction
Recently, there was a considerable increase in the cellular network’s data trafﬁc. The development in the
system of data leads to the higher requirements on the cellular system infrastructure. Consequently, this is
declared as an imperative concern for passing on the effectiveness to cellular systems [1]. A lot of
researchers have presented distributed antenna systems (DAS) which in turn decreases the average
distance for accessing among the User Equipment’s (UE) and the Remote Access Units (RAUs) to
achieve the higher rate of data. This DAS is regarded to be the potential method in green contracting to
This work is licensed under a Creative Commons Attribution 4.0 International License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.
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improve the volume and to augment the Energy Efﬁciency [2,3]. Recently, EE has concerned substantial
concentration because of the utilization of the growing energy exponentially in the communication or
network using wireless. Besides wireless communication with energy efﬁciency recognized in the form
green communication which has turned out to be a conventional one for the future wireless communication
[4,5]. In the meantime, DAS was considered to be the key technology in green communication meant to
increase the coverage as well as for the enhancement of the energy efﬁciency EE [6].
To resolve the problem of power allocation several existing models were presented in the ﬁeld of DAS
communication. The time requirement for computing the allocation of power policy is very large. This is not
reasonable for the users in real life. So as to evade this issue there is a need to identify a good solution to
enhance the speed and to reduce the complication of computation. Nowadays several effective
applications have been attained by means of machine learning technologies in wireless communication.
So as to raise the SE and EE the research based on designing the actual power allocation strategy was
considered as a hotspot always. The optimization algorithm should be employed for getting better
efﬁciency. In this approach multi-scale resource grasshopper algorithm is utilized. Base station, number of
users in the base stations (BS) and the antenna are taken into consideration in this study. An effective
way for sharing resources to both nearest user and distant user equivalently is concerned. The efﬁciency
which is allocated should be offered to the users without considering the distance.
The main aim of this work is mentioned below as: increasing the EE and SE, the optimization of
allocation of power is done on the basis of capacity of the antenna. In order to achieve optimized
allocation of power and for the antenna optimization, MSR-GOA is developed. The clustering process is
carried out using the algorithm for clustering, namely DC-EM so as to minimize the rate of interference
and computing complication in a signiﬁcant manner. Power allocation in the Distributed Antenna System
should be optimal along with the rise in SE and EE.
The residual portion of the manuscript is ordered as shown. Section 2 is the deliberation of different
existing approaches presented so far related to DAS. Section 3 is the detailed narration of the proposed
strategy. The analysis of performance and the analysis of comparison of the suggested scheme is
illustrated in section 4. At last, the conclusion covers the overall work strategy.
2 Related Works
The brief narration on the various available techniques associated with the allocation of power strategy
and distributed antenna system is provided in this section.
The author in [4] examined the large perspective of association of machine learning technology and
wireless communications. In this method, the intention of machine learning was taken into account for
the Distributed Antenna System that was highly practical having low complexity of computation. [7]
presented a scheme of EE allocation of power on behalf of the downlink many users DAS. The intention
was to enhance the EE in the constraint on relative data rates and transmission of power for per antenna.
[8] informed two various optimization issues planned for Distributed Antenna System and D2D
communication. The main issue was increasing the spectral efﬁciency of Distributed Antenna System
with the support of D2D communication in a lower SE constraints of D2D and DAS pair, D2D highest
transmit power of the transmitter and each Remote Access Unit highest power of transmission. [9]
suggested a scheme of most reasonable allocation of power for DAS with Orthogonal Frequency Division
multiplexing (DAS-OFDM) in case of excessive frequency selection channel fading. [10] initiated a new
approach intended for integration of DAS and non-orthogonal multi access. A number of novel
techniques related to suboptimal allocation of power were presented. They were revealed to yield a secure
application to the optimal allocation of power. [11] presented a md (massively dense) DAS along with the
help of Virtual Cells. An energy efﬁciency related allocation of power policy was implemented in this

IASC, 2022, vol.34, no.2

1051

method. The interference of inter Virtual Cells is taken into the mdDAS downlink. Thus the issue could be
put together as a convoluted problem of fractional non convex programming. [12] discussed three different
objectives for optimization of Distributed Antenna System. The sum rate is enhanced in the requirement
of the system associated with lower spectral efﬁciency conditions and the Remote Access Unit power of
transmission completely. The power of transmission is reduced and the reduction in spectral efﬁciency of
system needs and every Remote Access Unit power of transmission entirely. For improving energy
efﬁciency and satisfying the lower needs of spectral efﬁciency of the system and the overall transmission
power of Remote Access Unit. [13] projected an aim of increasing the ergodic secrecy rate using the
optimization of power allocation for each and every Remote Antenna in the condition of power of per
antenna. [14] aimed at solving the maximization of Energy Efﬁciency complexity for sending many users
in a Multiple Input Single Output (MISO) DAS. [15] recognized a communication of mm-wave as a
candidate method. Distributed Antenna System consists of a Base Station BS which is connected to
several Remote Radio Units RRU declared to enhance the energy efﬁciency. [16] examined the issues
associated to various optimization of allocation of power along with the interferences of Distributed
Antenna System with and lack of user centric method of Virtual Cells correspondingly. [17] suggested
antenna packed together with 3d resolution to produce automotive parts. Wireless LAN, LTE and GPS
are included in the solution of antenna, in the WAVE Wireless Access Vehicular Environment
correspondingly. [18] intended to increase the EE that was mentioned as ratio of rate of transmission for
the consumption of total power to the highest power transmission for the requirement of remote antenna
and Quality of Service constraint. [19] introduced EE enhancement scheme that was deﬁned by the mean
rate ratio of the transmission was deﬁned as ratio of mean rate of transmission to the sum of power
consumption. Depending on this, a scheme of optimal Energy efﬁciency Power Allocation was improved
for the DAS by choosing antennas over many fading channels. [20] investigated the enhancement of
Energy efﬁciency issues in the DAS along with a laid communication of device-to-device. The optimization
of EE depends on the CSI (Channel State Information) along with D2D pairs and Cellular UE (User
Equipments) interference. [21] presented a method of optimization in the transmission covariance to
increase EE for only one user Distributed Antenna System, wherever the user and Remote Access Unit
were together armed with the many antennas. Unlike preceding works, the rate of requirements and the
choosing of Remote Access Unit were considered. There were several techniques employed so far, however
there is a need to overcome the issues addressed in existing techniques like reduced spectral and energy
efﬁciency. This is made possible by the implementation of some effective approach.
3 Proposed Work
The proposed mechanism function with their overall ﬂow is deliberated in a detailed manner in this
section. Initially, the initialization of parameters is made by the generation of a system model on
considering the cellular user’s number with their locations. After that, the process of optimization is
carried with the use of MSR-GOA technique at which the multiple objective function is thus estimated on
the updation of individual grasshopper’s position. Based on the closeness probability degree and the
Gaussian probability, the multi-objective function is evaluated. The best position will be reached once the
population size exceeds the maximum number of iterations and thereby the present position will be
declared as the old best position. If there is failure in this condition, then the process will get repeated till
the condition is satisﬁed. Lastly, the process of clustering is carried from this optimized outcome with the
use of the DC-EM algorithm at which the computation of log likelihood is carried on the evaluation of
posterior probability. Finally, the prediction of suitable unique BS serving is done and the allocation of
subcarrier power is carried with the use of Lagrange Multiplier. From this, the capacity of the antenna
and energy efﬁciency (EE) are enhanced. The performance was estimated for the proposed system which
is then compared with existing technologies to prove the effectiveness of the proposed strategy.
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A. Initialization of parameter
Information about the base station, no of users, and the cellular radius at which the users are surrounded are
initialized at this step. Depending on the radius, the radius r will be taken as 1000, with no base station as 5 with
50 number of users. Also, the minimal requirement of spectral efﬁciency, noise power, optical ﬁber power, static
and dynamic power, path loss exponent α, drain efﬁciency and transmitter’s maximum power were too initialized.
These constraints are regarded as the system model having speciﬁed radius with coordinates x and y.
A DAS downlink scenario is being considered in this approach. There exists M number of remotes access
units (RAUs) that have one antenna and L number of cellular UEs together with single antenna structure in DAS.
The deployment of M numbers of RAUs are made in the cell uniformly and are correlated to the central base
station (BS). After that, the L number of UEs are randomly distributed in the cell and it is represented in
Fig. 1 given below. Likewise, hm,l is being employed for representing the channel’s frequency response
among mth RAU and lth UE that encompasses of huge-scale and small-scale fading and is expressed as shown:
Hm;l ¼ gm;l wm;l

(1)

Figure 1: System model
Here,
wm,l denotes a large-scale fading and is independent of gm,l.
gm,l denotes a small-scale fading among mth RAU and lth UE.
A representation of system model is provided in Fig. 1 as given below:
According to the coordinates created, the identiﬁcation of distance is made by means of shadow fading
by employing typical notation for distance estimation as follows:
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2
(2)
DistanceðdÞ ¼ ðx1  y1Þ2 þ ðx2  y2Þ2
As per the values of distance estimated, the small-scale fading and mean power value is assessed. The
estimation of channel gain based on the chosen coordinates x and y employed in acquiring large-scale fading
values. As the initialization of parameter and conﬁguration of the system is made, then the cellular user’s
number along with its location is being updated. Then, the process of optimization is carried out with the
use of MSR-GOA.
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Figure 2: Overall ﬂow representation of proposed scheme
B. Multi-scale resource Grasshopper optimization (MSR-GOA)
Typically, the MSR-GOA algorithm has the ability to attain a better solution with some reasonable time frames.
The proposed technique analysis includes convergence speed, exploitation ability and the ability of exploration.
In this optimization process, maximum iteration is taken as 1500. The parameters that are to be considered
for this are as follows: number of search agents, maximum iteration, upper and lower bound dimension, search
agent number and the distance assessed (X and Y coordinates, power and no of base stations). From this, the
optimization method is carried out through the estimation of ﬁtness function which thus determines the SE and
EE enhancement. The evaluation of ﬁtness function is carried for the estimation of optimal values at which the
distance or closeness is identiﬁed for attaining enhanced efﬁciency. The best ﬁtness function value computation
is illustrated in the below provided algorithm. The optimization technique is carried out with the use of a MSRGOA process. Once the initialization of parameters is made with random grasshoppers’ population, then based
on the closeness probability degree and the Gaussian probability, the multi-objective function is evaluated. The
best position will be reached once the population size exceeds the maximum number of iterations and thereby
the present position will be declared as the old best position. If the condition is not satisﬁed, then the process
gets repeated till it reaches the required condition. The algorithm for this process is illustrated below
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Algorithm 1: Optimization process using MSR-GOA algorithm
Input: user distance disu
Output : value optimized Optval
Step 1: initialization of parameters,
Cellular radius radc
Number of base station bs
Number of users Nuser
Noise power Npow
Max amount of power transmitted Pmaxim
Path loss exponent αpath
User x ¼ rand ð1; Nuser Þ  ðradc  2Þ
User y ¼ rand ð1; Nuser Þ  ðradc  2Þ
Step 2: Initialize System channel model
Channel length lenc
Channel scale fading cf = randi ([1 5], 1, )
for ii = 1:Nuser
for jj = 1:bs

qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
distance d ¼ Userx ðiiÞ  Usery ðjjÞ2

end
end
Step 3 : Channel gain : bch ¼

pﬃﬃﬃﬃﬃﬃﬃ
a
cf lcf =lcfpath

Step 4: optimization process
Search agentas ¼ Nuser
Maxim iteration ioptim ¼ 500
Lower bandbLower ¼ 100
upper bandbUpper ¼ 100
dimensions μ = bs
cfmax = 1
cf min = 0.00004
while 1 < ioptim + 1
cf = cfmax − 1(cfmax − cfmin)/ioptim
for loop
update the position of GH
To estimate distance
New positions of GH
Targeted positions
end
step 5: function of optimization
Optval ¼ bUpper  expðl=1Þ  exp ðbUpper Þ
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In the approach of MSR-GOA, the distance user is regarded as input. At ﬁrst, the parameters like no of
base station, cellular radius, noise power, channel length, no of users, path loss exponent, and maximum
transmitted power are initialized. The channel length is recognized in the system channel model using
distance and channel scale fading values. Similarly, the channel gain is evaluated with the use of distance
estimation. After that, in the process of optimization a search agent is regarded with a maximum number
of iterations as 500 along with upper and lower bound dimensions as 100. The limit of upper and lower
bound is being ﬁxed and once the condition is satisﬁed the position of GH is thus updated on identifying
the distance, global positions, and GH’s new position. At last, a best optimal ﬁtness function along with
optimal available antenna is obtained.
The optimized users gathered depending on resources are then gathered or clustered using the DC-EM
process. The representation of trajectory 1st grasshopper is shown in Fig. 4.

Figure 3: Users optimized depending on MSR-GOA approach presented

Figure 4: Representation of trajectory of ﬁrst grasshopper
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C. Clustering process using DC-EM (Discriminative cluster-based Expectation Maximization)
Recently, the application of databases was increased so as to deal with huge datasets that are
dimensional, thus this clustering process has emerged as an important process in wide research areas.
Hence, a novel clustering approach termed DC-EM is presented for enhancing the strategy of power
allocation. Typically, an EM algorithm is considered as an optimal way for recognizing maximumlikelihood estimates at which the data will be inadequate and contains unnoticed or hidden latent
variables, or else has mislaid data points. It is considered as an iterative manner for the approximation of
maximum likelihood function.
In the technique of proposed DC-EM, convergence parameters and initial setting are made which is then
followed by the computation of Log Likelihood on assessing the posterior probability function from the
initial derivative and the ﬁsher scoring iterations. An algorithm for Discriminative cluster-based EM is
illustrated as follows:
Algorithm 2: Clustering process using DC-EM
Input: user path puser
Output: allocation of power EE_e
Start:
α = αpath //path loss exponent
τ = 400;
ɛ = 0:0.01:0.02;
rate values g ¼ ½1 2 3
Dynamic power dμpwr = 30;
Static power slpwr ¼ 40;
Lmaxim = 30;
Mmaxim = 200;
C0 ¼ slpwr  T
C1 = dμpwr
D0 = dμpwr
D1 = 1.56e − 10
c ¼ 2g  1
To recognize theory of EE,
EE ¼ zerosðlengthðeÞ; lengthðgÞÞ
for j ¼ 1 : lengthðÞ
k ¼ 2g ðjÞ  1
for n = 1:length(ɛ)
ɛ1 = ɛ(n)
EE_temp = zeros (Mmaxim, Lmaxim)
for L = 1:Lmaxim
for m = 1:Mmaxim
(Continued)
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Algorithm 2: (continued )

β1 = l*(4/(α − 2)2 + 1(α − 1) + 2/ (α − 2) + m*(1 − ɛ12)/ (α − 1)
β2 = l*(1 + 2/ α − 2) + *(1 − ɛ12) + ɛ12
If b1  c=ðð1 

e12 ÞÞ  b2  cÞ . 1 && ðl  b2  cÞ=m  ðð1 

ASE ¼ b1  c=ðm  ðð1 

e12 Þ2  ðb2  #Þ2 

e12 Þ2  ðb2  cÞÞ , s

ðb2  cÞ  l= sÞ  logð1 þ cÞ

AEC = c0 + c1 * k + D0 * m + D1 * m + A * ASE
EE = ASE/AEC
end
end
end
Emaxim = maxim(EE)
EE e ¼ Emaxim
By initializing the parameters of path loss exponent, static power and dynamic power the theory of EE is
recognized which is followed by a number of iterations till the condition is satisﬁed for varying values of user
path parameters. The process is carried till the maximum EE (Emax) is attained.
As per these iterative steps, the allocation of an optimal power along with maximum EE in DAS is thus
obtained with the use of a projected approach. The clustered result attained by the DC-EM utilization is
represented in Fig. 5.

Figure 5: Outcome of cluster obtained using DC-EM
D. Strategy of allocating Subcarrier power and EE maximization
At last, the prediction of suitable unique BS serving is done and the allocation of subcarrier power is
carried with the use of Lagrange Multiplier. From this, the capacity of the antenna and energy efﬁciency
(EE) are enhanced. Then, the gradient-based Armijo rule is carried for Energy and spectral efﬁciency
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maximization. An estimation of performance is made so as to validate the proposed system effectiveness and
thus to relate and compare the enhancement of efﬁciency with traditional techniques.
4 Results Analysis
At this presented approach, the allocation of power for the purpose of maximizing EE and SE is chosen.
A numerical outcome was evaluated and offered for validating the presented algorithms efﬁciency by
comparison of the proposed technique DAS with MSR-GOA-DC-EM with that of traditional techniques
[4,22,23].
The analysis of EE with respect to number of UEs for number of base station antennas is represented in
Fig. 6. Therefore, the attained ﬁtness in average of entire grasshopper is represented in the graphical
depiction. Moreover, Fig. 7 is the depiction of entire performance percentage of antenna.

Figure 6: Average ﬁtness of all grasshopper

Figure 7: Overall performance percentage of antenna
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The estimation of performance was carried out in terms of EE for maximum transmit power with varying
γ parameters range that is γ at 1, 3, and 7. The range of EE is denoted in Mbit/J. A graphical illustration of the
outcome is shown in Fig. 8. The simulation parameter of the presented system is provided below in Tab. 1.

Figure 8: Analysis of Energy Efﬁciency (EE) performance for varying γ parameter
Table 1: Simulation parameters
Parameters

Values

Cellular radius rc
Noise power in dbm Np
User number K
Base station number bs
Dynamic power consumption in dbm dμp
Minimum requirement of SE Rmin
Optical ﬁber dissipated power op
Maximum transmitted power Pmax
Static power consumption in dbm sμp
path loss exponent αp
Drain efﬁciency €d

1000 m
-104
50
5
30
1*106
0.1484
30
40
4
0.38

Spectral Energy is estimated in terms of maximum transmit power at which the comparison of the
presented technique is carried with that of the traditional KNN-SE approach. In this, the value of SE is
mentioned in (bit/Joule/Hz). The analysis shows that the projected approach (DAS with MSR-GOA-DCEM) is improved. A comparison was carried out among existing techniques KNN-SE and the projected
DAS with MSR-GOA-DC-EM. An outcome reveals that the presented technique is far better in providing
high EE on comparing the existing method. The depiction of comparison made for EE (bit/Hz) with
respect to maximum transmit power (dBm) is shown below in Fig. 10.
The SE (bit/Hz) comparative analysis with respect to maximum transmit power is illustrated in Fig. 11.
The comparison was carried out for conventional algorithms, DAS along with K-means cluster, and DAS
with the mixture of Gaussian clustering technique [22], the SE of projected DAS with MSR-GOA-DCEM is higher.
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Figure 9: Spectral Efﬁciency (SE) comparative analysis (bits/Joule/Hz) [4]

Figure 10: Energy Efﬁciency (EE) comparative analysis (bits/Hz) [4]

Figure 11: Spectral Efﬁciency (SE) comparative analysis (bits/Hz) [22]
The comparison was carried out for conventional algorithms, DAS along with K-means cluster, and the
DAS with the mixture of Gaussian clustering technique with the projected DAS with MSR-GOA-DC-EM.
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From the outcome it was evident that the projected strategy is better in offering high EE than the existing
techniques. An EE (bit/joule/Hz) comparative analysis in terms of maximum transmit power (dBm)
shown in Fig. 12.

Figure 12: Energy Efﬁciency (EE) comparative analysis (bits/Joule/Hz) [22]
The study of comparison of Spectral Efﬁciency (bits/Hertz) on the basis of maximum transmit power
dBm is illustrated in Fig. 13. The comparison was carried out for DAS with Device wise communication
[23] and the suggested DAS with MSR-GOA-DC-EM algorithm. From the outcome it was obvious that
the suggested strategy provides better high SE than the already existing methods. The comparison was
carried out for DAS with Device-to-Device communication [23] and the suggested Distributed Antenna
System DAS with MSR-GOA-DC-EM. From the analysis, it was obvious that the suggested strategy
provides better high EE then the already existing methods.

Figure 13: Spectral Efﬁciency (SE) comparative analysis (bits/Hz) [23]
Fig. 14 depicts the study of comparison of Energy Efﬁciency (bit/joule/Hz) on the basis of maximum
power of transmission dBm. In relation to the results of simulation, the performance is enhanced with the
clusters mode in Distributed Antenna System.
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Figure 14: Comparison of Energy Efﬁciency (EE) based on bits/Joule/Hertz [23]
In order to solve the complexities associated to maximize the EE and SE. As a result, the achieved power
in the DAS with the support of the cluster’s mode was much more than the ancient scheme performed for
allocating power. Thus, it makes the suggested scheme for the enhancement of EE and SE effective along
with the minimized rate of computation of complexity.
5 Conclusion
The main aim concerned was the energy efﬁciency of power allocation in the Distributed Antenna
System. The two main perspectives of this study are optimization and method of clustering. At ﬁrst, with
the support of MSR-GOA, optimization is done to attain the optimal capacity for antenna for the efﬁcient
power allocation and best operation for ﬁtness. Then, the cluster method was created in the Distributed
Antenna System with the help of DC-EM technique that was varied very much different from the
traditional model of DAS. The enhancement of antenna capacity is performed using the subcarrier power
allocation method using Lagrange multipliers. At last Armijo rule on the basis of the gradient is followed
to increase the Energy Efﬁciency EE and spectral Efﬁciency SE. Several outcomes were provided and
estimated for validating the effectiveness of applied algorithms by means of evaluating the suggested
work (Distributed Antenna System with MSR-GOA-DC-EM) to that of the existing techniques. The
outcome reveals that the proposed strategy is better in offering high EE and SE than the existing
methods. In future, this work can be extended by employing deep learning-based methods.
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