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Abstract: Unmanned aerial vehicles (UAVs) have the advantages of flexibility, low cost, and good
communication channel gain. In recent years, the inspection of power grid systems supported by
UAVs has been widely used. However, due to the constraint of wireless channels and UAVs, it is
impossible to transmit video content to the surveillance center. To solve this problem, in this study, a
new mobile edge computing (MEC) technology-enabled power line inspection scheme for smart grid
networks was designed. Within this scheme, a double-layer MEC architecture is proposed. In the
upper-level layer, several UAVs installed with MEC equipment can locally process inspection videos
with higher propriety. At the same time, the remaining tasks with lower priority are performed by
the terrestrial base stations. In addition, a cost minimization problem is proposed and solved by the
alternating optimization algorithm. The simulation results show that the proposed algorithm can
significantly reduce the energy consumption of the system.

Keywords: mobile edge computing; smart grid; UAV; power line inspection; energy consumption
minimization

1. Introduction

Mobile edge computing (MEC) is a scheme that places computing and storage re-
sources on the edge of the mobile network to alleviate the network delay problem [1,2]. In a
smart grid scenario, high inspection accuracy cannot be guaranteed via human patrols due
to large-scale distribution and a complex geographical environment. Simultaneously, the
labor, transportation, and equipment costs can be enormously high. Using MEC-enabled
unmanned aerial vehicles (UAVs) to inspect remote units (RUs, such as power towers and
energy generators) in transformer substations is a promising technical scheme to solve the
above problems [3]. UAVs fly periodically over RUs in the network supporting UAVs, and
RUs can report working status or alarm information to UAVs. This method offloads the
task of RU inspection to the MEC server of UAVs and makes full use of the flexibility and
good channel gain of UAVs.

In smart grid scenarios, RUs usually have different priorities. The RU inspection
tasks with high priority should be completed first, whereas the tasks with low priority
can be completed within the maximum tolerance delay. However, the existing studies
only consider optimizing energy consumption within the maximum tolerant delay, while
ignoring the task priority in actual scenarios. In addition, previous works only consider a
single UAV that serves users. However, it is impossible for a single UAV to complete a large
number of computing tasks since the ground base station is far away and the resources of a
UAYV are limited. To this end, in this study, a new MEC architecture of double-layer UAVs
and multiple ground base stations was designed to complete the computing tasks of RU
inspection. Under the constraint of computing resources, the upper-level UAV optimizes
the allocation of resources. The UAV completes some RU inspection tasks to maximize the
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priority of RUs and minimize their transmission energy consumption. The remaining RUs
relay their status to the lower UAV. Under the constraint of time delay, the UAV trajectory
and bit allocation are optimized to achieve the goal of minimizing transmission energy
consumption between RUs and UAVs.

The main contributions of this paper are summarized as follows:

1. A double-layer MEC-enabled power line inspection scheme is proposed in this paper.
In the upper-level layer, several UAVs equipped with MEC servers can locally process
inspection videos with higher propriety, while the remaining tasks with lower priority
can be processed by the terrestrial base stations.

2. Aninteger linear programming problem is formulated to jointly optimize the accessed
RUs’ priority and the transmission energy consumption. The problem is solved by
the proposed alternating optimization algorithm.

3. The results of the simulation show that the proposed scheme can significantly reduce
the energy consumption of the considered system.

The rest of this paper is organized as follows. Section 2 gives a brief overview of
related studies. The model of the considered system is introduced in Section 3. Section 4
presents the formulation of the problem, to which the solution is demonstrated in Section 5.
Next, the simulation results and discussions are shown in Section 6. Finally, Section 7
concludes this paper.

2. Related Works

In recent years, UAV-assisted mobile edge computing has become a popular research
topic. Due to the limited size of the UAV itself and the limited battery capacity it carries,
energy consumption is significant for UAV-assisted mobile edge computing. In [4], a joint
rate decomposition problem is proposed to optimize the allocation of transmission link
rates between two antenna arrays on unmanned aerial vehicles, and finally minimize
energy consumption in centralized and distributed MEC modes. Study [5] considers the
cooperative offloading of joint base stations and unmanned aerial vehicles. By jointly
optimizing the location, communication, and computing resource allocation and task
segmentation decisions of unmanned aerial vehicles, the weighted sum of the service delay
of all Internet of Things devices and the energy consumption of unmanned aerial vehicles
is minimized. The work of [6] considers a deployment mechanism of multiple UAVs to
realize load balancing and improve UAV mission execution efficiency. Study [7] is different
from others because it considers merging tasks at several hot spots based on the geography.
Its goal is to improve server utilization and UAV scheduling. In [8], new optimization
parameters are considered, and parameters such as CPU frequency and transmission power
are considered to minimize unmanned aerial vehicles’ total energy consumption. The
two algorithms are compared, and the conclusion is drawn that trajectory optimization
plays a leading role in reducing system energy consumption. In contrast, acceleration
optimization has a significant influence on the total energy demand for unmanned aerial
vehicles. Some studies consider using wireless power transfer (WPT) technology to equip
base stations with the ability to provide energy. Study [9] considers establishing a resource
allocation framework in partial and binary offload modes to maximize weighted sum
computation bits. In their work, the UAV not only calculates the user’s tasks but also
supplies energy to the user through WPT. Considering the limited power consumption
of unmanned aerial vehicles, work [10] considers an energy-saving resource allocation
scheme that uses SWIPT technology to supply power to unmanned aerial vehicles, and
optimizes the power allocation ratio of base stations to unmanned aerial vehicles and the
time slot allocation ratio of unmanned aerial vehicles to minimize energy consumption.

Based on the overview of the related research, it can be seen that none of the previous
works related to UAV-assisted MEC has considered the task priority in actual smart grid
scenarios. In addition, dealing with the limited resources of a single UAV by fully utilizing
the architecture of double-layer UAVs remains an unsolved problem.
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3. System Model

We consider a two-layer UAV architecture to complete RU inspection tasks, as is
shown in Figure 1. The upper unmanned aerial vehicle carries an MEC server, which is
located at a fixed position to serve ground RUs. The lower unmanned aerial vehicle makes
periodic flights to relay the RUs’ status to the ground base station.

In this scenario, BS is a terrestrial base station with a built-in high computing per-
formance server. Table 1 provides the description of frequently used symbols. We use
K to represent the number of RUs, 1 < k < K. The status of RU k can be described as
Iy = {Ly, Cx, T, A}, where Ly represents the size of input status data, Cy represents the
number of cycles required to compute 1 bit, and Ty represents the maximum tolerated delay
of the RU. Ay represents the priority of the RU’s status. We use M to represent the number
of BS, 1 < m < M. Since a two-layer UAV architecture is used in this paper, we consider
using a variable a; € {0,1},k € K to represent the RU’s access mode. When the variable is
1, it means the RU selects the upper layer UAV. When the variable is 0, it means that the
lower UAYV is selected to relay the RU’s status to the ground base station.

Table 1. Notations.

Symbol Description

K Number of RUs

Ly The size of input data on RU k

Cx The number of CPU cycles required to compute 1 bit on RU k
Ty The maximum tolerated delay of RU k
Ay Priority value of RU k

M Number of BSs

ay Access mode parameter

Py The transmission power of RU k

N Number of time slots

o The noise power

Po The channel power gain

Zk, ZBS, ZUAV Coordinate parameters

H The altitude of UAV

T The flight period of UAV

A The duration of a time slot

Umax The maximum flight speed of UAV

h Wireless channel gain

qli] The position of UAV at time slot i

The transmission rate

E Energy consumption
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Figure 1. Network scenario.

3.1. Communication Model

Without losing generality, we construct a three-dimensional Cartesian coordinate
system model. The horizontal coordinates of the RU and the ground base station are
zx = (%, yx) and zgg[m ] = (xps[m],yps[m]), respectively. The upper UAV hovers at
25 AV = (xg Av,yg AV hg Av) to serve RUs. The initial horizontal position of the lower
UAV is zb ., = (xh ., vh 4). It flies at a fixed altitude value H. We assume that the
flight period of UAV is T. T is divided into N time slots, and A describes each time slot.
Since A is small, we assume that the position of the UAV will not change in each time slot.
Therefore, the horizontal trajectory K of the UAV in the i-th time slot can be represented by
discrete-time positions. The trajectory constraints of UAV are as follows:

q[1] = q[N]

: 1112 2 )
lali +1] = q[i][|” < (omaxd)"i € T
where ||-|| represents the Euclidean distance and vmax represents the maximum flight speed
(meters/second).

In this paper, we consider using the FDMA protocol to access the upper UAV for RUs
that choose to offload the status to the upper UAV. For RUs that choose to relay their status
to the lower-level UAV, we consider using the TDMA protocol to access the lower-level
UAV.

In the UAV auxiliary network, the UAV’s flying height is generally much higher than
that of ground RUs. The line-of-sight (Los) channel of the UAV communication link is less
damaged than other channels, so the Los channel is selected for the UAV wireless channel.
The gain between the lower UAV and BS, and the gain between the upper-layer UAV and
RU k in the i-th slot, can be written as:

L (; _ [40] H
s (i) = Sz € N € M

L — 00 :
el = e F e K EN @
hil = o keK

(Hay) + iy —2ell””
where pg represents the unit channel gain (the channel gain when the distance from the
UAV is 1 m and the transmission power is 1 W).

3.2. Computing Model

RUs have two ways to report their status, which can be offloaded to the upper UAV
for calculation or offloaded to the lower UAV and relayed to the base station for calculation.

(1) Offloading to Upper UAV

The upper UAV hovers at a fixed height to serve the RU. The RU and the UAV use the
Los channel to transmit through the FDMA protocol. To ensure fairness, we allocate the
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same bandwidth to each RU to transmit data. The transmission speed between UAV and
the RU can be written as:

H

B Pih
RY2H — K—ilogz (1 + azk ),k € Ky (3)

where B is the total communication bandwidth between the upper UAV and RU, and K;
is the RU set that chooses to offload to the upper UAV. P, is the maximum transmission
power of RU k and o2 is the power of noise. To improve the signal-to-noise ratio (SNR),
we let RUs use the maximum power to transmit. h{! is the channel gain between RU k and
UAV.

When the RU offloads its status to the upper UAV, the RU’s total transmission energy
consumption can be written as:

L
tk:R]%(%/keKl

E]?:II:ktk/kEI(l @)
H_ypH
E —%Ek

(2) Offloading to Lower UAV

The lower unmanned aerial vehicle makes frequent flights over the RUs and relays
the RU’s status to the ground base station for execution. We consider dividing the RU’s
time slot into two parts: one part transmits the status to the lower UAV, and the other part
relays the status to the ground base station by the UAV.

The transmission rate between the RU and the lower UAV in the i-th time slot can be
written as:

RU2L[i] = B, log, (1 4 Pl "g’;m ),k € K, )

where Bs is the total communication bandwidth between the lower UAV and RU, and K5 is
the RU set that chooses to offload to the lower UAV. ki [i] is the channel gain between RU
and the lower UAV in the i-th slot.

Let us set the bit offloaded by RU in the i-th slot as Li[i]. Then, there are the following
constraints. This constraint means that RU must offload all bits in N time slots:

N
Y Lili] = Ly, Vk € Ky ©
i=1

The following formula can express the transmission energy consumption between the
RU and the lower UAV:

FU2L _ % Lyli] %
£ T PR

The lower UAV will select the nearest base station for the relay according to the

channel gain, and the transmission rate between the UAV and the base station in the i-th

time slot can be written as:

hgsli] = max{hks(i,m)},m e M
RIEZE[I'] = Bz log, (1 + Pum(/r}zlgs [1],>,k e Ky 8

where Bj is the communication bandwidth between the UAV and AP, and py4y is the
transmission power between the UAV and the ground base station. hpg[i] is the channel
gain between the i-th UAV and AP communication.
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The transmission energy consumption between UAV and ground base station in the
i-th time slot can be written as:

L2F _ W Ly [i]
Ek = Z puav RLZE [l] (9)
i k

The total energy consumption in the lower mode can be written as:
L_ gL
E- = %Ek
L _ pU2L 4 pL2E
Ey =E/* +E " ke kK

(10)

4. Problem Formulation

This problem has two objectives. Our first goal is to optimize the allocation of comput-
ing resources under the constraint of upper-level UAV computing resources to maximize
the accessed RUs’ priority:

K
P1: max})_ a;Ax
aj k
Cl:ar€{0,1},keK (11)

Ky
C2: %CkLk < fllav

where C1 means that each RU can only choose one offloading method, and C2 means that
the sum of computing resources that choose to offload to the upper UAV cannot exceed the
UAV’s computing capability.

The goal is to minimize the transmission energy consumption between RUs and UAVs.
The transmission energy consumption can be composed of two parts: the transmission
energy consumption offloaded by the RU to the double-layer UAV and the transmission
energy consumption offloaded by the UAV to the base station.

K
P2:E =Y (axEM + (1 —ay)EL)
k
Cl:a €{0,1},keK
n
c2:y Lk[l} =L, ke K,
i=1

C3:q[1] = q[N] , )

C4:|lqi+1] —q[i]I” < (vmaxA)7,i€T
K

C5: Y Lii] < Coie NkeKa
k=1

C6:0 < xH,, < Xmax

C7 : 0 < y{,_IIAV < ymax

C8: T < tpmax

(12)

where C1 means that RU can only choose one offload method. C2 indicates that the RU
that chooses to offload to the lower UAV mode needs to offload the status of N time slots.
C3 represents the periodic flight of the lower UAV. C4 indicates that the UAV’s maximum
horizontal distance in a one-time slot cannot exceed the threshold. C5 means that the bits
offloaded by all RUs to the UAV in a one-time slot cannot exceed the UAV calculation
threshold. C6 and C7 represents the range of coordinates of the upper UAV. C8 indicates
that the lower UAV’s flight period is less than the maximum tolerated delay of the RU.

5. Proposed Algorithm
5.1. Resource Allocation of Upper UAV

This problem optimizes the allocation of computing resources of unmanned aerial
vehicles to achieve the highest total priority of accessed RUs. The knapsack problem is
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an NP-complete problem of combinatorial optimization. We can transform this problem
into a 0-1 knapsack problem to solve it. The upper UAV allocates resources to RUs under
resource capacity limitation, thus maximizing the priority of completed RU tasks:

K
P1.1: max)_ ap Ay
ag k
Cl:a,€{0,1},k e K (13)

Ky
C2: §ckLk < fliLw

5.2. Location Optimization of Upper UAV

We need to optimize the position of the UAV to minimize the energy consumption of
the upper mode. Because the scene is small, the traversal algorithm is used to obtain the
optimal solution:

K
P2.1: miny. EH
loc ]—IE (14)
C6:0 < X7y < ¥max

5.3. Joint Optimization of Lower UAVs

We optimize the lower UAV trajectory and the bit allocation of RUs to minimize the
total energy consumption. We designed an improved alternating optimization algorithm
to decouple the optimization variables, as shown in Algorithm 1. The algorithm jointly
optimizes the UAV flight trajectory sub-problem and bit allocation sub-problem through
the iterative method. The algorithm can achieve better results.

K>

P2.2: min EL

n{Lk[iLq[i]}%
c2: Yy Lk[l’} =L,ke Ky

i=1 15
C3:q[1] = qN] (15)

C4:|lqli+1] = qli]|* < (vmaxA)%i € T
K

C5: % L] <CuieNkeKs
k=1

(1) Bit optimization sub-problem

Given the lower UAV trajectory, we can derive the number of bits that the RU optimally
allocates in each time slot:

K
P221: min Y F;
{Li (i)} &

n
C2: ¥ Lifi] = Lk € K> (16)
i=1

Ky
C5: Y, Lk[i] < Cyi€eN,keKk,
k=1
When we expand P2.2.1, we can see that the problem solved is a mixed-integer linear
programming problem only related to Li[i]. We used the intlinprog function of MATLAB
to solve the integer linear programming problem.
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P2.2.2: Puav Ll
min B (R + e )
n
C2: z Li[i] = Ly, k € Ky (17)

C5: ZLk[]<Ck,l€Nk€K2
k=1

Algorithm 1. Time Resource Allocation Optimization.

1: Initialize Q(7), the error tolerance threshold ¢, and index of iteration i = 0;

2: The energy distribution of the upper UAV is obtained by (13);

3: The position of the upper UAV is obtained by (14), and then the minimum energy consumption
of the upper UAV is obtained;

4: repeat

5: Obtain L(i) with Q(i) thorough (16);

Obtain Q(i + 1) with L(i) thorough (18)

i=i+1;

until Egum (i + 1) — Esum (i) < .

(2) Trajectory optimization sub-problem

After we find Ly[i], we can determine the trajectory of the lower UAV.

Ky N

P223: min Y Y 4 + A2
(Ll E 7 1og2(1+Ll) log, (1+32 )
(e1)
4 = PuAng[i] 4y = Pkél;[i] (18)

by = PUAVPO by ngo

— 2 4 gl zaslm P2 = (F2 + llali] - z?)

For simple calculation, we substitute the trajectory of UAV in the i-th slot as x into
P2.2.3 and extract some constants at the same time. By solving the second derivative of x, we
can find that the above problem is nonconvex. We can solve the nonconvex problem using
the Taylor expansion. We use the P4 Taylor expansion to replace the objective function with
the first-order Taylor expansion. Where f(xg) and f'(x) are Taylor coefficients expanded
at g0, respectively, the converted P2.2.4 problem is convex and can be solved using the
CVX toolbox in MATLAB.

P2.2.4: mm 22( f(x0) + f'(x0) (x — x0)) (19)

{x=dlil}; = 15

We iterated many times and repeated the above two steps. Under the condition of
keeping other variables unchanged, the UAV trajectory and bit allocation are alternately
optimized. When the reduction in energy consumption is less than the threshold, the
iteration is stopped, and the current calculation result is the optimal value.

Esum(i + 1) - Esum(i) <e& (20)

Next, we provide a computational complexity analysis of the proposed algorithm. In
Algorithm 1, each step has its own calculation method. In step 2, the 0-1 knapsack problem
can be solved by a greedy algorithm, in which the time complexity is O(Klog K), where
K is the number of RUs. In step 3, the time complexity of the traversal algorithm can be
represented as O(c), where c is the covered area of the considered scenario. In step 5, the
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calculation of the first sub-step has exponential time complexity, of which the minimum
value is O(2V%2), where N is the number of time slots and K is the number of RUs in K2
mode. Since the second sub-step is an unconstrained optimization problem with many
possible solutions, its time complexity depends on the specific method.

6. Simulation Results and Discussions

In this section, we present the simulation results to evaluate the proposed algorithm’s
performance and efficiency. We assume ten (K = 10) RUs are randomly distributed in the
200 m x 200 m two-dimensional area. Two BSs are located in the lower-left corner and
the lower-right corner of the two-dimensional area. Each RU has a different status. The
communication bandwidth between the upper UAV and the RU is 10 MHz. The communi-
cation bandwidth between the lower UAV and the RU is 5 MHz, and the communication
bandwidth between the lower UAV and the ground base station is 5 MHz. The upper
UAV provides services to RUs at a fixed position at 100 m. In comparison, the lower UAV
flies periodically at a fixed height of 50 m, with a computing capacity of 1200 MHz and
a maximum flight speed of 40 m/s. Other parameters and their references are shown in
Table 2.

Table 2. System parameters.

Parameters Value

Number of ground RUs K 10

Number of BSs 2

Number of UAVs 2

RU’s status input data size range Ly from 30 to 50 Mbits
RU’s required CPU cycles per bit range Cy from 100 to 300 cycles/bit [9]
RU’s priority range Ay from 1 to 10

RU’s transmission power Py 30 dbm

Number of time slots N 16 [9]

The noise power o —100 dB [10]

The channel power gain pg at a reference distance of d0=1m —50dB [9]

According to other articles, we chose the following strategies to compare the perfor-
mance with the algorithm proposed in this paper: the Local Computing policy, where
RUs only compute locally; the HUAV Only strategy, which only considers all RUs served
by upper-level unmanned aerial vehicles; the Equal Bit strategy, in which RUs divide the
statuses equally into time slots and offload them to lower-level unmanned aerial vehicles;
the Initial Trajectory strategy, in which the lower UAV flies at a constant speed during
flight; the Random HUAYV Position strategy, in which the upper UAV serves some RUs at a
random location; and the Joint Optimization strategy, which is an improved alternating
optimization algorithm proposed in this paper.

As shown in Figure 2, as the flight period T of the lower unmanned aerial vehicle
increases, the unmanned aerial vehicle’s trajectory is closer to K2 RUs. When T = 105,
the trajectory is biased towards the two ground base stations below. The reason for this is
that in order to ensure good communication with ground base stations, unmanned aerial
vehicles can only be far away from RUs. We find that if unmanned aerial vehicles have an
extended flight time, they can provide better services for RUs. Simultaneously, due to the
need to relay the status to the ground base station, the ground base station’s position is also
an essential factor affecting the trajectory of the UAV.
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Figure 2. Optimized trajectory of the UAV under different flight periods.

Figure 3 shows the relationship between the RU’s status size and each scheme’s energy
consumption in K2 mode when the UAV’s flight time is 20 s. The performance of the
“HUAV Only” scheme is much worse than that of other schemes, which can explain the
necessity of deploying dynamic services of double-layer unmanned aerial vehicles and
lower-layer unmanned aerial vehicles. The results of the other three schemes are not
much different. Thus, it can be seen that bit allocation, upper UAV position deployment,
and trajectory optimization have similar effects on the algorithm. As the K2 mode RUs’
status size increases, the gap between the above three energy consumption results and the
proposed algorithm gradually increases. These results verify that the algorithm proposed in
this paper not only improves the computing power of the MEC system, but also significantly
reduces the energy consumption of the RUs’ computing status.

150

T T
I Joint Optimization
N Equal sit
[CJRandom HUAV Pasition
I initial Trajectory
[EEIHUAVY Only

Energy Consumption(w)
=
=]

o
=}

0
[20,25,20,25,30] [22,27 22,27 32] [26,31,26,31,36] [32.37,32,37 42] 40,45 40,45 50]
K2 mode RU's task-input data size
Figure 3. The relationship between the RU’s status size and each scheme’s energy consumption in K2
mode when the flight time of the UAV is 20 s.

Figure 4 shows the offloading of five RUs which choose K2 mode in N time slots. From
the figure and transmission rate, it can be seen that RUs will offload their status as much
as possible when the UAV approaches them, to obtain better communication quality and
further reduce transmission time. In one time slot, we allow multiple RUs to offload their
status. However, we must meet the restriction that the number of offloading statuses in a
one-time slot is less than the computational capacity of the UAV.



Information 2022, 13, 167

11 0f12

—+—RU1
18 —+—RU2| ]
——RU3
—F—RU4 | ]
—*—RU5

Number of bits(Mbit)

Time slot

Figure 4. Bit offloading in N time slots by an RU which selects K2 mode.

Figure 5 shows the relationship between the number of RUs that choose K1 mode
and the proportion of upper and lower UAV energy consumption. It can be seen that the
upper UAV consumes more energy than the lower UAV because the upper UAV has a
limited bandwidth allocation and needs to be equally distributed to K1 mode RUs, resulting
in higher energy consumption. Due to the limitation of UAV flight time and maximum
computation bits in the time slot, the number of RUs that the lower UAV can serve is
limited, so the number of RUs that choose K1 mode is at least 4. As shown from the figure,
the lower the number of RUs that choose K1 mode, the higher the proportion of lower-level
unmanned aerial vehicles. This is because, as the number of RUs that choose K2 decreases,
the fewer benefits will be achieved by planning the allocation of unmanned aerial vehicle
trajectory bits. To summarize, the allocation of upper-level unmanned aerial vehicles
and lower-level unmanned aerial vehicles is significant. Only a reasonable allocation can
minimize the total energy consumption.

120

[ L UAY Energy Consumption
[ HUAVY Energy Consumption

Energy consumption {w)

4 5 6 7 8 9
Number of RUs in K1 mode

Figure 5. Relationship between the number of RUs selecting K1 mode and the energy consumption
proportion of upper and lower unmanned aerial vehicles.

7. Conclusions

In this study, a new MEC architecture of a double-layer UAV and multiple ground base
stations was designed to help RUs report their status. First, the upper UAV collects some
RUs’ status to maximize the priority and minimize the energy consumption of the RUs. We
transform the problem into a 0-1 knapsack problem to solve it. The remaining RUs relay
their status to the lower UAV. Under the constraint of time delay, the UAV trajectory and
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bit allocation are optimized to achieve the goal of minimizing transmission energy con-
sumption between RUs and UAV. In order to solve this non-convex problem, we designed
an improved alternating optimization algorithm to decouple variables. According to the
simulation results, the algorithm has better energy consumption performance than other
algorithms, reflecting the necessity of double-layer UAVs serving RUs. In future works, we
will further consider the mobility of RUs and investigate its impact on the optimal resource
allocation and the trajectory of UAVs. In addition, comprehensive performance compar-
isons of different optimization strategies proposed in related studies will be provided in
our future works.
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