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Abstract: The emerging wireless energy transfer technology enables sensor nodes to maintain perpetual
operation. However, maximizing the network performance while preserving short charging delay is a great
challenge. In this work, a Wireless Mobile Charger (WMC) and a Directional Charger (DC) are deployed to
transmit wireless energy to the sensor node to improve the network’s throughput. To the best of our
knowledge, this is the first work to optimize the data sensing rate and charging delay by joint scheduling of
MC and DC. We prove we can transmit maximum energy to each sensor node to obtain our optimization
objective. In our proposed work, a DC selects a total horizon of 360° equipped with DCs, which selects the
horizon of each specific area with 90° based on its antenna orientation. DC’s orientation is scheduled for each
time slot. Furthermore, multiple MCs are used to transmit energy for sensor nodes which cannot be covered
by DCs. We divided the Rechargeable Wireless Sensor Network into several zones via the Voronoi diagram.
We deployed a static DC and one MC charging location in each zone to provide wireless charging service
jointly. We obtain the optimal charging location of MCs in each zone by solving Mix Integral Programming for
energy transmission. The optimization objective of our proposed research is to sense maximum data from each
sensor node with the help of maximum energy. The lifetime of each sensor network can increase, and the end
delay can be maximized with joint energy transmission. Extensive simulation results demonstrate that our
RWSNs are designed significantly to improve network lifetime over the baseline method.

Keywords: Wireless Recharging; Mobile Charger; Sensor Network; WSN;

1. Introduction

There are many application scenarios of Wireless Sensor Networks (WSNs), such as
environmental detection, civil infrastructure, target tracking, information security, and intelligent
media care [1,2]. In WSNs, energy replenishment is becoming the bottleneck to improve network
utility. Currently, most sensor nodes are powered by batteries. However, the high manufacturing
and swapping cost of batteries hinder WSN's from fully realizing their potential. Wireless charging is
one of the most promising technologies for tackling the energy limitation problem of sensor nodes.
With the assistance of a wireless charger, the sensor node can prolong its lifetime without replacing
batteries. The functionality of the sensor node includes sensing, computing, data collection, and data
aggregation [3,4]. In addition, the sensor node uploads data to the sink node in real time and accepts
the control instructions from the cloud server via a wireless communication module. Since a large
amount of information will be processed and transmitted by sensor nodes, the energy of RWSNs will
gradually decrease with time [5]. Once the battery energy has been exhausted and cannot be
replenished [6], it will lead to the death of the sensor nodes. Therefore, the energy consumption of
sensor nodes becomes a prominent issue and is regarded as a main factor of large-scale application
in RWSNSs. To effectively extend the lifetime of RWSNSs, the scheduling strategies of sensor nodes are
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proposed to improve energy utilization. Most rechargeable batteries are non-removable, and the
sensor nodes will die due to battery energy depletion.

Recent studies [7,8] have proposed using mobile chargers to transmit wireless charging power
to sensor nodes [9]. The weakness of previous studies is that mobile chargers cannot transmit proper
energy because mobile chargers have limited battery capacity and select limited routing paths to
transmit charging power to the area of RWSNSs. Different sensor node cannot maintain their working
power due to the limited energy. In our proposed research, a mobile charger and a directional charger
have been used jointly to transmit wireless charging power to each sensor node to overcome these
challenges. To the best of our research, we transmit maximum energy to sense maximum data from
the maximum sensor node. The predetermined recharging scheduling of mobile chargers provides a
near-optimal charging path due to the dynamic energy consumption. In RWSNSs, a directional
charger transmits energy to the sensor node from different orientations. In RWSNSs, each directional
charger selects its total 1800 area, and each orientation covers 900 area to fulfill the energy demand
of each sensor node. Directional chargers cover the network area in two directions; each orientation
covers 90 areas. Mobile charger covers those nodes that are out of the coverage area of directional
chargers. The critical challenge of our designed research is the coupling of directional chargers and
mobile chargers to fulfill the energy demand without delay.

In our proposed research, the Mix Integral Programming Method has been used to find the
optimal stopping point of mobile chargers. After selecting the optimal stopping point, the mobile and
directional chargers jointly start energy transmission. At each time slot, the mobile and directional
chargers select their number of sensor nodes for energy transmission. We must transmit maximum
energy at each time slot to overcome the joint energy replenishment challenge. In RWSNs, a time slot-
based algorithm has been used for energy transmission to each node in our proposed research. The
joint charging process is used to transmit energy to each set of networks. We used a priority-based
charging method. In this optimal algorithm, when the node has less residual energy, the priority of
energy supplement is higher and should be replenishment with higher charging priority. After that,
we select the tour length of the mobile charger for maximum energy transmission. Some nodes far
from mobile charger tours cannot replenish energy properly. These sensor nodes will be charged in
the next tour. In this algorithm, we need to bind the length of the mobile charger tour to transmit
maximum energy within each time slot. Moreover, we used an optimal joint-based charging
algorithm to charge sensor nodes jointly with the help of a mobile charger and a directional charger.

This research aims to optimize the data transmission rate while preserving charging delay. If we
only use DC for energy transmission in RWSNSs, then only DC cannot satisfy all the charging
demands of each node due to a fair charging delay. To tackle this issue, we need to schedule the MC
and DC jointly to fulfill the charging demand of each node. MC starts the route from the base station,
and after transmitting energy to different sensor nodes, it returns to the base station for energy
replenishment.

The main contribution of this paper can be summarized as follows.

e  To the best of our knowledge, this is the first work to study the joint scheduling problem of DC
and MC for energy replenishment. We noticed that the throughput of WRSNSs can be further
improved by jointly working on the performance of the MC and DC.

e  We designed a near-optimal joint energy replenishment algorithm and proposed a central
charging point selection algorithm for proper energy transmission.

e  Extensive simulation results are conducted to indicate the effectiveness and advantages of our

proposed algorithms.

The organization of this paper is shown as follows. Section II describes the related work. Section
III contains the Methodology. Section IV presents the network model. Section V is the Charging
Model, and Section VI presents the problem formulation. Section VII is the Mobile Charging Energy
Transmission Protocol. Section VIII is the Evaluation along with the simulation results of the
proposed scheme, which are compared with those of the other schemes. Section IX shows the
conclusion of this paper with a brief summary of new findings.
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2. Related Work

Different existing research has focused on energy harvesting techniques that extract energy from
solar, vibration, and wind to replenish energy in sensor nodes. A new way of supplying high-density,
stable, and sustainable energy for sensor nodes is provided by wireless energy transfer technology.
Recently power cast has developed products that transmit energy to the sensor nodes [10]. In [11],
constructing a charging queue based on the greedy algorithm, the author used power cast chargers
to extend the network lifetime.

2.1. Mobile Charging Scheduling

For replenishing energy to each sensor node through strong magnetic resonance, there has been
a surge of interest in using the MC traveling algorithms in WRSNs [12]. Most of the reported
approaches employed optimization algorithms to solve wireless charging problems. A single mobile
charger can charge sufficiently to a small-scale network of RWSNs. Due to the limitation of battery
capacity of the sensor nodes, multiple mobile chargers are required for large-scale areas of a network.
Energy replenishment provides stability and reliability of energy supply for sensor nodes [13]. The
mobile charging energy transmission process can be evaluated from the sensor node’s and charger’s
perspective [13]. The most intuitive way is to charge sensor nodes periodically along an optimal TSP
tour in RWSNs [8].

The researcher employed a mobile charger to charge sensor nodes, where the cumulative
traveling time and charging time are expected to be minimized. The best charging scheme was
reported [13], which jointly considers routing and charging. In a dynamic environment, the objective
is to maximize network lifetime under practical constraints. In [14], proposed multiple energy-
constrained mobile charging scheme to charge RWSNs collaboratively. The objective is to maximize
the energy efficiency of sensor nodes. In [8,15] focused on a charging strategy that employed a mobile
charger equipped with a high-capacity battery to replenish energy periodically in sensor nodes. In
[16], the problem into 2-D WSNs and the minimum number of energies-constrained mobile chargers.
The aim of this work is to guarantee the performance of the network. The average performance is far
from an optimal charger. In [17], investigated the problem of minimizing the number of mobile
chargers to ensure that each sensor node operates continuously for energy transmission. With the
different charging cycles of MC, the results of the charging tour are different. In [18], considered
multiple mobile chargers to minimize the total traveling cast of MC to ensure that each node
replenishes energy from the sensor node. In [19] modeled on-demand charging scheme as scheduling
MC vehicles deployed to charge sensor nodes. The objective is to minimize the number of mobile
chargers.

In [20], the scheduling for the multiple MCs for incoming charging requests to evaluate the
nearest-first and recent-rarest-first strategies. As a result, the nearest scheduling strategy is better for
the localization charging request process, which is made through simulation. In [18], the node energy
level cannot become low from its maintaining level. Multiple MCs minimize the total traveling cost
of multiple mobile chargers. In [19], mobile chargers return to their respective depots for energy
replenishment. To charge sensor nodes in WRSNs, the network model works on-demand charging
problems as per the schedule of a mobile charger. The objective is to minimize the number of mobile
charger routes for maximum energy transmission.

2.2. Directional Charging Scheduling

Some works are studying on directional charger problem, but their solutions are not applied in
our research. In [21], proposed a method to detect omnidirectional charging capability for a given
topology of directional chargers. They also studied how to place directional chargers to maximize
charging utility in [22]. To resolve the wireless charger deployment optimization problem. In [23],
deployed the chargers with directional antennas on specific grid points and designed the greedy and
adaptive cone covering algorithms. To maximize the survival rate of end devices an omnidirectional
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wireless charger with partial coverage has been used to maximize the survival rate of terminal
devices [24].

One of the importance of directional antenna is to transmit maximum energy in different
directions to cover different sensor nodes in one sector. However, these models are so complicated
that they are not tractable in the performance analysis. Using directional antennas instead of
omnidirectional antennas in wireless ad hoc networks or RWSNs can significantly improve the
network performance since directional antennas can concentrate the transmitting/receiving
capability to desired directions [25].

Figure 1 shows the WRSN. For example, it is shown in some recent studies that using directional
antennas in WANs can improve the network capacity and reduce the end-to-end delay [26-29].
Besides, using directional antennas in WSNss can improve security, as shown in [25,30]. In WSNs with
directional antennas, it is difficult for each node to obtain the location knowledge of other neighbors
due to the directional beam forming [31]. To solve the problem of directional neighbor discovery,
complicated schemes, such as using direction of arrival estimation, and swiveling the beam from 0 to
2m, were proposed in [32].
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Figure 1. Wireless Rechargeable Sensor Network.

To best of our knowledge, this is the first work to study the mobile charger and directional
charger problem in RWSNSs. The existing works have contributed to optimizing the power supply
through the mobile charger and directional charger. However, coupling issue in mobile chargers and
directional chargers makes the rechargeable wireless sensor network charging problem quite
challenging. Previous works did not consider the joint charging method using by mobile charger and
directional charger jointly to transmit maximum energy and minimum charging delay. The novelty
of our proposed research is that there is no data loss in our proposed work because of on-demand
energy transmission to each sensor node.

3. Methodology

The critical challenge of our design is the coupling of DC and MC used to fulfill the energy
demand without delay. In RWSNs, each DC selects its total 360° area, with each 90° specific
orientation to fulfill the energy demand of each node in every time slot. MC selects a network area
that is out of the coverage area of DC. The charging process with the MC antenna is highly gain,
which is used for energy transmission in each set of networks. MC selects the optimal stopping point
in each set of networks to charge all sensor nodes at different time slots. After selecting a specific
network area, MC and DC jointly start energy transmission to each sensor node. At each time slot,
MC and DC select a different number of sensor nodes for energy transmission. MC travels from the
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base station to each charging point, obtained by solving Mix Integral Programming. When the energy
level of MC is low, it returns to the base station for energy replenishment.

We need to choose different MC stopping points from each set of sensor nodes from each set of
networks. After selecting a specific area by MC and DC, both chargers jointly start energy
transmission to the sensor node. At different times slot MC turns its antenna orientation toward the
area of DC to transmit maximum energy. To overcome the joint energy replenishment challenge, we
need to transmit maximum energy to each sensor node at each time slot to collect maximum data
from each node. It is quite hard to utilize the limited energy of DC and MC to charge the lowest
energy demand sensor node and maintain the network performance continuously. For energy
transmission to each set, MC selects its route from the base station. MC finds the optimal stop location
in each set of sensor nodes with the help of Mix Integral Programming. In RWSNss, after finding the
optimal location, MC starts to replenish charging power to each node that is out of the coverage area
of DC and in the coverage area of DC.

Voronoi diagram has been used to divide the network area into different sets. In RWSNs, we
must allocate a time slot-based algorithm for energy transmission to each node. The joint charging
process is usually used to transmit energy in each set of networks. For proper energy transmission to
each node, we select the tour length of MC. We bound the length of the MC tour to maintain network
operation. The proposed work’s objective is to increase each node’s sensing rate.

In our proposed research, simulation is built in the widely used MATLAB. Experiment results
show our proposed algorithm works efficiently to obtain maximum throughput. The main
contribution of this paper can be summarized as follows. To the best of our knowledge, this is the
first work to study the joint scheduling problem of DC and MC for energy replenishment. We noticed
that the throughput of WRSNs can be further improved by jointly working on the performance of the
MC and DC. We design a near-optimal joint energy replenishment algorithm and propose a central
charging point selection algorithm for proper energy transmission. Extensive simulation results are
conducted to indicate the effectiveness and advantages of our algorithms. Figure 2 shows the
methodology of the research work.
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Figure 2. Methodology.

This flowchart contains a multi-step algorithmic methodology to increase power consumption
and charging productivity. It starts with the first algorithm (Min-Charging), which distinguishes the
arrangement of nodes with the required minimum energy assumption. Depending on whether the
energy condition (E XY exceeds the most extreme limit of the battery (B maximum, the cycle process
into different paths. It is unlikely that E XY is more remarkable than the calculation of B maximum)
second algorithm (MaxLife) is used to decide on charging, the cycle checks if E XY, MCD exceeds B
maximum Assuming it does, Algorithm 3 (MinDT) is used to limit rest time and increase energy
productivity the extra chance that E XY, MCD is not exactly B maximum , both calculation in
algorithm 3 (MinDT) and algorithm 4 (MaxCE) are used to limit the rest time and expand the charging
efficiency This organized methodology expects to improve the total energy of the system and the
functionality efficiency in overall system. Figure 3 shows the framework of the algorithms.
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Algorithm 1 (MinCharging)
Find nodes-minimum sets and the set with
minimum energy requirement.

YES NO
Exy > Bmax

YES NO
Exy,mcd> Bmax

Algorithm 2 (MaxLife)

Determine charging proportion and
arrange charging order to maximize
lifetime.

Algorithm 3 (MinDT) and
Algorithm 4 (MaxCE)
Minimize Sleep Time while Maximize
Charging Effeciency

Algorithm 3 (MinDT)

Minimize Sleep Time while Maximize
Energy Effeciency

Figure 3. Algorithm Framework.

4. Network Model

In RWSNs, it should be desirable that all sensor nodes should be charged before its energy
depletion. To achieve this goal, we need to transmit maximum charging power to maximum sensor
node at each time slot. In RWSNs, a set of rechargeable sensor node S = [sy,53,53,..... ,Spl, a set of
sink station A = [aq,a,,ads,..... a,] and a set of directional chargers D = [dy,d,d3....d,] are
deployed randomly at different position. Where each sensor node senses data and transmits data to
sink node. In RWSNs, we jointly used MC and DC to transmit maximum energy to maximum sensor
node as per energy demand.

After replenishing energy from the basic station MC select its shortest routing path to charge
sensor nodes which are out of coverage of DC as well as under the coverage of MC. At different time
slot, MC turn their route towards directional charger coverage area and transmit energy to the
different sensor nodes which are in the coverage area of DC to maintain the energy level of each node.
So in our propose scheme we need to schedule the routing path of mobile charge to covers sensor
nodes which are out of coverage area of DC as well as which is under the coverage area of directional
charger.

In this research, we apply a tree topology with fixed routing path, where each sensor node has
only single link to next hop. One bit of data is sensed by node i and transmit to sink station through
a fixed routing table. In this research, we divide nodes into different sets. In RWSNs, we need to
schedule the MC to transmit maximum energy to each sensor node.

We divide time series of directional charger into different slots T = [t...,t] each time slot, DC
changes its each orientation from two orientations with 90° to transmit charging power to the
different no node in the area of network. At each two orientation, directional charger covers different
number of nodes with 90° angle. DC covers each two orientations with 90° angle to increase
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coverage length of nodes for energy transmission. The total coverage area of DC is 180° angle. MC
M covers remaining 180 angle area which is uncovered by the DC.

In RWSNs, each node have different energy consumption rate at different time. We need to select
optimal stoping point of MC from each set of sensor nodes to transmit maximum charging power to
maximum sensor nodes. The objective of this research is to maximize network lifetime with the help
of maximum energy transmission. Thus we apply the following model for optimization.

MAX  1c,xi = +2(-1 2l 1)

s.t. 1+ fig"”) = figout) )

€, (i)Ti + er(i)ﬁ(ln) + et(i)ﬁ(out) > ec(i) (3)
ec(i) = T, Xy Pe(i)) 4)

Eq. 1 shows the sensing rate of node i, Eq. 2 shows the data conservation constraint. For each
sensor node, the aggregated incoming data flow equal to the aggregated data outgoing flow. Eq. 3
calculates the available charging power of every sensor node. Eq. 4 is the power which shows that
the consumption charging power should never exceed the total charging power. Eq. 5 shows the
sensor node coverage area in the network area where MC transmits charging power at the node.

Table 1. Notation Description.

Symbol | Defination

T sensing rate of node i
n number of nodes which are deployed in the area of network
m number of chargers which are deployed in the area of network

data inflow in node i

data outflow of node i

xij denote wither node i isin charger j coverage area

e,(i) | parameter energy consumption for node to sense one bit of data

e-(i) | parameter energy consumption for node to receive one bit of data

e.(i) | parameter energy consumption for node to transmit one bit of data

ec(ij) | charging power that comes from charger j tonode i

Xij node i coverage area where mobile charger j provide energy at each super node
Cij relationship between mobile charger and super node
Y; is the first super node where mobile charger j transmit energy to super node i

P.(i) | position of the node where mobile charger j provide energy to the node i

5. Charging Model

Our design is based on the power cast wireless charging and sensing platform> we utilize the
friis space equation, which has been experimentally proved to be a good approximation of the energy
recharging and commonly applied, to represent the energy recharging model in Eq. 6. We claim that
our design can work on any energy-recharging model, whose charging power is monotone and
increase with the distance betwwen charger and sensor node.

_ GsGrn A
Pr= Lp (4n(d+b)2) Po (6)
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Where dis is the Euclidean distance between the charger and sensor node. p, is the source power.
Gs is the source antenna gain. G, is the receive antenna gain. L, is the polarization loss. 7 is a
parameter to adjust the model for short-distance transmission. 4 is the wavelength b is the
parameter to set the rectifier efficiency. For easy presentation, we simplify the energy charging model

as shown in Eq. 7.
a

P= (d+b)? (7)

6. Problem Formulation

In our proposed scheme for WRSNSs, for proper energy transmission to each sensor node, first
we divide the network area into different sets. With the help of different sets, we can transmit
maximum energy to each sensor node. We use a Voronoi-based algorithm to divide the network area
into different sets. In each set of the network one DC and MC are used to transmit energy to the
different sensor nodes in RWSNs. The process of charging with a mobile charger is highly gained.
We can combine nodes within different sets N then all nodes in the coverage of DC and out of DC
coverage area in G can be charged at different time slots.

6.1. Time Slot-Based Charging

The proposed charging algorithm jointly works with directional and mobile chargers. The
schedule of directional chargers and mobile chargers is identical and the charging activities of each
set of nodes are repeated at different times. Due to the time-varying nature of energy demand, we
divide the time for joint energy transmission in each node into fixed time intervals with length L. MC
contains multiple slots for energy transmission. In each time slot, MC run a tour to selectively
recharge sensor nodes from low energy levels. Energy transmission of one node should be finished
before the current slot ends. To assure the next node energy transmission can be timely started in the
next period. In the network area, sensor nodes as well as DC consume energy at different rates. We
need to divide the time for energy transmission according to slot length. MC and DC jointly recharge
sensor nodes to maintain the energy level of each node. A slot is the smallest time unit where one
charger can replenish energy to each node. In the network area, MC is responsible for energy
transmission at each set of network areas. In each set of networks, time is divided for different sensor
nodes as well as directional chargers. Each set has one DC which covers sensor nodes. At each time
slot, the MC antenna changes its orientation to select a node for energy transmission.

The length of slot is T = (a —)T,, which is the duration of each node for energy transmission.
They required charging period of each node is based on slot length. The cycle length L is the required
charging period of all sensors in each set of networks. The duration of the charging period of each
node can be counted in term of the slot. Suppose the sensor is categorize into the number of N =
(ny,ny,...,n,) inset. The required charging period of each setis T = [ty,t;,...,t,] in each slot.

M = [my,m,,....,m,] with each node set and slot-based design. We can periodically schedule
the power replenishment into slots based on the node-set. According to the schedule, in each period
MC selectively charge a set of noes. We can give slots based on periodical charging. We first obtain
nodes which have equal energy demand and then finally get recharging nodes as they have low data
sensing rates because of low levels of energy. The charging tasks are issued in different slots at each
time. A slot is called a working slot once there charging task issued in slot. The purpose of this
algorithm is to obtain all working slots in one stopping point of MC.

6.2. Optimal Stopping Point with Mix Integral Programming

In a rechargeable wireless sensor network, the feasible region is the region where all constraints
are satisfied. Pseudo- code for feasible region is as B is the base station in RWSNs area. R; is the
radius n is the number of nodes N in one set of network area. Assume all nodes use power p,.

Now the idea is interesting to narrow down the continuous stop of charger in each set of network
area, target node A to be located by the circle where charger randomly stops at 2 position
destination by x; , x,. Let d = (x1,x;) is the euclidian distance. t = (i,x) is the time for node i
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charge when charger stops at position x thenif t = (i,x;),<t = (i,x,) then d = (i,x) < d = (i,x3)
using all feasible regions remains as convex polygons. The optimal point or optimal location of mobile
charger accurse at the corner point of the feasible region normally.

We define the feasible region as p; is the energy available at source ias i = (1,2,3...n). p; is
the energy available at destination j as j = (1,2,3,...n). X;j energy distribution from source node i
to destination j. C;j is the energy loss from source node i to destination j. Here we can write the
problem mathematically using mixed integral programming as shown in Eq. 8, 9, 10 and 11.

2%y 271 Gy @8)
Rt =pi(i=123,...n) )
I (Xy) =e(i=123,...n) (10)
x;j =0 (11)

Now consider the pair of nodes A and B as the targeted node and base node with feasible
regions with R, and R; in each set of networks. Let the charger stop at x, then the Eq. 12, 13 are as

follows
Vx4€R, (12)
d(xy, x;) < dax(Rq, x,) (13)
and Eq 14, and 15 are
Vx,€R, (14)
d(xp, %) < dmin(R2, %) (15)

7. Mobile Charging Energy Transmission Protocol

The process of charging with a mobile charger antenna is highly gain which is usually used to
transmit energy. We can combine nodes within different set N and each set have a directional
charger. When MC stop at the centre of N then all nodes and one directional charger in G area can
be charged at different time slots. There are different nodes and one DC in each set of network
coverage area which is covered by the mobile charger. The real number of networks cannot be larger
then N.

G is the region and can be obtained from one set of network area that G = n%tan?(6%) where d
is the shortest distance between MC and DC. The charging angle 8 for MC to cover the set of nodes
and DC.In G area, to satisfy DC with charging power, we assign the maximum power consumption
rate of all nodes as well as DCin G area thatis p; = max(p;eG)

To ensure the maximum number of nodes and DC to meet the relation n < u/p in which u is
the charging power and p is the average power consumption in all DC nodes and coverage area. We
set the average charging time t of the mobile charger to ensure the total charging power is greater
than or equal to the energy depletion rate of all sensor nodes and DC, thatis Ut — npt = 0. By setting
of t and performing transposition, we get n < Up. Due to the existence of mobile charger moving
time t,,, it would lead to U -t —np(t + t,,,) > 0. As long t,, exist, even very small, the relation can
be obtainas U —np > 0, thatis n <u/p-s.

We define the MC charging coverage utility at stop s, on MC charging orientation 6, as the
sum of received power of the charging.

(sk,0sk) denotes the coverage area which is covered at the one-stop of MC in any MC antenna
orientations;,. MC stopping point s, in charging orientation 6;k and MC stop at the m point and
find optimal antenna orientation {6;k",8;k?,6:k™}. The maximum charging utility at one stopping
point is shown in Eq. 16.

Unmax (k) = max{U(sy, 6sk"), U(sy, 05k?), ..., U(sy, 6k™)} (16)

here U(sy, 6;k™) denotes the coverage area which is covered at the one stop of MC in any MC
antenna orientation 6. From different nodes, we get the link Lg = {l;,1,,...,l;;,} we have to choose
different stop of the mobile charger. We have to choose different stop of mobile charger p, =
{p1,02,...,Pn} to connect node for data transmission and their corresponding charging direction,
where 6.k'e{0;k*0:k?,...,0,k™}. 0 is the possible MC direction to transmit energy to different
nodes. We use Uy, (s) to denote the maximum coverage area of the network with the help of MC
from one stopping point of MC, shown in Eq 17, 18 and 19.
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Ly = {ls1, ls2, -, Psn}, (sk)ecs (18)

05k €(050%, -, 03}, 051 €0, O3} (19)

There is a different orientation of MC change to transmit energy to the different sensor nodes.
We can calculate the possible coverage utilities at s;5,,...,s, with one point of MC.

7.1. Algorithm for Length Constrained of Mobile Charger

In this section, we select the tour length of MC for energy transmission. MC charge all nodes
which is in the coverage area. Some nodes which are very far from the MC tour cannot find energy
then MC selects these nodes in the second tour. So, we need to bind each MC tour to transmit
maximum energy within a maximum time. In this section, first we select a close energy transmission
tour C for a set of selected sensor nodes B(v,) to maximize the accumulative charging utility gain.
Then we check the length C of the mobile charging tour. If yes, then C is a feasible energy
transmission tour. A sensor node belonging to vec with minimum ratio g(v,) will be removed,
P(vy) is defined as shown in Eq 20 and 21.

_9(y)
~ B(w)
2_"uenc+(vk)nc + (Uj)(f(cu) - f(REu))

c, —re
Zuenc+(vk)nc + (vj) %

Assume a sensor node v is removed from the MC charging tour C and also charged in next
charging tour. Two nodes are neighbour nodes in tour C, u and v respectively. The existing two
edges (u,v) in C. When node i is removed then both edges will be also removed which connects
node i tonode j and anew edge (u,v) is added in MC tour. The length C of MC will be reduced.
The node removal procedure continues until all nodes get proper energy from the MC.

p(vy)

7.2. Joint Base Algorithm

To tackle the problem, we propose the following solution. We design the joint-based algorithm
for maximum energy transmission from DC and MC jointly to each sensor node. The only constraint
comes from the limited energy that in each time slot, the total energy used by sensing and
communication should never exceed the sum of remaining energy and charged energy. The
consumed energy should be expressed as

N® N

My
t
d® =po™i + prz fjﬁt) + Z(pt +ed})f(®); + Z(pt +ef) -
j=1 j=1 k=1

Where po is the unit of energy of sensing and 0 < Cbl-(t) < Cbl-(t) . For each sensor node in state R, the
total received energy can be expressed by.

Mc
w(e)y= ) —
YT Lidg, +b
m=1
where 0 < lzy(t)i < lpmax

The remaining energy after time ¢ can be calculated as.
etV —o(t), + ¥(t);
Thus, the battery capacity constraints is obtain
0<e® <B,
Maximum energy transmission can help to increase the sensing rate of each node. The selection
of a node in each set with both chargers depends on the remaining energy to each node so we need
to transmit maximum energy to each sensor node. At each time slot, after the selection of optimal

charging point p; in set s;, the MC antenna selects the node for energy transmission. MC should be
covered with a specific area of network but the remaining area of RWSNs should be covered by the
DC. The angle of static DC should be decided by the energy demand of each node. At each time slot,
each node requires different energy level. We set the score for each node in each iteration to evaluate
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its demand for being charged. Intuitively, the node with lower energy should have the charging
priority. On the other hand, we adopt a tree-based routing protocol in our design. Then nodes in the
upper layer should obtain more energy since they will take on more relay tasks.

Therefore, we design such scoring mechanism ﬁ, where g is related to the number of

node’ s layer (a closer node is in a top layer), e denotes the remaining energy after the previous time
slot, p is the charging power that node has received in the current time slot, and ¢ is a factor to avoid
the denominator being zero. Thus, in each time slot, we run the following mechanism to obtain MC
and DC orientation scheduling. In each iteration, we update each node’s score, then we can calculate
each sector’s total score, and we select the sector with highest score greedily. This process continues
until every charger has decided on its covering sector. After the charger’s orientation has been
decided, it is easy to obtain each node’s energy level in the current time slot. After that, we adopt the
tree-based routing protocol to transmit data. In the area of the network, throughput is recorded, and
the node’s energy is updated from time to time.

In a tree-based routing algorithm at each time slot, we need to check the data transmission rate
to decide the energy transmission rate of each node. MC and DC jointly satisfy energy transmission.
After that, the candidate’s next hope node with the smallest weight is selected as the actual next hope
node during the process of considering the route and finding. The charging capability can be
expressed as the energy level and the charging duration is equivalent to the size of the remaining
energy and the charged energy. In the first layer, we consider nodes with low battery energy and
high energy consumption as those dying nodes or more preciously, these nodes are more likely to
die from exhaustion. In a network, the lower the residual energy is, the greater the energy
consumption of the node.

8. Performance Evaluation

In this section, we describe the comprehensive simulation experiments to investigate the
algorithm performance under different influence factors such as to sense maximum data as well as
transmit data from each node. In the existing literature, no study focuses on MC and DC joint energy
transmission in the network area. In this paper, all results are obtained from MATLAB.

8.1. Simulation Setting

We consider RWSNSs, in which sensor nodes are equipped with the Powercast MC and DC
charger and receivers employed. The 200 sensor nodes are randomly deployed in a 200m x 200m
area and are used to monitor the environment and charge the sensor node. In RWSNSs, different base
stations are used to analyze the data from each set of network areas. In our proposed network area,
we did experiments with different numbers of requested nodes in which charging planning is
arranged. The entire charging protocol is evaluated in real-time on-demand scenarios.

In RWSNs, we use DC and MC jointly for maximum energy transmission. To assess the
effectiveness of our proposed scheduling policies, we will now present the performance evaluation
in RWSNs, which will be carried out using a discrete-evolution simulator. To evaluate the merits of
our proposed algorithm, we run simulations to find the results of our proposed algorithm. To
understand the performance of RWSNSs, the joint energy transmission level of MC and DC should be
changed at each time slot to check the performance of each node. We mainly focus on the validity of
our proposed algorithm with joint energy transmission protocol. The MC routing path should be
increased and decreased according to the energy demand of the sensor node. The sensing rate of each
node is randomly chosen. Each sensor node has a different energy consumption rate. Each set of
nodes is randomly chosen by MC. The corresponding information of the sensor node is generated
and transmitted to the sink nodes.

In RWSNs, nodes send charging requests to DC and MC when their energy level is low. At each
network set, MC records the energy request from each node, which is deployed in the DC coverage
area as well as out of the coverage area of DC. The MC antenna changes its orientation at each time
slot to transmit energy to RWSNs. The results show that DC transmits energy to each sensor node in
the network area when sensor nodes send energy transmission requests. Recharging requests from
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each sensor node randomly arrived at chargers. MC selects its route to transmit energy to each sensor
node. We use mixed integral programming to find the central point of MC to transmit maximum
charging power to each sensor node

In Figure 4, The network area is divided into subnetwork. Since there are different subnetworks
and base stations needed for data analysis, Different nodes are located in each set of nodes in each
subnetwork when designing the strategy. We can increase or decrease the length of each set of
network areas. When the length of nodes in each set increases and decreases, the energy consumption
level will be changed. In this figure, the energy consumption level is directly proportional to the data
sensing rate of each node.
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o
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Numer of Nodes

Figure 4. Impact of Hop Count on Tour Length.

Figure 5 shows that the network coverage area is 180°. In this graph, the DC charger covers
several nodes for energy transmission. DC changes its orientation to transmit energy to each sensor
node. When the number of nodes increases, the energy rate will also increase. The remaining area of
DC will be covered with MC for energy transmission. With the help of joint energy transmission,
each sensor node consumes maximum energy from MC and DC. The percentage of data in each set
of networks. In each set of networks, we see each node’s data transmission percentage. When the
number of nodes increases, the energy transmission level should also increase. The novelty of this
work is that the data transmission level is still maintained because of MC and DC joint energy
transmission.
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Figure 5. Set of nodes with 180° coverage area

In Figure 6, the energy level of each node at different time slots is shown. In RWSNs, DC and
MC jointly cover each set of network areas for maximum energy transmission to each sensor node.
In RWSNss, we change the time slot allocation at each set of nodes for maximum energy transmission.
As aresult, each node consumes maximum energy from each node at each time slot. We can improve
the network efficiency after transmitting maximum energy to each node.

11 T T T T T T T T T

|— Maximum Energy Level

10f 1

Energy Consumption of each node
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———
e

4 1 Il 1 1 1 ! 1 1 Il
20 40 60 80 100 120 140 160 180 200

Number of Nodes

Figure 6. Different energy consumption levels of each node.

Figure 7 shows the set charging range. It is shown initially that the energy level will rise and
then decline with an increase. At the segment point and the final point, the whole charging system
possesses the highest system efficiency. In the subnetwork, each node is deployed in different sets.
First, in the network area, each node’s residual energy is more, indicating that the network works
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perpetually. However, simultaneously, in each set of networks, the residual energy of each node will
reach maximum. This situation indicates the maximum energy would be transmitted in each node.
But at the same time, the node that consumes low energy would inevitably obtain more energy with
the help of DC and MC. In the maximum energy transmission phenomenon, all nodes in each set can
harvest maximum energy from MC and DC.
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1.045 1 1 1 1 1 1
0 5 10 15 20 25 30 35

Nodes number
Figure 7. Energy consumption rate from initial to final level.

Figure 8 shows the energy consumption of each node is the same as the data transmission level
change at each time slot. In this graph, the data transmission level of each node is the same as the
number of node changes in each set of networks. MC shows the energy transmission level of each
node. When MC changes its charging cycle orientation, the energy level of each node is still
maintained. At each round, nodes have different energy levels. When the energy level of each node
is low, sensor nodes charge requests to the MC. MC comes in the set of networks to transmit energy
to each set of nodes.
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Figure 8. Data sensing rate of different node.

In Figure 9, we divide energy consumption into two stages: one is the initial level, and the other
is the final level. At the initial level, the energy consumption level is low, and the data sensing level
is low. In the final stage, we see that the energy consumption level will increase as data consumption
and data transmission levels will increase.
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Figure 9. Maximum energy transmission in maximum timeslot.
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In Figure 10, in each time slot, when the number of nodes increases data sensing rate and data
transmission rate will increase. In the network area, when energy transmission is maximum in each
node, we can increase each node’s time slot. When the time slot increases data sensing and data
transmission rate is maximum. In RWSNs, we see maximum time slot allocation. As a result, we can
see that in each set of networks, we allocate a maximum time slot to sense maximum data from each
sensor node.
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Figure 10. Highest energy transmission in the highest timeslot.

In RWSNSs, the node stops working as its residual energy will be below its threshold level.
Therefore, the lifetime will be to end. We can see the residual energy of each node is still high,
especially the nodes with lower consumption. Without an energy supply, the network cannot work
the network only runs for the minimum time. The only MC charging scheduling does not maintain
the functionality of RWSNss perpetually. All nodes do not gain energy before a specific level of energy.
We need to replenish energy to maximum each node before its threshold level. In this regard we need
to use MC and DC jointly to properly transmit energy to each node to ensure the network functions
perpetually. It is clearly shown that our proposed joint energy transmission algorithm supports more
nodes for maximum energy transmission.

Figure 11 shows the data sensing rate from the lowest rate to the highest sensing rate. The data
sensing rate starts from the lowest level. As the number of nodes increases, the energy consumption
rate will also increase. After the consumption of maximum energy, each node can sense maximum
data. In this figure, the data sensing rate starts from zero when the energy level is near the dead level.
At each time slot when the energy consumption level increases, the data sensing and data
transmission rate should be high. By joint energy transmission of each node, when the number of
nodes will increase, the data sensing rate should be increased. The network area has no data loss
because of the highest energy transmission from MC and DC.
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Figure 11. Nodes coverage area with 90° angle

Figure 12 shows the maximum sensing rate of each node in each set. In this network, each node
senses maximum data and transmits maximum data after transmitting maximum energy to each
node. Each node can sense maximum data after transmission of maximum energy. As a result, the
figure shows each node’s highest data sensing rate. In this research, we can increase network
efficiency with the help of maximum energy transmission from MC and DC and maximum data
transmission.
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Figure 12. Data sensing rate from lowest to highest.
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Figure 13 shows the highest energy consumption rate to the low energy rate. As the timeslot and
number of nodes increase at each set of nodes, the energy level will decrease. When the number of
nodes increases in the network area, the energy level will decrease. The efficiency of our proposed
research is that each node maintains its working power to sense data from each node. Our proposed
research shows that each node senses maximum data at each timeslot with the maximum energy
transmission.
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Figure 13. Energy consumption rate from highest to lowest.

Figure 14 shows the minimum slot length of each node. In RWSN:Ss, the slot length is higher when
data transmission and data sensing rates are high. When MC travels to find different sets from
different distances for energy transmission, our proposed work’s performance will be increased. As
a result, sensor nodes must be charged more frequently when MC and DC work together for energy
transmission. MC and DC transmit energy to each node when both chargers send charging requests
to each node.


https://doi.org/10.20944/preprints202409.0622.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 September 2024 d0i:10.20944/preprints202409.0622.v1

20

200 T . . T i

— Maximum Time for Energy Transmission

180 -

—_ —_
e D
o o

T T

—_

n

o
T

o]
o
T

Energy Transmission Time
o =
o o
T T

40

20

o 1 1 1 1 1
-500 0 500 1000 1500 2000 2500

Number of Nodes

Figure 14. Impact of Hop Count on Tour Length.

9. Conclusion

In this research, we have studied the optimization charging path problem for rechargeable
wireless sensor networks. To obtain a reasonable mobile charging route for the sensor node. We
formulated the problem to sense maximum data from the area of the network. Our mobile charging
schedule routing path can ensure the efficient work of RWSNs under certain constraint conditions.
Meanwhile, it can maximize the network lifetime, which helps sense the maximum data from the
area of RWSNs. We use the TSP algorithm, which helps transmit maximum energy to each sensor
node fully. The existing algorithm works very effectively to transmit energy to each node. After the
transmission of maximum energy to each node then, all nodes can easily sense data from the area of
the network.
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