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Abstract: Software Defined Wireless Sensor Networks (SDWSN) provides a cen-
tralized scheduling algorithm to decrease energy consumption compared to WSN.
The sensor nodes have a finite battery capacity in the SDWSN that reduces the
lifetime of the nodes. To harvest energy for energy depleted nodes without inter-
fering with the eventful data transfer in the clustered SDWSN, an energy efficient
mobile harvesting scheme with the Multiple Input Single Output (MISO) beam-
forming technique is proposed. The mobile harvesting scheme transfer the energy
to the energy starving node and the beamforming algorithm which transmits the
energy in the desired direction increases the lifetime of the nodes. The Secondary
Cluster Head (SCH) node in a cluster is selected based on Particle Swarm Opti-
mization (PSO) with the distance between mobile harvester and sensor node, the
energy consumption rate of a node and lifetime of a nodes constraints for harvest-
ing energy without interrupting data transfer to sink node in clustered SDWSN.
The distributed scheduling algorithm and efficient path planning decrease the
energy consumption of mobile harvester in the network. The optimization pro-
blem is formulated with Signal to Noise Ratio (SNR) and transmit power con-
straints to increase the harvested energy for sensor nodes in the network. The
simulation results show the enhanced performance of the proposed algorithm
compared to the existing algorithm in terms of residual energy, end to end delay,
throughput, travel distance, service time and charging delay.

Keywords: Software defined wireless sensor network; secondary cluster head;
mobile energy harvesting; multiple input single output; beamforming; particle
swarm optimization

1 Introduction

In WSN, the sensor nodes are either uniformly or randomly deployed to monitor and send data to the
sink node, even in remote areas used for various applications. The various routing protocols and
algorithms are proposed to improve the lifetime of the network. The tradeoff between the energy
dissipation of a node and total energy consumption has analyzed by different cost function transmission
algorithms to increase the lifetime of the first node died in the WSN [1]. Each node frequently sends the
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broadcast messages to identify the nearby nodes in WSN increases the overhead and energy consumption in
the WSN. Hence, the control plane and data plane are separated to conserve energy in the SDWSN.

In SDWSN, the sensor node performs the forwarding task instead of making routing decisions, and
broadcasting messages to neighbour nodes decreases the energy consumption of nodes in the network.
An adaptive particle swarm optimization algorithm for efficient routing in SDWSN is proposed to
increase the lifetime of the nodes [2]. The various proposed energy consumption algorithms are not
efficient when the node is battery powered. Nowadays, energy harvesting algorithms have emerged for
harvest energy to the sensor nodes when the lifetime of the node is reduced in the network.

The static Radio Frequency transmitters harvest the sensor nodes in SDWSN has proposed to increase
the energy-charged and fair distribution of energy in the network [3]. The wireless energy transfer technology
by the static source in the network decreases the harvested energy when the distance increases. Therefore,
mobile wireless chargers (e.g., SenCar) are deployed to increases the efficiency of the harvesting energy
in the network. The uneven cluster-based mobile charging algorithm has been proposed to decrease the
number of dead nodes with the multi-hop energy transfer technology in the Wireless Rechargeable Sensor
Network (WRSN) [4]. In the mobile energy harvesting network, the scheduling optimization problem is
formulated to increase the data collection under the radio link quality and energy harvesting efficiency
constraints in the network [5]. However, these harvesting algorithms are implemented with an
omnidirectional antenna for harvest energy to sensor nodes decreases the harvesting energy and collection
of data by mobile chargers lead to an increase in the end to end delay in the network.

The directional transmission of the signal by the beamforming technique cancels the interference from
the other users for a desired user in the network. To maximize the throughput and energy efficiency under a
transmit power constraint, the power allocation, and regularization parameters are jointly designed for
Regularized Zero forcing Beamforming technique [6]. In MISO–Non Orthogonal Multiple Access
(NOMA) system, the energy efficient beamforming technique has formulated to increase the energy
efficiency in the network with transmit power constraints and minimum user rate requirements [7].
Hence, the beamforming techniques are implemented between a Base Station (BS) and sensor nodes
(users) not in the cluster-based SDWSN and not employed for the mobile chargers in the networks.

The optimization algorithms are implemented to get an optimal solution by maximizing or minimizing
the objective function. The Particle Swarm Optimization (PSO) algorithm is one of the swarm intelligence
techniques inspired by the behaviour of nature like bird flocking and fish schooling [8]. The PSO algorithm is
simple and high speed convergence where multiple iterations of the optimization problem have been
performed to increase the quality of the solution. The implementation of a complex optimization
algorithm for the election of Cluster Head (CH) in an iteration manner increases the network complexity.
If the optimization algorithm is simple, the network efficiency becomes increases hence the PSO
algorithm is used to optimize the Cluster Head (CH) [9]. The selection of CH is based on PSO with sink
distance, intra-cluster distance and residual energy of sensor nodes metrics in the network [10]. Therefore,
the election of CH based on PSO has implemented based on distance and energy without considering the
energy consumption rate of a sensor node in the network.

In Literature, various energy harvesting techniques and beamforming algorithms have been proposed to
improve the lifetime of the network. However, beamforming algorithms are not utilized for mobile energy
harvesting in SDWSN. Therefore a new mobile energy harvesting with MISO beamforming has been
presented to improve the lifetime of the SDWSN. The contribution of the proposed algorithm is
summarized as follows

1. The mobile chargers with a beamforming technique for energy harvesting in the clustered SDWSN is
proposed to increase the lifetime of a node.
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2. The election of the Secondary cluster head in each cluster based on the PSO algorithm with distance
and energy consumption rate constraints is introduced for harvesting energy in the network.

3. The mobile harvesting scheme with the beamforming algorithm is proposed to transfer the energy to
the energy starving node in the desired direction to increases the lifetime of the nodes.

4. The scheduling and efficient path planning of the mobile harvester is estimated to increase the
lifetime of the mobile charges.

5. The optimization problem with beamforming design is formulated to increase the harvested power in
the network with SNR and transmit power constraints.

6. The performance of the proposed algorithm is evaluated and compared with the existing algorithm.

The paper is organized as follows. Section 2 presents the Network model with the formation of a
cluster, the election of cluster head and the energy model. Section 3 discusses the proposed system model
and MISO beamforming algorithm in the SDWSN. Section 4 introduces the selection of SCH nodes
based on the PSO algorithm. Section 5 presents the mobile charging process in the proposed system.
Section 6 compares the performance of the proposed algorithm with the existing algorithm. Finally, the
work is concluded in Section 7.

2 System Model

In this section, the network model using cluster formation with the election of the primary cluster head
and the energy model for the proposed system are described. The symbols used in the proposed approach
described in Tab. 1.

Table 1: Symbols and description

Symbols Description Symbols Description

PCHV Primary CH Value α Weighting parameter

Eresiduali Residual energy of node i Einitiali Initial energy of node i

Eavg consumed Average consumed energy of all
sensor nodes in the network

avgðdto BSÞ Average distance between all sensor
nodes in the network and BS

Econsumedi Energy consumed by node i di to BS Distance between node i and BS

CR Cluster radius dCHj to BS Distance between CHj and BS

dmin to BS Minimum distance among the
nodes in the network and BS

dmax to BS Maximum distance among the nodes
in the network and BS

β Adjustment coefficient R Maximum cluster radius

M Number of sensor nodes Es Energy consumed for sensing

f si Sensing rate of node i φ, ρ Parameter

Et Energy consumed for transmitting CHneighbour nodes Number of neighbour nodes of
particular CH

dij
ɑ Distance between node i and

node j
ECRi(t-1) Energy Consumption Rate of a node i

at time t-1

ɑ Path loss coefficient f rxi Reception rate of node i

s Scale factor in the range [0, 1] ei(t) Residual energy of a node i at time t

Δ Time taken for calculating ECRi(t) ECRi(t) Energy Consumption Rate of node i at
time t
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2.1 Cluster Formation and Election of Primary Cluster Head

In the proposed SDWSN, M sensor nodes are randomly deployed in the N x N grid area is shown in
Fig. 1. The BS is located in the centre of the network. All Sensor nodes and BS are static in the network.
The mobile chargers are initially located at the BS. If the sensor node sends the request to the mobile
charger through the SCH node, the charger dispatch from the BS to the energy required sensor node to
harvest energy in the network. The sensor nodes send the data to the BS through the Primary CH (PCH)
node. In the SDWSN, the election of the PCH node (controller node) is given by

PCHV ¼ a
Eresiduali

Einitiali

� �
Eavg consumed

Econsumedi

� �
þ ð1� aÞ 1� di to BS

dmax to BS

� �
(1)

where α = 0.4. The PCHV for all the nodes in the SDWSN is calculated and arranged in descending order.
The Sensor node is having the highest PCHV is elected as a PCH. The formation of a cluster in the SDWSN is

CR ¼ 1þ dCHj to BS � avgðdto BSÞ
bðdmax to BS � dmin to BSÞ

� �
1� CHneighbour nodes

ð1� bÞM
� �

R (2)

where β = 0.7 and R = 20 m. The distance between the sensor node and PCH node is less than the CR then the
node is added to that cluster otherwise the node added to the cluster having the distance is smaller than
the PCH node. The process is repeated until all the M sensor nodes joined the cluster in the SDWSN.
Once the sensor nodes are deployed, the clusters are formed and the cluster head is selected based on
Eqs. (1) and (2) in the proposed network is shown in Fig. 1. The sensor nodes in each cluster forward data
to the PCH node without broadcasting its information to neighbour nodes in the network. It reduces the
overheads and the energy consumption of the sensor node in the proposed network. The MC charges the
sensor node directly if the node is within the MC transmission range otherwise through the SCH node of a
cluster. In the existing system, the sensor nodes send the data directly to the BS. When the energy of the
sensor node less than the threshold energy, the sensor nodes in the network send the request to the BS.
After the first request has received at the BS, the cluster formation and election of cluster head have started
in the existing algorithm. The sensor node sends data individually to the BS and frequently broadcasting the
information to neighbour nodes leads to a decrease in the lifetime of the network in the existing algorithm.

Figure 1: Network model
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2.2 Energy Model

The energy consumption model for sensing the data by sensor nodes in the network [11] is

Es ¼ ’ � f si (3)

where φ = 60 nJ. The energy consumption model for transmitting the data is

Et ¼ C � f txi (4)

where C = λ1 + λ2dij
ɑ, λ1 = 45 pJ, λ2 = 1 x 10−3 pJ, the distance between the two nodes is calculated as

d ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðx2 � x1Þ2 þ ðy2 � y1Þ2

q
, and ɑ = 4. The energy consumption model for receiving the data in the

network is given by

Er ¼ q� f rxi (5)

where ρ = 135 nJ. The Energy Consumption Rate model while charging and not charging of the sensor node
by the mobile charger in the network [12] is given by

ECRiðtÞ ¼ ð1� sÞ � ECRiðt � 1Þ þ sfeiðt � DÞ � eiðtÞg
D

; Not charging

ECRiðt � 1Þ ; charging

( )
(6)

where Δ = 10 sec. The charging request includes the ECRi(t) and residual energy of a node at time t while
sending to the MC in the SDWSN. Because, the dynamic energy consumption rate made the sensor node
become a dead node. Therefore, the MC needs to change the path to charge the node with high energy
consumption rate and low residual energy in the network to increase the lifetime of a node.

3 Proposed System with Beamforming Technique

In this section, proposed system model and the MISO beamforming for the proposed system are
described.

3.1 Proposed System Model

The proposed system model for clustered SDWSN with mobile chargers is shown in Fig. 2. In the
proposed system, the formation of cluster and election of the PCH node is based on Eqs. (1) and (2). The
randomly deployed sensor nodes do not broadcast information to the neighbour nodes only it sends data
or requests to the PCH and SCH nodes to reduce energy consumption in SDWSN. The sensor nodes in
the SDWSN send data to BS through the PCH node if the node energy is greater than the threshold
energy. Instead, the sensor node sends the charging request to the SCH node. The SCH node sends a
request to BS for dispatching the mobile charger from the BS. The efficient scheduling, routing and path
planning are implemented in the proposed network to increase the lifetime of the mobile charger. The
beamforming algorithm is implemented between the multi antenna mobile charger and a single antenna
sensor node to increase the harvested energy of the sensor node in the network. In the existing algorithm,
the cluster formation and cluster head are elected when the first charging request is received at the mobile
charger. Hence, the lifetime of the sensor nodes rapidly decreases in the network which made to receive
more charging requests and the requirement of a more mobile charger to charge the node to avoid the dead
node in the network. Further, the sensor node sends charging requests and data both through the cluster
head lead to interruption of sending and receiving data in the network. The mobile charger in the existing
network has to collect data from each cluster head results in an increasing end to end delay for sending data
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to BS. Therefore, the proposed system decreases the energy consumption of the sensor node and increases the
lifetime of a mobile charger without interruption of eventful data transfer in the clustered SDWSN.

3.2 MISO Beamforming

In the proposed system, the MC is equipped with two antennas and SN has a single antenna. The MC
having N > 1 antennas harvest energy to the single antenna SN (k = 1, 2,…, K) using transmit beamforming.
The MC sends the signal Sk with the transmit power Pk using the beamforming vector Wk є ℂN x 1. The
received signal at the SN can be written as

(7)

Lk ¼ 22 log10 d þ 42þ 20 log10
fc
5

(8)

where Lk is the path loss from MC to requested SN calculated using Eq. (8), k=[hk,1, hk,2] is the channel
vector between MC and SN. Sk=[ sk,1, sk,2], Wk=[ wk,1, wk,2], and nk is the Additive White Gaussian
Noise (AWGN) with zero mean and variance σ2 at the receiver. The harvested power received at the SN is

(9)

The total harvested power in the SDWSN is given by

(10)

Figure 2: Proposed system model
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where η is the energy conversion coefficient varies from 0 to 1. The Signal to Noise Ratio (SNR) at the
receiver SN is given by

(11)

The objective of the MISO beamforming in the proposed system is to maximize the harvested energy of
the SN in the network. Thus, the optimization problem is formulated with constraints can be defined as

(12)

subject to �k . �k

XK
k¼1

kWkk2 � PT

where �k is the SNR threshold and PT is the MC transmit power constraint. The solution to the problem is
given by

(13)

where Gk= [h1,k, …, hK,k] [13], Gk
†=Gk

H(Gk Gk
H)−1, ηk =Nσ

2/Pk [14] and IN is the N dimensional identity
matrix.

The optimization problem in the proposed system is formulated with Wk to get the optimal solution for
the beamforming technique. The Wk in the MISO beamforming technique is selected to cancel the
interference for the desired user to increase the harvested energy in the network. The problem is
formulated with SNR and transmit power constraints for efficiently transmitting the energy in the
network. Hence, the mobile harvesting with the MISO beamforming technique using multiple antennas at
MC and SN equipped with a single antenna increases the harvested energy and residual energy of the SN
in the clustered SDWSN.

4 Selection of SCH Node Based on PSO Algorithm

In the PSO algorithm, the initial particles are distributed randomly in search space. It can handle multiple
parameters with a series of iterations for finding all possible solutions. Each particle moves around in space
for a better solution and stores the previous solution among which best is chosen to increase the quality of the
solution. In each iteration, the best solution achieved by the particle in space is called personal best (pbest)
and another best solution achieved by any particle among the neighbourhood of that particle is the global best
(gbest). The particle is the potential solution in search space that has two properties velocity and position. The
velocity is the speed at which the particle change and position is the location of the particle in the search
space. The velocity and position are calculated as follows

Vkþ1 ¼ W � Vk þ C1 � r1 � ðpbestk � xkÞ þ C2 � r2 � ðgbestk � xkÞ (14)

Xkþ1 ¼ xk þ Vkþ1 (15)

where Vk+1 is the current velocity, W is the inertia weight, Vk is the previous velocity, C1= C2=2 is the
acceleration coefficient [15], r1 and r2 is the random number between 0 and 1, pbestk is the personal best
value, xk is the initial position, gbestk is the global best value and Xk+1 is the current position.
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The main disadvantage of the PSO algorithm is the fast convergence into a personal best solution. In
order to overcome the disadvantage, the inertia weight is given by

W ¼ ðwmax � wminÞ � Iterationmax � current iteration

Iterationmax

� �
þ wmin (16)

where wmax =0.9 is the maximum inertia weight, wmin = 0.4 is the minimum inertia weight and
Iterationmax =50 is the maximum number of iterations.

The particles are evaluated through fitness function to get the optimal solution in the space. The fitness
function for the proposed system is the selection of SCH nodes among the randomly distributed nodes in a
cluster other than the PCH node. The optimization problem for the election of the SCH node based on the
PSO algorithm in the proposed network is calculated by minimizing the objective function (fitness function) f
is given by

minimize f ¼ a1X1 þ a2X2 þ a3X3 (17)

where a1, a2, a3 is the weight parameters in the range [0, 1], X1 is the distance between the sensor node and
mobile charger, X2 is the energy consumption rate of a node and X3 is the lifetime of a node. The X1, X2 and
X3 are calculated as follows

4.1 Distance Between Sensor Node and Mobile Charger

The distance between the sensor node in a cluster and mobile charger in the network is

X1 ¼ min
j ¼ 1; 2; 3; 4; . . . ; p

i ¼ 1; 2; . . . ;Mj � PCHj

dðSNij; MCÞ (18)

where X1 is the minimum distance between the sensor node and mobile charger, p is the number of clusters in
the network, Mj-PCHj is the number of nodes except PCH node in the jth cluster and d(SNij, MC) is the
distance between ith sensor nodes in the jth cluster and mobile charger.

4.2 Energy Consumption Rate of a Node

The energy consumption rate of a sensor node in the network is given by

X2 ¼ min
j ¼ 1; 2; 3; 4; . . . ; p

i ¼ 1; 2; . . . ;Mj � PCHj

ECRðSNijÞ (19)

where ECR is the Energy Consumption Rate. The ECR of sensor node i in a cluster is calculated as follows

ECRðSNiÞ ¼ ðEinitiali � eiðtÞÞ
Time

(20)

where Time is the simulation time at which ECR is calculated.

4.3 Lifetime of a Node

The lifetime of a sensor node in the network is calculated using Eq. (20). By minimizing X3 the node
which has a higher lifetime can be calculated.
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X3 ¼ min
j ¼ 1; 2; 3; 4; . . . ; p

i ¼ 1; 2; . . . ;Mj � PCHj

1

LNðSNijÞ (21)

Substitute Eqs. (18), (19) and (21) in Eq. (17) to minimize the optimization problem. The problem
selects the node with less distance with the mobile charger, higher lifetime and less energy consumption
rate than the PCH node as the SCH node in a cluster. The solution to the optimization problem is the
PSO algorithm.

The work flow for the election of SCH node in a cluster is shown in Fig. 3. After the formation of the
cluster and selection of the PCH node, the election of the SCH node starts. In each cluster, all the sensor
nodes are initialized with position and velocity. The fitness value for all sensor nodes are calculated using
Eqs. (18), (19) and (21) are updated in Eq. (17). The pbest and gbest are computed from the fitness value.
The fitness value calculated by each sensor node in the previous iteration is stored at the local memory of
the node. The current fitness value of the node is less than the previous value then the value is updated as
pbest. Otherwise, the previous value is updated as pbest in the network. Among all the pbest values of
the node in the network, the minimum value is updated as gbest in the network. Since the optimization
problem for selecting the SCH node is to minimize the objective function in the network. The pbest and
gbest values are updated in Eq. (14). The velocity and position of each sensor node are calculated using
Eqs. (14) and (15). The new velocity and position values are taken to calculate pbest and gbest using the
fitness function for the next iteration when the maximum iteration is not reached. Instead, the gbest value
is selected as an SCH node for a cluster. The number of iterations is increased to get the optimal election
of the SCH node in the network.

5 Mobile Charging Process in the Proposed System

The distributed scheduling, shortest path routing and path planning of mobile charger in the clustered
SDWSN are illustrated in this section.

5.1 Distributed Scheduling and Routing

In the proposed system, the sensor nodes send the request to the SCH node when the energy is less than
the threshold energy. The SCH node sends the charging request to a mobile charger in the network. The
process of sending a request to a mobile charger in the proposed network occurs based on the distributed
scheduling method. In the distributed scheduling, the requests are sent to the mobile charger without
interrupting BS eventful receiving data from the PCH nodes in the network. In the existing system, the
sensor node sends a request to the cluster head node. The cluster head sends the request to the mobile
charger through BS even the charger is nearby. The charging request sending in the centralized
scheduling instead directly to the mobile charger in the network leads to the interruption of receiving data
by the BS from the cluster head and cluster head from the sensor node. Further, the delay in receiving a
request by the mobile charger in the network increases. Hence, the distributed scheduling method sent
requests without interruption of eventful data transfer and reduces the delay for sending a request to the
mobile charger in the proposed network.
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The mobile charger upon receiving a charging request from the sensor nodes plan the shortest path
routing in the clustered SDWSN. The mobile charger to reach the energy required sensor node can go
through several intermediate nodes. The shortest path routing objective is to find the minimum distance
between the source and destination through intermediate nodes. The mobile charger chose the path which
is the total minimum distance to the required sensor node from its current position in the network. The
MC routing based on Travelling Salesman Problem (TSP) in the network leads to frequently going to BS
when the charging request not received from the sensor node increases the distance travelled and energy
consumption of MC in the existing system. Hence, the shortest path routing instead of TSP is
implemented to reduce the delay and energy consumption of the mobile charger in the proposed system.

5.2 Path Planning of a Mobile Charger

The Mobile Chargers are located at the BS while the Sensor Nodes (SN) are deployed in the network.
When the charging request is started sending by the SN, the Mobile Charger (MC) dispatch from the BS to
charge the SN in the network. The path planning for a charger in clustered SDWSN is shown in Fig. 4. The
SN sends a request to MC by the SCH node when the energy is less than the threshold energy. Once the
requests are received at the charger, the MC check whether SN is in the transmission range. If the SN is

Figure 3: Selection of the SCH node
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in the transmission range of the charger, the MC charges the SN from the current position without going near
the requested SN. Otherwise, the MC visits the SCH node to charge the SN when more than one SN is from
the same cluster. Instead, MC travelled to request SN in the shortest path for harvest energy to increase the
lifetime of the node. Hence, the mobile charger reduces the distance travelled instead of going to every sensor
node or cluster head in the network.

The distance travelled by the MC in the network is

TD ¼ dðBS; iÞ þ
XR
m¼1

dmij þ dðj;BSÞ (22)

where TD is the total distance travel by MC, d(BS, i) is the distance travelled from BS to SN i, R is the number
of SN and SCH visited by MC and d(j, BS) is the distance travelled from SN j to the BS. The time required to
charge the SN in the network is

Tc
i ¼ Einitiali � eiðtÞ

CR
(23)

Figure 4: Path planning of a mobile charger
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where Tc
i is the charging time of SN i, CR = 10 W is the energy charging rate of the MC [16]. The charging

duration of the SN should satisfy Tc
i ¼ Emax. Emax is the maximum energy of the SN in the network. The

charging delay of the SN is

CD ¼ TM
ðj;iÞ þ

Xs

j¼1

TC
j (24)

TM
ðj;iÞ ¼

dji
v

(25)

where CD is the charging delay, TM
ðj;iÞ is the time taken for moving from SN j to requested SN i calculated

using Eq. (25) when the request send to MC from i, v is the speed of the MC, s is the number of SN charged
by MC after the request sent by SN i and TC

j is the charging time of the SN j other than i.

The MC frequently checks the requested SN lifetime in the network. If any SN residual energy decreases
rapidly and the SN depletes energy before the MC reaches to charge, the MC first charges the particular SN
later travelled to other requested nodes for charging in the network. The priority given to the nodes with less
residual energy in the network increases the number of alive nodes in the network [17]. The requested SN
should satisfy before MC leave to the next charging node is

Eharvestedi þ Eresiduali ¼ Emax (26)

where Eharvestedi is the harvested energy of the SN.

If the MC energy is less than the threshold energy, the MC sends a new charger requirement request and
return to BS for replacing or charging the battery of the charger. Simultaneously, the BS dispatch the MC
with a full battery to replace the energy depleted MC charging process in the network. To charge the SN
in the network the MC should satisfy

ERþ ECði;jÞ � Et (27)

where ER is the energy required for the SN and EC(i,j) is the energy consumed by MC during traveling from
SN i to requested SN j, Et is the threshold energy of the MC. The Service time is the sum of travel time and
charging time of MC is given by

ST ¼ Tt
ði;jÞ þ

XP
i¼1

Tc
i (28)

Tt
ði;jÞ ¼

TD

v
(29)

where ST is the service time, Tt
ði;jÞ is the traveling time from SN i to SN j calculated using Eq. (29) and P is the

number of requested SN.

The MC ensures that it can charge all the requested SN before the node exhaust energy in the network. If
the number of requests received at the MC increases and the MC cannot charge all the nodes before depleting
their energy, the MC sends a request to the BS to dispatch another charger in the network. The new charger
first charges the SN which is having minimum energy then starts the charging process similar to the first
charger in the network. If more than one charger departs from the BS to charge the SN, the coordination
process starts among MC in the network. In the coordination process, the chargers provide their location
for not to collide with each other and nodes are charged to avoid the SN which are already charged
unknowingly visited by MC in the clustered SDWSN. The MC remains at the current position without

1208 IASC, 2022, vol.34, no.2



returning to BS if all the sensor nodes are charged to reduce frequently travelled to the BS in the network.
Thus, the path planning process in the proposed system reduces the distance travelled by the MC in the
network, increases the lifetime of the SN and decreases the energy consumption of MC in the clustered
SDWSN.

6 Results and Discussion

The performance of the proposed algorithm is implemented in Network Simulator. The homogeneous
single antenna sensor nodes are randomly deployed in the network with one BS located in the centre of
the network. The sensor nodes and BS are immobile. The multiple antenna MC initially located in the BS
dispatch to visit the energy depleted node to increase the residual energy of the SN in the network. The
performance of the proposed system is compared with the existing system. The simulation parameters in
the SDWSN is shown in Tab. 2.

The residual energy of the proposed system is decreased when the number of nodes increases but higher
compared to the existing algorithm is shown in Fig. 5. The data collection from the SN increases when the
number of nodes in the network increases which decreases the residual energy of the nodes. The SN in each
cluster sends the information to the PCH node in the proposed system without frequently broadcasting the
information to neighbour nodes reduces the overheads and energy consumption of the SN in the network.
The cluster formation and election of CH after the first charging request received at the MC decreases the
energy of the SN in the existing system compared to the proposed system. The static RF transmitters in
the proposed system increases the distance between the transmitter and nodes in the SDWSN reduces the
residual energy compared to the existing and proposed system.

Table 2: Simulation Parameters

Parameter Value Parameter Value

Network size 500 x 500 m SNR threshold 20 dB

Variance ( σ2 ) −40 dBm Initial energy 2 J

SN transmission range 15 m MC charging distance 10 m

Number of nodes 50, 100, 150, 200, 250 Simulation time 50, 100, 150, 200, 250 sec

Transmit power threshold 30 dBm Speed of MC 2, 4, 6, 8, 10 m/sec

BS location (250, 250) Carrier frequency (fc) 2.4 GHz
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Figure 5: Average residual energy vs. number of nodes
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The average end to end delay decreases when the number of nodes increase because the forwarding
nodes increases in the network which finds the optimal path for transferring the data in the network. The
election of the PCH node for sending data to BS and the SCH node for charging request to MC in the
proposed system instead of sending both charging request and data to BS through a single CH node
reduces the end to end delay compared to the existing algorithm is shown in Fig. 6. The centralized
scheduling algorithm in the existing system sends the charging request from the SN to MC through BS
interrupts the reception of data from the other SN and MC has to collect the data from each CH instead
of sending it directly to BS increases the end to end delay in the network.

In Fig. 7, the throughput is decreased because the total data and energy requirement is higher in the
network which increases the overheads in the clustered SDWSN when the number of nodes increases. In
the proposed system, the PCH node is selected based on the node with high residual energy and the SCH
node is determined based on the energy consumption rate of a node, the lifetime of a node and distance
between the SN and MC other than the PCH node among the nodes in a cluster. Hence, the eventful data
transfer without interruption by the charging request of the SN in the network increases the throughput in
the proposed system. The reception of data in the network is unsuccessful by the interruption of the
charging request reduces the throughput in the existing system.

The communication between the nodes increases when the number of nodes in the network increases
which reduces the residual energy of the nodes. Hence the number of requests by the SN in the network
increases which increases the distance travelled by the MC in the proposed network but less than the
existing algorithm is shown in Fig. 8. The MC which charge the node without moving to the SN when
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the node is in the transmission range and MC move to the SCH node which is having more than one
requested node in a cluster without going to every SCH node for collecting data and harvest energy to the
SN reduces the distance travelled by MC in the proposed system. Further, the shortest path routing to
charge the SN decreases the distance travelled by MC in the proposed algorithm compared to the existing
algorithm.

The time taken for traveling and charging by the MC to the requested SN in the network is the service
time which increases with the number of requests in the network increases. The service time by the MC in the
proposed algorithm is reduced compared to the existing algorithm is shown in Fig. 9. The number of requests
by the SN increases in the existing algorithm due to the election of CH after the first request in the network.
Hence the traveling time to reach and charging time to charge all the SN by MC is increases in the existing
system. The MC frequently going to BS if there is no request and to visit all the CH in the network for
gathering data increases the service time in the existing system compared to the proposed algorithm.
Fig. 10 depicts the average charging delay by varying the speed of the MC in which the performance of
the proposed algorithm is better compared to the existing system. The MC travel at high speed can
charge more nodes and traveling time to the requested SN is reduced which decreases the charging delay
in the network. The charging of the requested SN once the request is received by the MC when the SN is
in transmission range without going to the SCH node reduces the delay in the proposed system. The new
MC dispatch from the BS when the MC cannot charge all the requested nodes in time which gives
priority to the nodes with minimum energy can charge more nodes with higher speed in the proposed
network. The implementation of the beamforming algorithm in the proposed system sends the signal in
the desired direction reduces the time for charging the particular SN in the network.
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7 Conclusion

This paper has proposed a novel mobile harvesting algorithm with the MISO beamforming technique in
the clustered SDWSN. The mobile harvesting scheme transfers the energy to the energy starving node and
the beamforming algorithm which transmits the energy in the desired direction increases the lifetime of the
nodes. The formation of cluster and election of PCH node for sending data to BS initially in the network
reduces the energy consumption of nodes. The election of SCH node among the node in a cluster other
than the PCH node is based on the PSO algorithm for sending the charging request from SN to MC in
the network. The charging requests sent without interruption of the eventful data transfer from the SN to
BS increase the throughput and residual energy and reduce the end to end delay in the SDWSN. The
distributed scheduling, shortest path routing and efficient path planning of MC in the proposed system to
harvest energy decrease the average travel distance, average service time and average charging delay
compared to the existing algorithm. The MISO beamforming scheme between the multiple antenna MC
and single antenna SN with the SNR and transmit power constraints increases the harvested energy and
residual energy of the SN in the clustered SDWSN. The simulation results show that the performance of
the proposed algorithm is enhanced compared to the existing algorithm.
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