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Abstract- The benefits of using the sink mobility have been well
recognized in wireless sensor networks (WSNs) to extend
network lifetime. All types of obstacles could be there in the
sensing field in physical atmospheres. Hence, to discover an
obstacle-avoiding shortest route, a research challenge represents
how to effectively dispatch the mobile sink. On the basis of
cluster-based method, this paper offers an energy-effective
routing mechanism for the mobile sink in WSNs with obstacles.
The nodes selected as cluster heads collects data from their
respective cluster members and send the collected data towards
the mobile sink in relation to the cluster-based process. In this
paper, from the starting site, the mobile sink starts the data-
collecting route from time to time and then collects data directly
from these cluster heads in a single-hop range, and finally comes
back towards the beginning position. In order to discover the
obstacle-avoidance shortest path, here we consider an existing
scheme such as heuristic tour planning algorithm for the mobile
sink. However, the conventional procedures are more challenging
to solve because of the complexity of the planning problem in
WSNs with obstacles as well as tour time. We propose an
effective data gathering method to solve this problem. In order to
discover the path for cluster heads and collect the data from CH’s
and store it, we propose a collection point process for the mobile
sink constructed on the data collection. From the starting site, the
mobile sink node starts the data-collecting route from time to time
and then collects data directly from these collector points in a
single-hop range, and finally comes back towards the beginning
position. The effectiveness of our method is verified using
Simulation results through NS2 software.

Keywords: WSN, Clustering, Mobile Sink, Cluster Head,
Obstacles, Energy efficient routing.

. INTRODUCTION

In many aspects such as health monitoring, environmental
monitoring, military surveillance, and various others as Internet
of Thing (loT), Wireless Sensor Networks (WSNs) have been
used [1]-[5]. Energy effectiveness has turned out to be the most
significant concern for WSNs. Though, power supplies for sensor
nodes are restricted as well as tough to exchange. Moreover,
nodes nearby the base station (also named as sink) consume more
energy than other nodes, as the nodes transmit the collected data
using sensor nodes which is far away from the sink. Therefore,

the data gathered by additional sensors cannot be sent to the sink
once these sensors fail which are adjacent to the sink. Even though
many of the nodes who still have a lot of energy, the overall
network gets disconnected. Therefore, the vital challenge for
WSNs is to prolong the lifespan of the network and to minimize
the energy consumption of sensor nodes. A structure of a huge
number of low cost, low power multi-efficient sensor nodes that
are broadly spread either in the system or adjacent to it defines a
sensor network. Sensing, data processing and communicating
components are involved in these nodes whose size is very small.
The location of these small nodes must not to be complete.
However it also means those protocols of sensor networks and its
procedures need to hold the self-organizing abilities in
inaccessible regions and offers random allocation. Nevertheless
energy supply and bandwidth limits the nodes and the low power
consumption requirements is one of the most significant
limitations on sensor nodes. Several challenges to the design and
managing networks have been posed by these constraints which
are joined using a specific deployment of large number of nodes.
On the entire layers of networking protocol stack, these
challenges require energy alertness. For overall sensor application
categories, the issues associated with the physical and link layers
are usually common. Dynamic voltage scaling, radio
communication hardware, low duty cycle issues, system
portioning, and energy aware MAC protocols are the areas where
the research on System level power awareness has been focused.
In order to find various techniques for energy-efficient route setup
and reliable relaying of data from the sensor nodes towards the
sink is the main intention so that the lifetime of the network is
maximized at the network layer. We try to notice manufacturing
issues and feature their suggestions in this area since the
execution of a routing protocol is firmly recognized using the
building model. To extend the lifespan of WSNs, various
approaches have been proposed. A cross-layer optimized
geographic node-disjoint multipath routing algorithm is proposed
in this paper [6]. For reducing the energy expenditure of WSNs to
a greater level, we can use a mobile node which is shown in recent
efforts. The lifespan of WSNs is extended accordingly. Mobile
nodes consume more energy and more powerful capabilities than
the static nodes. By moving across the sensing field, Mobile
nodes can collect data from entire static nodes that are usually
mounted on a mobile vehicle equipped with sufficient energy.
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Mobile nodes in one-hop or multi-hop way can collect the data
from static nodes. Several different methods have been proposed
by the papers [7]-[10]. In this paper, mobile nodes are employed
as the mobile sink for data collection that moves across the
sensing field. The mobile sink decreases the communication
overhead for sensor nodes adjacent to the base station or the sink
that leads to the uniform energy consumption in one way. In
another way, we can process the disconnected and sparse network
well with the movement of the sink. Thus, by the optimum control
of the route of the mobile sink, the network lifespan can be
expressively prolonged. The sensing field might include several
difficulties in physical atmospheres. Therefore, an investigation
challenge is proposed that helps to find an obstacle-avoiding
shortest route for the mobile sink to extend the network lifespan.

In this paper, in order to discover an obstacle-avoiding shortest
path, the maobile sink will move across the network with obstacles.
When moving across the sensing field, the mobile sink must
consider the energy consumption balance among the nodes at
similar period. We use the cluster-based technique to dispatch the
mobile sink effectively which is presented in [11] and [12]. Entire
sensor nodes in the sensing field are distributed into two groups
in relation to the cluster-based method: cluster heads and cluster
members. Cluster heads performs data collection from resultant
cluster members and then passes data to the mobile sink, whereas
the cluster members collect environment information. As the
mobile sink collects all sensing data from cluster heads, we
consider that up to some extent of delay WSNs can endure. From
starting position, the mobile sink initiates its periodical movement
and returns finally. The sensing data from cluster heads is
collected by the mobile sink during its movement. The mobile
sink can move near the cluster heads by consuming less energy
when its moving path is scheduled. Therefore, the lifetime of the
network can be significantly extended. In this paper, the lifetime
of the network is defined as the time interval where the sensor
nodes start working from the initial stage until the expiry of entire
static sensors. Nevertheless, in physical atmospheres, the
scheduling for the mobile sink is made more complex by the
sensing field that contains several obstacles. At this point, except
to the site of obstacles, the mobile sink can move to any site. Thus,
to find an obstacle-avoiding shortest route in the presence of
obstacles, a research challenge is projected which shows the way
to dispatch the mobile sink efficiently.

In order to make the problem of dispatching more simple in
WSNs with obstacles, we consume certain steps to solve the
scheduling for the mobile sink. We offer a grid-based method
through which the sensing region is divided into the same size
grid cells when the problem complexity is given. The size of the
grid cells is closely related to communication radius of static
sensors and they are considered to be the basic unit. There exist
some obstacles in the grid cells as the two-dimensional plane is
divided into grid cells which are of similar size. The obstacles
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may occupy some part of grid cells, since the grid cells are
intersected by the edges of obstacles. We assume that the grid cell
is considered as obstacles, when a part of one grid cell is occupied
by the obstacles. Hence, to make the scheduling for the mobile
sink more easily, we consider regularization shape of obstacles.
In terms of the regularization shape of obstacles, we can then
construct a spanning graph. The scheduling for the mobile sink
will become more efficient with the search space of the maobile
sink from all grid cells towards the spanning graph obtaining grid
cells. Therefore, for the mobile sink, we could finally find an
obstacle-avoiding shortest route.

Il. RELATED WORK

The advantage of using the mobility of nodes has been well
recognized in the recent studies. We can reduce the traffic burden
and improve energy efficiency by using the mobility of nodes in
WSNs. Therefore, the lifetime of the network is extended
significantly. Several different approaches have been proposed in
many papers. In the literature, the related works of the maobility of
nodes is studied.

In order to minimize the communication cost the authors present
a scheme named VGDRA for the mobile sink in [13]. The sensor
field is divided into cells named as virtual grid which are of same
size and the nodes adjacent to the center are selected as the cell-
header nodes. Additionally, a virtual backbone structure is
constructed which consists of the cell header nodes. By
communicating with the border cell header nodes, the maobile sink
collects the sensing data in moving across the sensor field. The
reconstruction process of routes comprises only a subset of cell-
header nodes in order to reduce the cost of overall
communication. To ease the suboptimal energy dissipation, a
mixed integer programming framework for base station is
proposed by the authors in [14]. The base station mobility is
introduced to WSNs with the intention of reversing the
suboptimal energy dissipation trends. By using mobility patterns
for base station, the lifetime of the network is finally prolonged.
To build a convex optimization model, the paper [15] uses the
technique of support vector regression through which the optimal
trajectory of the mobile sink can be determined. A trajectory
(called COT) affects the lifetime of the network. To collect the
captured data of events, the mobile sink in the event-driven is used
which maximizes the lifetime of the network.

For various sensor networks, a mobile data-gathering tour is
proposed by the authors in [16]. To collect sensing data from
static sensors, an M-collector is introduced which is similar to a
mobile base station. From the base station, the MDC begins its
periodical movement and finally returns towards the base station
for data transferring. The authors take a divide-and-conquer
strategy and use multiple M-collectors for some applications in
large-scale networks, where each of them moves over a shorter
data-gathering tour. In order to charge sensor nodes the authors
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adopt a wireless energy transfer technology in [17]. To charge
some sensor nodes wirelessly, the Wireless Charging Vehicle
(WCV) begins a periodical tour from the service station moves
across the network and finally returns. A near-optimal solution
for the optimization problem is designed by the authors in relation
to the novel Reformulation-Linearization Technique (RLT). By
means of a multi-round and multi-attribute sensor dispatch
problem, the authors consider the of mobile sensors dispatch in
[18] and [19]. Environment information is monitored and
collected by Static sensors in a hybrid WSN. Only one attribute
of events is sensed by each static sensor when events occur. The
multiple attributes of events is evaluated by a mobile sensor
compared to static sensors. For more detailed analysis, mobile
sensors move towards corresponding hot locations in relation to
the sensing data from static sensors. To dispatch maobile sensor
for hot locations, a two-phase heuristic algorithm is presented by
the authors in order to reduce the energy consumption. By using
one-to-one approach in the first phase, the authors dispatch MAM
sensors towards hot locations. A spanning-tree construction
algorithm is presented by the authors for the displacement of
MAM sensors according to unassigned hot locations in the second
phase. A research challenge is presented which explains the way
to dispatch mobile sensors to these hot locations because of
similar capabilities of sensors. Nevertheless, the authors didn’t
consider that the sensing field might contain various obstacles in
[13]-[19]. Indeed, the complexity of the route for mobile nodes in
sensing field with obstacles is more compared to the sensing field
without obstacles.

I1l. HEURISTIC OBSTACLE AVOIDING ALGORITHM

To find an obstacle-avoiding shortest route for the mobile
sink, a heuristic algorithm is presented in this section. In order to
construct the spanning graph of the network model, we use an
algorithm for solving the dispatch problem of the mobile sink
efficiently. All obstacle-avoiding paths can be obtained according
to the spanning graph. Moreover, from these obstacle-avoiding
routes, the obstacle-avoiding shortest route for the mobile sink
can be obtained. Specific steps of the heuristic obstacle-avoiding
algorithm are introduced below.

A. Spanning graph algorithm

The obstacle-avoiding shortest route problem is comparable to the
Traveling Salesman Problem (TSP) which is a classical problem
fundamentally. To solve the TSP, the minimum spanning tree can
be utilized. Therefore, an obstacle-avoiding shortest route for the
mobile sink can also be found in relation to the minimum
spanning tree. A spanning graph which is an undirected graph
contains entire minimum spanning trees in this paper. The
construction the spanning graph is discussed in this paper. The
spanning graph construction has been addressed by several
investigations [20], [21]. For constructing the spanning graph,
sweep line algorithm is utilized [20]. By making connections in-
between the terminals and obstacle corners, the obstacle-avoiding
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spanning graph which is the set of edges can be formed. Into a
finite set of sites, the infinite possible sites for the mobile sink
movement will be reduced after the construction of a spanning
graph. Hence, for the mobile sink scheduling, the algorithm built
on the spanning graph makes it more effective.

B. Obstacle avoiding spanning graph construction

The sensing field might contain obstacles with different shapes
and sizes in physical environments. On the basis of the spanning
graph algorithm above, the obstacle-avoiding spanning graph for
the mobile sink scheduling cannot be directly constructed because
of the irregular shape of obstacles. Hence, in order to find an
obstacle-avoiding shortest route for the mobile sink, a research
challenge is presented which explains the technique of utilizing
the spanning graph algorithm. To analyze and to solve the
problems in WSNSs, grid-based techniques are used in papers [22]-
[26]. Here, to solve the problem of scheduling the mobile sink is
solved using the grid-based techniques. By the usage grid-based
techniques, the sensing region is divided into cells which are of
the same size grid. Edges of obstacles intersect grid cells as well
as obstacles may occupy part of some grid cells obviously. We
assume that the grid cell is considered as obstacles whenever the
obstacles occupy part of one grid cell.

Algorithm: Cluster Head Selection — CHS

Input:

e Deployment Area WSN = s*s,

o Set of sensor nodes S = {sg,s;._ ...S,} Where s; represents (xi, Vi), the
coordinate of ith Sensor

e Transmission range T,

Output:

o CLH-set of cluster heads

Start:

1. (C,R) « Welzl's (n,SNS) I/ Determine centre C and radius R of
Welzl’s circle that covers all SNS

2. CLH < {0}

3. Partition WSN Area into square grids G; of side 2 * T, with C as the
Centre, to the extent possible.

4. Determine the grid centre points cen; for each G; from a set of grid

centre points

GP « {Gy...Gp}

for i = 0tom wheremis number of grids

begin //ldentify CHs in welz_circle

Identify s; closestto each G; in welzl_circle

9. CLH < CLH Us; /lappend s; to list of CHs

10. S «S— 5 /Iremove s; from SNS

11. end for

End

o~ oo

V. PROPOSED SYSTEM
This section describes about the proposed scheme in detail that
includes the maintenance of new routes and construction of
clusters to the recent location of mobile sink. Involving of clusters
with unequal sizes, the entire sensing field is divided into equal
regions in this method. The cluster members can communicate
with CH in single hop as the Cluster head is placed at the center
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of every region. For cluster formation and CH selection, LEACH
algorithm is invoked in each region. For keeping the track of
sink’s recent position and moreover relieving the load of cluster
members from taking part in route adjustment, CHs are
accountable. To sense the event and to report it to cluster head
and the establishment of inter cluster communication through
gateways is the main task of cluster members.

A. Network Model

For constructing a network model, the following characteristics

of the network are taken into account.

» Allnodes are assumed to be static and are deployed randomly
throughout the sensing field.

» All the sensor nodes within the sensing field will have the
same energy level (0.5 J), bandwidth initially and are
homogeneous in nature.

» Based on the distance to reach their destination nodes, Sensor
nodes use their transmission power.

» The two mobile sinks do not have any resource constraints
and are highly powered.

» For every half of the round, both of the mobile sinks are
allowed to move in counter clockwise direction to reduce the
time taken for completing one round along the periphery of
sensing field and to collect the data from CHs and to reduce
the number of hops between the source and sink.

» To the limited number of cluster head nodes for readjusting
the routes, latest location of sink and Time of Arrival (TOA)
will be communicated based on the Time of Arrival (TOA)
of sink.

B. Cluster Formation Phase
By dividing the sensing field into ‘n” equal sized region, a cluster
is constructed by the proposed scheme. For collecting the data
from the cluster head of each cluster, unequal sized clustering
varying time slots could be used. Out of ‘N’ number of nodes only
5% of nodes could act as cluster heads based on the LEACH
protocol.
Where ‘N’ is number of nodes (N = 100, 200 to 400 and 500 to
600) and ‘K’ is number of equal sized region using equation
no.(1) as well as a squared number. For each region, cluster heads
will be chosen after partitioning the network. A node at the center
point of each region will be elected as a cluster head at the
beginning. A node closer to the center point and with high residual
energy will be elected again as a cluster head after each round of
data collection. A cluster head has to notify the status to its
member within the region after the election of cluster head and
the nodes which are slightly beyond the cluster boundary. With
the primary cluster head the information about the secondary
cluster head must be shared and the nodes receiving notification
message from more than one cluster must associate themselves
with the nearest cluster head. Every cluster head will form
adjacencies with neighboring cluster heads using gateway nodes
in this way.
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C. Route adjustment

Nodes must setup their data delivery route in order to adjust with
dynamic network topology caused by sink mobility regarding the
latest location of the mobile sink. Throughout the network,
flooding of location information is avoided in this approach and
becomes energy consuming one. For the maintenance of new
routes to the latest location of mobile sink only one set of cluster
headers are accountable in this scheme.

D. Rotation of Cluster head

The threshold residual energy will be compared with residual
energy of each cluster head after each round. The cluster head
selection will be carried out only for that particular cluster whose
residual energy falls below the minimum threshold residual
energy. The cluster head which is closer to the center of the region
and having higher residual energy will be selected as a new cluster
head. Frequent re clustering is not needed in each round since we
have unequal sized cluster in each region. Also energy
consumption is reduced by avoiding cluster head election process
or frequent re clustering. The load on the each cluster head as well
as number of hops to reach the sink is reduced by the introduction
of two mabile sinks. Therefore, when compared to the already
existing method, it is proved that the proposed approach performs
well.

Algorithm: Collection Point Selection
Input:

Set of n sensor nodes S,

Set of cluster heads CHS « {c(1q, c[1;..cl1,}
Transmission range T,

Output

CLP- Set of collection points

Start:

l.fori=0tom

CL; « {2}

3. S'« S — CLH Il remove cluster heads from S
4. forj=0tom

5. begin
6

7

8

N

fori=0ton
begin
. if dist (si,cDj) < T
9. CLj < CLjuUs; [ladd node s; to the cluster cl;
10. End for
11. S« S"— cl; I/ remove nodes joined in cl; from S
12. End for
13. L« S’
14. CLP < CLH UL /Ifinal set of collection points
15. CLP « Lin — KernigUan( CLP)//determine shortest path
End
Algorithm:dist (P4, P,)
Input
Two points P;and P, | Pi < (x;, y;)
Output
Distance d between points P;and P,
Start:
d=(x;—x)? + (¥, — y1)?
Return (d)
End
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The distance in-between the nodes inside each cluster is reduced
when the k-mean algorithm tries to partition the network graph
into K number of clusters. K number of nodes is chosen at random
first as the initial center nodes of the clusters. At that point, every
node is allocated to its nearest cluster in every single iteration.,
the center node for each cluster is recalculated When all nodes
have been thus assigned, and the process is repeated from the
beginning based on the identity of the new center nodes. The
clustering step stops when the obtained Centre nodes still the
same in two consecutive iterations.

V. EXPERIMENTAL RESULTS
Over a 1000x500m? field where four obstacles exist along
with 25 sensor nodes which are randomly distributed is assumed
in this paper. In this paper, the situation where no hole in the
sensing field exists is assumed and static sensors remain the same
in their abilities. In the meantime, we assume that the mobile
agent is located initially in the top-left corner of the two-
dimensional territory and its coordinates are (50 m, 50 m). The
mobile agent initiates its obstacle-avoiding periodical movement
from beginning point and running towards to cluster heads and
finally returns. Tablel presents the system parameters utilized in
our simulations. In this paper, to simplify scheduling for the
mobile agent, we accept that the information gathered by sensor
nodes remains the deferral tolerant information, i.e., they can wait
for the mobile agent to arrive and lift them up.
PARAMETER VALUE

Application CBR

Traffic

Transmission rate | 512bytes/
0.5ms

Radio range 250m

Packet size 512 bytes

Maximum speed | 25m/s

Simulation time 8000ms

Number of nodes | 21

Area 1000x500

Grid size 10m
Tablel: System parameters

e Evaluation results

To conduct numerous experiments in the sensing field with
obstacles the energy efficient collection point algorithm is utilized
in this section. The experimental results of the assumed algorithm
in relation to the network lifetime and the path movement of
mobile sink are presented below.
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In above presented screenshots, Fig 1 demonstrates that all
nodes are placed in the network and the nodes deployment is
properly done in the network. At this point, the entire nodes that
are represented are on the basis of random topology values and it
should mention the overall properties of NAM window.

Fig 2 shows the occurrence of broadcasting all over the
network which is meant for the purpose of communication. In this
process, entire nodes ought to be involved. Fig 3 shows that
during communication process, packet loss is more due to the
traffic. Leading three are indicated as cluster-based process in the
aforementioned screens.

Fig 4 shows that, all nodes participate here and shows that
which node considers a type of node that is mentioned in the
above screenshot of nam. All the cluster head nodes which are
considered are displayed. Here 20" node is considered as mobile
sink.

The data delivery form CH to mobile sink is shown Fig5. Data
delivering protocol, time interval and the amount of data
delivered is also presented. Fig6 presents the network deployment
of the proposed model. Fig 7 demonstrates a mechanism named
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as collection point scheme is proposed and added into a heuristic
algorithm. Here the broadcasting occurs in network and it is
meant for all the nodes that are placed in the network. Fig 8, Fig
9 and Fig 10 displays the data processing between collection
points and mobile sink.

In Fig 11, graph represents an end-to-end delay and a
simulation time versus delay is shown. The delay between
communication nodes compared to heuristic-tour scheduling
algorithm and normal cluster-method is decreased and the
performance of energy efficient collection point algorithm
improves delay time. Fig 12 represents energy consumption and
simulation time versus energy graph. Compared to heuristic tour
planning algorithm and normal cluster-based method, the
presentation of energy efficient collection point mechanism
increases the energy values. Fig 13 represents throughput and
simulation time versus throughput graph. Compared to heuristic
tour-planning procedure and cluster-based method, the
presentation of energy efficient collection point algorithm
enhances the throughput. Fig 14 represents tour time and range
versus tour time graph. Compared to heuristic tour-planning
procedure, the performance of energy efficient collection point
algorithm enhances the tour time which means time saving
interval.

V. CONCLUSION

To extend the lifetime of the network, the mobile sink is used
in this paper. The sensing field might contain various obstacles in
physical atmospheres. The grid-based technique towards the
WSN with obstacles is introduced to simplify the mobile sink
scheduling. To find an obstacle-avoiding shortest path for the
mobile sink, a spanning graph is constructed at the same interval.
To dispatch the mobile sink, a heuristic obstacle-avoiding
algorithm based on the cluster-based method is applied. To
minimize the number of obtained tours, an energy efficient
collection scheme is proposed and based on collector ability more
data is collected and the network lifetime is increased.
Experimental results show that our cluster-based approach is
feasible for mobile sink dispatching and simulation is carried out
using NS2. Finally, an obstacle-avoiding shortest path for the
mobile sink is found and the lifetime of the network is prolonged.
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