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Abstract

Wireless Sensor Networks (WSNSs) is a collection of devices and sensor nodes connected with wireless network and communicate with
one another via radio signals. Sensor in WSN is an autonomous (self-configuring) device used to sense the light, heat, motion, moisture
and pressure etc that communicate with their neighbor nodes. Node placement is a technique that places the nodes effectively in the spec-
ified network environment. In WSN basically, wireless sensor network includes different topologies namely star, point-to-point, ring, bus,
mesh and hybrid. In recent years, research has been carried out on different node placement strategies and produced different results
based on its performance that includes power distribution and energy consumption of sensors. Energy consumption and network lifetime
are considered to be the critical issues as the nodes are powered by the batteries which have finite energy reservoirs. In this paper, three
different node placements namely Random, Uniform and Grid with respect to AODV (Ad hoc On-Demand Distance Vector) protocol is
evaluated in order to analyze the energy factor during wireless communication. The performance metrics used to measure the analysis are
Energy Consumption Average Jitter, Average End-to-End Delay, Average Throughput and Average Packet Delivery Ratio. The compari-

son results suggests that Grid node placement performs well in grid scenarios and shows best for specific performance metrics.
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1. Introduction

A wireless sensor network (WSN) is a collection of cooperative
sensor devices to support more applications in different environ-
ments such as monitoring, environmental conditions, medical
diagnostics, structural monitoring and so on. It is also considered
as self configuring autonomous device. In [1], authors defined that
WSNs consist of set of mobile wireless nodes communicating
without the support of any pre-existing fixed infrastructure. Sensor
nodes are placed in different environmental location and follows
various network topologies using wireless networks. The nodes
gather more information via other neighbors and information are
forwarded to other base stations or end users. The Wireless Sensor
Networks includes different node placement method and each
placement will provide different end results.

One of the most important issues in wireless sensor networks is
energy efficiency. Wireless Sensor Networks majorly affects en-
ergy constrains because nodes depends on battery and there is a
need to minimize the total energy consumption of the nodes. And
also Wireless Sensor nodes service lifetime depends on energy
consumption of the communication subsystem therefore channel
capacity being used for data transmission. Hence energy consump-
tion is mainly used for increasing the node life time, by consum-
ing lowest energy. In [2], authors analyzed performance and com-
pared physical and application layers of different mobility models
with CBR traffic load.

This proposed work has considered three routing protocols for
mobile ad hoc networks and evaluated the energy factor, based on
routing power and residual energy [3]. In the proposed work, with

respect to node placement strategies such as Random, Grid and
Uniform, experiments where consumed on different increased
number of nodes. Different metrics for energy analysis is evaluat-
ed based on physical layer parameters and packet analysis is done
based on application layer parameters.

To test the competence and effectiveness of all the three node
placement strategies, comparison is done by means of different
increased number of nodes and using AODV (Ad hoc On-demand
Distance Vector) routing protocol and CBR (Constant Bit Rate)
connections. Constant Bit Rate is an encoding method that keeps
the bit rate in same size. It is used in this traffic model to transfer
the data with very high data processing and fast data transmission
based on Ad hoc On-Demand Distance Vector (AODV), a reac-
tive protocol. The organization of the paper is as follows: Section
I discusses the introduction of this paper. Section Il briefly de-
scribes the three types of Wireless Sensor Network node place-
ments strategy. Section Il discusses the experimental set up and
results analysis with discussion and Section IV defines the per-
formance analysis on simulation results and conclusion.

2. WSN Node Placements

Wireless Sensor Networks includes different topologies and
placement strategies, and structures available for its physical envi-
ronment establishment. In this paper three types of node place-
ments strategies are analyzed and compared with metrics.

2.1Random Node Placement
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Wireless sensor nodes are placed randomly with in fixed physical
terrain area. It uses multiple sensor nodes placed randomly within
the fixed physical terrain area as shown in Fig 1. Each node will
be placed in different individual places, without following any
order. This placement strategy creates node density in which con-
gestion occurs easily. It is a common node placement strategy
basically used in different environment and nodes are placed ran-
domly without following same distances.

Fig. 1: Random Node Placement Strategy

2.2Grid Node Placement

Grid node placement places the start node at (0, 0) format and the
nodes are placed in a grid with each node a grid-unit away from its
other neighbor nodes as shown in Fig 2. In this placement strategy,
a node is placed by grid order and maintains same distance with
each node.

Fig. 2: Grid Node Placement Strategy

The sensor nodes are placed in individual cell with an order. This
placement must also be specified numerically, with the unit in
meters depending on the value of coordinate system. In [4], au-
thors proposes three node placement models concluding that ener-
gy can be efficiently utilized in WSNSs, with the grid placement.
Grid placement mainly reduces the overall energy consumed by
the network further increasing the network lifetime.

2.3 Uniform Node Placement

This node placement is same as random node placement method,
with small difference where placement of nodes are divided in
each individual cell and placed without any order as shown in Fig
3. In [5], authors defined that uniform node placement is based on
the number of nodes in the simulated physical terrain area and
divided into a number of cells where each node is placed random-
ly. This generates random strategy but with uniform density of
nodes.

Fig. 3: Uniform Node Placement Strategy

3. Experimental Setup and Results Analysis

This paper work compares random, uniform and grid node place-
ment strategies evaluated with three different set of nodes such as
10, 20, and 30. Data packets is successfully transmitted to destina-
tion node in support with Ad hoc On-Demand Distance Vector
(AODV) routing protocol. All the three node placements is done
on same terrain size (800*800) and also follows the same process.
All sender nodes will be directly connected with the single receiv-
er node at a time, and nodes are directly connected with CBR data
traffic model. The Fig 4 shows the experimental scenarios of dif-
ferent node placement with CBR data traffic connection.

Grid
Fig. 4: Node Placement Scenarios

Random Uniform

Wireless Sensor Network platform creates the radio signals and
time sensor node sends and receives data packets with other
neighbor nodes using radio signals. During run time, radio signals
are created and green color mark is given to indicate the same in
Fig. 5. The radio signals successfully transfers the data packets
with respect to AODV routing protocols and it allows sensor
nodes to obtain routes quickly for new destinations, and does not
require nodes to maintain routes to destinations that are not in
active communication. From Patil V.P [6] it is understood that in
the AODV routing protocol, the moving speed will be maximum
during end-to-end delay.
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Fig. 5: Node Placements with Animated View
3.1 Node Configuration Details

Each network nodes configuration is analyzed with the perfor-
mance metrics in physical layer and application layer as which are
shown in Table 1. The simulation setup includes different wireless
network parameters given in table 1.

Table 1: Node Configuration Details

PARAMETERS VALUES
Number of Nodes In e s
Terrain Size 800*800
Node Placement Random, Uniform, and Grid
Traffic Source CBR
No.of CBR Connections 9,19, and 29
Energy Model Mica Motes
Battery Model Linear Model
Mobility Model Random Way Point
Routing Protocol AODV
Radio Type 802.11b
MAC Protocol 802.11
Network Protocol 1Pv4
Antenna Model Omidirectional
Simulation Time 30 Seconds
Performance Metrics in Appli- | Average Jitter, Average End-to-End
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cation Layer Delay, Average Throughput, and Pack-

et Delivery Ratio

Energy consumed in transmit mode
Energy consumed in receive mode
Energy consumed in idle mode

Performance Metrics in Physi-
cal Layer

3.2 Experimental Analysis

The energy consumption of the sensor nodes depends on the bat-
tery that is analyzed based on two layers 1.Physical Layer,
2.Application Layer. The application layer parameter is also ana-
lyzed to signify the performance of Grid node strategy.

3.2.1 Energy Consumption Analysis Parameters — Phys-
ical Layer

Physical layer mainly represents for energy conservation. In WSN,
there are different energy conservation parameters: Energy Con-
sumption in Transmit mode, Energy Consumption in Receive
Mode and Energy Consumption in Idle Mode that are involved in
physical layer. Each parameter represents a various level of ener-
gy consumption.

a) Energy Consumed in Transmit Mode

It is an energy consumed by battery power during the transmission
of data packets from source node to destination node.

b) Consumed in Receive Mode

This is an energy consumed by battery power for receiving the
packets at the destination node is called energy consumed in re-
ceive mode.

c) Consumed in Idle Mode

The energy consumed by battery power in the idle stage of the
network is termed as energy consumed in idle mode.

Table 2: Performance Analysis of Physical Layer

No of Nodes Parameters Random Grid Uniform
10 Energy Consumed in Transmit Mode (mjoule) L8 Bl DR
Energy Consumed in Receive Mode (mjoule) oL LY ot
Energy Consumed in Idle Mode (mjoule) il Bz izl
20 Energy Consumed in Transmit Mode (mjoule) g g oty
Energy Consumed in Receive Mode (mjoule) e ozl e
Energy Consumed in Idle Mode (mjoule) il ool s
Energy Consumed in Transmit Mode (mjoule) it Bl LS
&2 Energy Consumed in Receive Mode (mjoule) e 0 e
Energy Consumed in Idle Mode (mjoule) s s e

3.2.2 Packet Delivery Analysis Parameters — Application
Layer

a) Average Jitter

Jitter is the difference in the time arrival of the packets. The aver-
age jitter value is measured in seconds. Sensors transmit data
packets to the destination node continuously and during that pro-
cess a sensor node maintains the uniform distance between num-
bers of packets. But, when the packets reaches destination node,
the distance between each packets widely varies due to various
network problems that includes network congestion, improper
queuing, configuration errors, that delay leads packet to transmis-
sion time in between each packet. Rohit Sangwan et al. has also
discussed that in transmission scenario various packets take dif-
ferent amount of time in reaching destination [7].

b) Average End-to-End Delay

The average time taken by a source node to transfer data packets
to the destination node in the network is termed as average end-to-
end delay. In [8], author defined end to end delay parameter gives
the total delay in time the data packets suffer while moving from
source to destination across the network. There are four delay
parameters such as processing delay, queuing delay, propagation
delay and end system processing delay.

End-to-End Delay = N [dians+ Aprop* Goroct dgueve 1)

Where,

N = Number of delays
dirans = Transmission Delay
dprop = Propagation Delay

doroc = Processing Delay
dqueve = Queuing Delay

¢) Average Throughput

Throughput is defined as the number of packets transferred from
one node (source) node to another node (destination) in a unit time.
The mathematical average throughput is measured in number of
bits per second (bits/sec). Throughput is, defined as the overall
data packets delivered over the total simulation time [9]. The rep-
resentation of throughput is denoted.

T N S RWIN
hrowg put = BTT @

Where,
RWIN = The TCP receive window.
RTT = The Round-Trip Time for the path.

d) Average Packet Delivery Ratio

The packet delivery ratio is the ratio of the number of data packets
created at the source node to the number of packets received by
the destination node. The high number of bits transfer reveals the
better system performance. Dharam et al. discussed that packet
delivery ratio is calculated by dividing the number of packets re-
vised by the destination through the number of packets originated
by the application layer of the source [4]. The packet delivery
ratio is an important metric in wireless sensor networks and de-
fines the ratio of the entire data packets created by the source node

[10]. The equation for calculating the PDR is represented as.

S1
Average PDR = —

52 ©)
Where,
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S1 = The total amount of data packets are generated in source
nodes.

S2 = Number of data packets successfully send the destination
node.

PDR = Packet Delivery Ratio.

Table 3: Performance Analysis of Application Layer

No of Parameters - :
Nodes Random Grid Uniform
10 Average lJitter (s) lter e L
Average End-to-End 0.371 0.195 0.514
Delay (s)
Average Throughput 374775 38540.6 24290
©)
Average Packet 8.68 9 5.655
Delivery Ratio
Average lJitter (s) Ul Uy ee
Average End-to-End 1.79 1.358 2.931
Delay (s)
Average Throughput 76753.15 80747 66447.45
20 ©)
Average Packet 8.68 18.771 15.58
Delivery Ratio
Average litter (s) LiEE L2 L
30 Average End-to-End 6.027 5.441 5.963
Delay (s)
Average Throughput 102815.4 107364 99180.07
()
Average Packet 24.159 25.519 23.963
Delivery Ratio

From the experiment it is understood that placing the nodes by
following the Grid strategy will be more efficient in less consump-
tion of energy there by leading to increase in the life time of the
batteries.

3.2.3 Discussion

The observation of the experimental results portrayed in Fig. 6 it
is identified that, Grid placement strategy gives better results, in
terms of minimizing the energy consumption in transmit mode
values when compared to random and uniform placement strate-
gies. The average energy consumption in transmit mode in the
random placement is 0.00894413, uniform placement is
0.01144467, and grid placement is 0.0073573. The average energy
consumption is analyzed in which Grid node placement strategy
scams to be more suitable.
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From the observation of the experimental results portrayed in Fig.
7 it is identified that, Grid placement strategy gives better results,
in terms of minimizing the energy consumption in idle mode val-
ues when compared to random and uniform placement strategies.
The average energy consumption in transmit mode in random

placement is 0.031786, uniform placement is 0.029458, and grid
placement is 0.024088. The average energy consumption is ana-
lyzed in which Grid node placement strategy gives better perfor-
mance.
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Fig. 7: Energy Consumed in Receive Mode

From the physical layer observation of experimental results por-
trayed in Fig. 8 it is identified that, random node placement strate-
gy gives better results in 10 nodes when compared another two set
of nodes. The uniform placement strategy gives better results, in
terms of minimizing the energy consumption in idle mode values
when compared to random and grid placement strategies in 20 and
30 nodes. The node size increases from 10 to 30, in average ener-
gy consumption in idle mode in random is 0.72651333, uniform is
0.76413333, and the grid is 0.546358. The energy consumption is
analyzed to ensure the performance of best in grid node placement
strategy.
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Fig. 8: Energy Consumed in Idle Mode

From the observation of the experimental results portrayed in Fig.
9, it is identified that, uniform node placement strategy gives bet-
ter results in 10 nodes when compared another two set of nodes.
Grid placement strategy gives better results, in terms of minimiz-
ing the jitter values when compared to random and uniform
placement strategies in 20 and 30 nodes. When the node size in-
creases from 10 to 30, the average jitter in random is 0.72651333,
uniform is 0.76413333, and the grid is 0.546358. The best average
jitter performance is analyzed and it indicates that grid node
placement strategy to be best.
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Fig. 9: Average Jitter

From the observation of the experimental results portrayed in Fig.
10 it is identified that, Grid placement strategy gives better results,
in terms of minimizing the end-to-end delay values when com-
pared to random and uniform placement strategies. The average
end-to-end delay in random is2.72881133, uniform is 3.13557933,
and grid is 2.33113167. The best average end-to-end delay per-
formance is analyzed and it indicates that grid node placement
strategy to be best.
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Fig. 10: Average End-to-End Delay

From the observation of the experimental results portrayed in Fig.
11 it is identified that, Grid placement strategy gives better results,
in terms of maximizing the throughput values when compared to
random and uniform placement strategies. The average throughput
in random is 72348.6833, uniform is 63305.84, and grid is
75550.5333. The best average throughput performance is analyzed
and it indicates that grid node placement strategy to be best.
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Fig. 11: Average Throughput

From the observation of the experimental results portrayed in Fig.
12 it is identified that, Grid placement strategy gives better results,
in terms of maximizing the packet delivery ratio values when
compared to random and uniform placement strategies. The aver-
age packet delivery ratio in random is 16.9243057, uniform is

15.06528, and grid is 17.7629633. Average packet delivery ratio
performance results are analyzed where uniform node placement
strategy proves better.

30
o
® 25
-4
z
2 2
&
g # Random
s
g >
t 10 | # Uniform
g M Grid
3
>
<

10 20 30

No of Nodes

Fig. 12: Average Packet Delivery Ratio

4. Conclusion

In this paper energy consumption of node placement strategies in
wireless sensor networks is investigated. It is observed that energy
balancing is an important optimization objective in wireless sensor
networks, as energy consumption during process depends on com-
puting ability, limited battery and storage capacity. Here, three
different node placement strategies are compared on the basics of
their physical and application layer parameters on three different
set of nodes. From the, observation of experimental the results it is
identified that, Grid placement strategy gives better results when
compared to random and uniform placement strategies.
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