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In this paper, we have suggested a new structural
arrangement of wireless sensor network. We have compared
our suggested network with the existing network in size, in
number of node required, transmission time and in other
fields.

Abstract— Data Aggregation is the most useful application in
wireless sensor network, but efficiency of network is also very
important for this purpose. Since, the sensor node has been
governed by the limited and very low battery power. Our main
objective of research is to reduce the power consumption in
communication of data packets. Power consumption can be
optimized either by using low value of transmitting power or by
reducing number of retransmitting nodes, in any multihop path.
An optimized sensor network has been used to reduce the power
uses of sensor node power bank i.e. battery.

We have also compared the quality of services for existing
and proposed structural arrangement of wireless sensor nodes.
We validate our analysis using MATLAB simulation. The rest
of this paper is as following: In Section II presents sensor
network model. In Section III defines the comparison of
Square grid and Hexagonal Networks. Numerical results and
Discussions are presented in the Section IV. Finally section V
concludes the paper.

Keywords—Sensor Nodes; Square Grid Network; Hexagonal
Wireless Sensor Network; Node spatial density; Bit Error Rate,
Wireless Sensor Networks.

I. INTRODUCTION
In wireless sensor network, packets have been transmitted
from the source node to the destination sensor node, via
multihop route. Packets have been relay from various
intermediate sensor nodes. These relay nodes and transmitting
sensor node are operated by limited and low battery power.

II. NETWORK MODEL
The best way to enhance the performance of a wireless
sensor network, an appropriate network must be required from
previous networks. Square grid topology was considered by
[2], [3], [16], [17], [18]. It motivates us to discover a new
topology. Hence for the enhancement of the performance,
hexagonal topology is being selected for its applications and
we got improved results.

Although, wireless sensor network has a lot of
applications, but the most important application is data
aggregation from remote areas. In such application, wireless
sensor nodes are densely deployed either in regular
arrangement or in random manner. One thing should be kept
in mind that the installation of sensor nodes is a tremendous
job. Hence, the power is the main issue in wireless sensor
network.

Throughout this paper, we consider a special arrangement
where P sensor nodes are spread over the finite surface of area
S. Node spatial density (nsd) in a wireless sensor network is
defined as the number of wireless sensor nodes spread in unit
area. Which is represented by
.
The wireless sensor network surface of proposed scheme is
as shown in Fig.1. In which sensor nodes are arranged on a
parallelogram tile, which ultimately makes a hexagonal
arrangement of sensor nodes (Fig. 2). Here we use MATLAB
simulation for the precise performance evaluation. We assume
a simple technique for data routing such that a message packet
is relayed hop-by-hop, via nearest neighboring sensor nodes,
till when it reaches the destination sensor node (Base station).
We also assume that a source sensor node discovers a route
before transmitting the data [4], [5], [6], [14]. Due to the
similarity of the topology, the distance to the nearest sensor
node, denoted by a fixed value (rlink) called hop and a
sequence of hops is constituted a route. First observe that
constructing a parallelogram lattice of P sensor nodes spread
over a surface of area S is equivalent to fitting P parallelogram
of area
into a large parallelogram of area S.

In any sensor node, power is consumed in three stages- 1)
In transmission, 2) In reception of data and 3) In hold stage,
But the measure part of battery power spends in the
transmission of data packets. Hence, due to limited and low
battery power in sensor nodes, the only way of getting high
quality of services (QoS) can be achieved to reduce the
number of links or hop in a route. In wireless sensor networks,
the number of hopes or links can be reduced by the selection
of a right arrangement of wireless sensor nodes [1]. These
sensor nodes have been communicate wirelessly, hence the
channel is susceptible to error. So in any data transmission,
high quality of services can also be achieved by reducing the
number of transmissions. As the data packets are transmitted
from source sensor node to the destination or base station
through multipath means data packets have been relay through
various intermediate sensor nodes. In this relay process, the
original information gets corrupted more and more at each
intermediate sensor node. Hence, in this paper, we have
reduced the number of transmissions of the data packets,
which ultimately reduces the error and improves the QoS.

Hence,
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observed at the receiving node is the combination of three
components:
1) The original message from the transmitting wireless sensor
node, 2) The interfering data from sensor nodes other than
transmitting sensor node, and 3) The thermal noise generated
from semiconductor components used in sensor nodes [7], [8],
[9], [10].
We assume that the noise signal (interfering data), which
come from other wireless sensor nodes, is the summation of
individual noise signal (interfering data) come from each
nodes [11], [12], [13], [15]. The received signal during each
bit period can be expressed as

r link (hop)
Fig. 1:

Sensor Node Arrangement

and, therefore, the hop distance to the adjacent wireless sensor
node can be written as following:

Tier 2

SReceived = STransmitting + SInterference + Thermal Noise

Where, Ssignal is the original message signal from the
transmitting sensor node, Sk is noise signal from kth interfering
wireless sensor node, and thermal signal is called thermal
noise, generated from semiconductor components used in
sensor node. In Digital Communication, if we consider BPSK,
the message is in the form of bits i.e. in the form of “Zero (0)”
and “One (1)”. When such data packet is transmitted from the
transmitter, this gets corrupted means many of the “Ones”
change into “Zeros” and many of the “Zeros” change into
“Ones”. The amount of these corrupt bits decided the received
signal quality; hence the measure of these corrupt bits over
total number of transmitted bit is called Bit Error Rate.

Tier 1

Tier 3
B. Number of Sensor Node used in Network
Base Station

Life time, data processing time, packet receiving time and
many other parameters have been associated with the total
number of sensor node used. In Hexagonal wireless sensor
network, the number of sensor node used to design a wsn is
lesser than the number used to create wsn in other topologies.

Relay Sensor Node

Fig. 2: Hexagonal Wireless Sensor Network

The route selection from source to the Base Station is very
simple, in this process only one sensor node act as transmitter
and only one sensor node act as receiver at a time. All other
remaining signal received at the receiving sensor node must be
treated as signal interference.
III. QUALITY OF SERVICESS AND OTHER PARAMETERS

Where,
is the maximum number tier in the wireless
sensor networks.

The Quality of Services and other parameters of
Hexagonal wireless sensor network are discussed as:

C. Packet Receiving Time from end tier node to the base
station
Packet receiving time is the main factor in Data
Aggregation application. Hence, the value of this factor also
shows the efficiency of wireless sensor network. In Hexagonal
wireless sensor network it is less as compared to the existing
square grid wireless sensor network. This happens because the

A. Bit Error Rate
In this section, we compute the hop Bit Error Rate and the
route BER (total bit error at the end of a multihop route).
Generally, in wireless sensor network, the received signal
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total number of hops used for traveling the data packet from
end tier node to the base station in hexagonal wireless sensor
network is less than the square grid network.

Fig. 4: Total Sensor Node required vs Number of Tier or Network Size

C. Packet Receiving Time from end of tier to the Base
Station
Here we compute and compare the Receiving Time of a
Packet of message bits, transmitting from the last tier to the
Base Station. It is clear from Fig. 5 that the Packet arrival time
from the end tier to base station for the proposed model is less
than the Square Grid Topology.

IV. COMPARATIVE RESULTS
In this section, we discuss and compare simulation results
of proposed idea with existing wireless sensor network.
Moreover, MATLAB is used as a simulation tool.

Packet Receiving time (seconds)

A. Route Bit Error Rate variations
In Fig. 3, the curve shown in Green colour represents the
BERroute for Rb= 100Kbps in Square Grid Network, for the
same data rate but in Hexagonal Network the BERroute is
represented by Red colour for various sensor node spatial
densities. Blue and Black colour curve represents the BERroute
for Hexagonal and Square Grid Network respectively with
Rb=2Mbps. It is clear that the wireless sensor network using
Hexagonal Network shows the better performance than Square
Grid Network.
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Fig. 5: Packet receiving time in the function of Number of Tier or Network
Size.

D. Improvement in BER for proposed scheme (In %)
In this, we compute the bit error rate after completing a route
in proposed idea. Fig. 6 shows the percent improvement in the
BERroute of square grid topology in the function various sensor
node spatial densities. Hence, it is clear that in hexagonal
topology previous result can be improved up to 54 percent.
The best results are shown (more than 20% Improved
BERroute) after 10-8 node spatial density and outstanding
improvement shows after 10-7.
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Fig. 3: Comparison between Square Grid and Hexagonal Topology on the
basis of BERroute and Node Spatial Density for various Data Rates.

B. Sensor Node Requirement
Number of Wireless Sensor Node can also be reduced by
using Hexagonal Topology, Fig. 4 shows the comparative
study of number of Sensor Node required in the function of
Number of Tier or Network Size.
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Fig. 6: Percentage Improvement in BERroute after using hexagonal
topology in the function of Node Spatial Density.
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V. CONCLUSIONS
The Hexagonal wireless sensor network improves the quality of
services as compared to Square Grid Topology and also provides
better connectivity of data due to less involvement of noise. Some
other parameters also show that the performance of Wireless Sensor
Networks enhances using Hexagonal Topology.

[18].

Global Telecomm. Conf. (GLOBECOM), pp. 2824-2829, Dec.
2003.
A. Nandi and S. Kundu, “Evaluation of Optimal Transmit Power
In Wireless Sensor Networks in presence of Rayleigh fading”
Journal On Communication Technology (ICTACT), June 2010,
Issue: 02
A. Nandi, D. Bepari, J. Jose and S. Kundu, ”Optimal Transmit
Power and Packet size in Wireless Sensor Network in Shadowed
Channel” International Journal on Communication (ACEEE), Vol
1, No. 2, July 2010.

Author
Brisheket Suman Tripathi received B.
Tech degree in Electronics and
Instrumentation
Engineering
from
Maharana Pratap Engineering College in
2003 securing 70.40%. He is M.Tech
Scholar in Department of Electronics
Engineering of same college. His research
interests include Ad hoc wireless sensor
networks, sensor network, medium access
control and performance modeling. He is
Student member of IEEE. He is Life Time Member of National
Society of Professional Engineers (New York), USA with Member
ID is 300183976. He is also Member of British Science
Association (Engineering Chapter), United Kingdom and
International Association of Engineers, Hong Kong since 2012.

REFERENCES
[1].

Brisheket S. Tripathi, M. Shukla, and M. Srivastava, “Performance
Enhancement in Wireless Sensor Network using Hexagonal
Topology,” Proc. IEEE Symp. Communication Control &
Intelligent Systems (CCIS 2015), pp. 117-123, IEEE Press, 07-08
Nov. 2015, CCIS-2015, (ID-36597).

[2].

Brisheket S. Tripathi and M. Shukla, “Performance of WSN In
Real Environment,” Proc. IEEE Symp. Emerging Trends in
Electrical, Electronics & Sustainable Energy Systems
(ICETEESES 2016), IEEE Press, vol. 2, pp. 10-14, March 2016.

[3].

S. Panichpapiboon, G. Ferrari, and O. K. Tonguz, “Optimal
Transmit Power in Wireless Sensor Network”, IEEE Transaction
on Mobile Computing, vol. 5, No. 10, pp. 1432-1447, October
2006.
S. Agarwal, R. Katz, S.V. Krishnamurthy, and S.K. Dao,
“Distributed Power Control in Ad-Hoc Wireless Networks,” Proc.
IEEE Int’l Symp. Personal, Indoor, and Mobile Radio Comm.
(PIMRC), vol. 2, pp. F59-F66, Sept. 2001.
R. Ramanathan and R. Rosales-Hain, “Topology Control of
Multihop Wireless Networks Using Transmit Power Adjustment,”
Proc. IEEE Conf. Computer Comm. (INFOCOM), vol. 2, pp. 404413, Mar. 2000.
T. Elbatt and A. Ephremides, “Joint Scheduling and Power Control
for Wireless Ad Hoc Networks,” IEEE Trans. Wireless Comm.,
vol. 3, no. 1, pp. 74-85, Jan. 2004.
R.L. Cruz and A.V. Santhanam, “Optimal Routing, Link
Scheduling and Power Control in Multi-Hop Wireless Networks,”
Proc. IEEE Conf. Computer Comm. (INFOCOM), vol. 1, pp. 702711, Apr. 2003.
V. Rodoplu and T. Meng, “Minimum Energy Mobile Wireless
Networks,” IEEE J. Selected Areas in Comm., vol. 17, no. 8, pp.
1333- 1344, Aug. 1999.
C. Bettstetter and J. Zangl, “How to Achieve a Connected Ad Hoc
Network with Homogeneous Range Assignment: An Analytical
Study with Consideration of Border Effects,” Proc. IEEE Int’l
Workshop Mobile and Wireless Comm. Network, pp. 125-129,
Sept. 2002. May 2003.
C.-C. Tseng and K.-C. Chen, “Power Efficient Topology Control
in Wireless Ad Hoc Networks,” Proc. IEEE Wireless Comm. And
Networking Conf. (WCNC), vol. 1, pp. 610-615, Mar. 2004.
Q. Dai and J. Wu, “Computation of Minimal Uniform
Transmission Power in Ad Hoc Wireless Networks,” Proc. IEEE
Int’l Conf. Distributed Computing Systems Workshops (ICDCS),
pp. 680-684,
T.S. Rappaport, Wireless Communications Principles and Practice.
Upper Saddle River, N.J.: Prentice-Hall, 1996.
O.K. Tonguz and G. Ferrari, “Is the Number of Neighbors in Ad
Hoc Wireless Networks a Good Indicator of Connectivity?” Proc.
Int’l Zurich Seminar Comm. (IZS ’04), pp. 40-43, Feb. 2004.
C.E. Perkins, Ad Hoc Networking. Addison-Wesley, 2001.
J. Boyer, D.D. Falconer, and H. Yanikomeroglu, “On the
Aggregate SNR of Amplified Relaying Channel,” Proc. IEEE
Global Telecomm. Conf. (GLOBECOM), vol. 5, pp. 3394-3398,
Nov.2004.
G. Ferrari and O.K. Tonguz, “Performance of Ad Hoc Wireless
Networks with Aloha and PR-CSMA MAC Protocols,” Proc. IEEE

[4].

[5].

[6].

[7].

[8].

[9].

[10].

[11].

[12].
[13].

[14].
[15].

[16].

42

