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Abstract: Wireless Sensor Networks have number of sensor
nodes with limited energy resources that can be deployed
regularly or randomly in the applications area. Compared to
conventional technologies WSN plays vital role in major
applications including structural health monitoring, hospitals,
environment monitoring, defense, mining, manufacturing and
industry automation. In WSN reliability of network architecture
is the crucial parameter. In this paper the study of reliability of
three different topologies of WSN (Wireless Sensor Networks)
namely star, ring and mesh networks are explained. This paper
explains the energy utilized by an each sensor node for during
data transmission in each topology. The simulation results will
provide useful idea for selection of topologies for sensor network
designers for continuous transmission and reception of data for
their applications.
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I. INTRODUCTION

Sensor networks have of a more number of sensors,

processing circuits, and a wireless transceiver [1], [2], [4].
The sizes of a sensor node are small in order to deploy a
many sensor nodes into remote and unmanned areas. When
the nodes are deployed, they organized themselves as a
network, and they can monitor the data in the application
area. The nodes get the energy from the battery cell, since
the size of a cell is limited; the amount of available energy is
also limited. Therefore, in sensor networks the reduction of
energy used by the each sensor nodes is the major issues.
Lifetime of the sensor networks is mostly depends on
consumption of energy in each node during transmission and
reveal of data [3]. In energy optimization technique takes
priority in WSNs for continuous transmission of data thereby
enhancing the network lifetime. By considering above cons
proper design has to make for each sensor node so that the
efficiency of networks can be improved.

In order to reduce the energy usage in each sensor nodes
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and to extend the lifetime of sensor networks an energy
management protocols and techniques have to be addressed.
There is no rule to select a particular architecture for
monitoring data in any applications. Wireless Sensor Nodes
formed a cluster of densely deployed nodes to communicate
the sensed information through sink nodes. Most of the
sensor networks constrained by the low power, dense
deployed and limited processing speed. Wireless Sensor
Networks has small, cheap, independent, and disposable
sensor nodes. Triangular lattice pattern was proposed in [5]
for monitoring the entire application area. But there are
several problems occur for finding optimal deployment
pattern. Dual Triangular pattern of deployment was
proposed in [6]. But this proposed method has disadvantage
that is usage of energy nodes at the edges are not considered
for finding overall energy calculation. Also in this paper they
deal with only information coverage. Some authors
explained range based sensing and communication models
for finding connectivity of nodes in the surveillance areas
[7]. Due to the some issues in sensor networks for routing the
packets from source to sink the researchers are start to
address the routing protocol in different aspects. To address
many issues in MAC layer and network layer, a lot of
research focuses on usage of energy in each sensor nodes
which is placed in the application areas [6], [7].

Energy efficient protocol related to coverage of nodes was
addressed in [8]. In this paper the authors present network
coverage problem of the WSNs. Here based on the network
characteristics the coverage protocols are named as
distributed and cluster protocols. The proposed algorithm
uses a probability model which is applied to node to node and
from source to control station. From this model, the numbers
of hops are calculated when the packet has to be transmitted
from one to other node. The literature survey concludes that
the reliability of network mainly depends energy level each
node deployed in the application area but, there is a trade-off
between reliability of the data transmission and energy
consumption. This paper clearly explains good performance
metrics in terms of energy efficiency by comparing node to
node and source to sink communication.

In this paper, the probability model is proposed in two
scenarios, that is hop-by-hop and end-to-end delay. From
this model, the numbers of hops are calculated that a packet
has to pass when it is being sent from source to destination.
The result shows each node
requires more energy for higher
reliability. Obviously, there is a
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trade-off between reliability and utilization of energy of the
entire network. This paper clearly focuses on comparison
between hop-by-hop and end-to-end mechanism in terms of
energy-efficiency.

Il. RELATED WORKS

Most of the researchers address the energy usage of sensor
nodes during transmission of data between the nodes.
Because of these requirements, most of the literature is
concentrated on finding solutions at various levels of the
communication protocol, including energy efficient
protocols. Energy usage of sensor nodes reduces the network
performance [7]. Although we do not wish to waste energy,
our system does have a constant, renewable energy source.
Number of algorithms had been projected by the researchers
with respect to energy consumption of sensor nodes. Most of
the related works deals with area coverage protocols for both
random and regular deployment of nodes. The author of [16]
addresses the k-coverage protocols and problems.
Researchers put more efforts for developing an energy
efficient protocol for improving the lifetime of the sensor
networks which can be given in [19]. A complete survey on
existing topology can be explained in [16] and [19]. There
are increasing research efforts on studying the issue of
reliable data transfer in WSN,[7]-[12]. From Hop-to-hop
data transmission was addressed in [7], recovery of data was
explained in [8], from end to end communication of data was
proposed in [9] and multi path data forwarding was
addressed in [12]. These techniques are used to achieve for
reliable data transmission.

Using probability model the hop to hop count and end to
end mechanism in transport layer was explained in [8]. By
using probability model they used to evaluate the number
of hops that a packet has to pass when it is being sent from
node to node. They also find the best possible number of
transmissions and also know there is a trade-off between
reliability and energy consumption. Probabilistic coverage
with various topologies also been studied in [5] but no
specific coverage protocol is presented. References [14] and
[15] are survey papers. These papers give an introduction to
the reliable data transport problem in sensor networks.

Authors in [18], [19] gives the features of Smart RF
CC2420, 2.4GHz |IEEE 802.15.4/ZigBee-ready RF
Transceiver. Two most important roles are reliability and
congestion control. A good protocol is not only a protocol
that guarantees two such goals but also an energy-efficient
protocol. Some researcher gave investigation about reliable
data transport between the nodes in sensor networks but
they are not focused on network lifetime and utilization of
energy by the sensor nodes.

I1l. MOTIVATION

There are many issues found from the related reviews which
were addressed by many authors in terms of sensor node
connectivity, congestion control in transport layer, energy
efficient, reliability of data transmission and k-coverage
protocols. These problems are overcome by selecting proper
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topology. The following section explains the mathematical
equation for finding maximum number of transmission,
probability of data packet reach the destination and
probability of sending packet successfully. Since each
topology has its own pros and cons under the operational
conditions therefore there is no common procedure for
selecting a best architecture for all conceivable wireless
sensor  Network applications. Various performance
parameters such as energy efficiency, network scalability,
communication reliability, data latency and environmental
constraints must be considered before deciding a particular
topology. The problem is to find the optimal network
topology based on the values of the performance parameters
(reliability and power consumption). The number of data
retransmissions and reception is mainly depends on the
reliability requirement, probability of link error and network
size.
The following assumptions are also made for WSN analysis:
i. Since the nodes are deployed randomly the connectivity of
sensor nodes are demonstrated by an directionless
probabilistic graph g(v,E), where v is the position of
vertices of the sensor nodes present in the network and &
is the position of edges (links).
ii.Let d(i,]) be the distance
iand j and R
Sensors i and | can communicate directly and a
corresponding undirected edge ey, exists, i.e. (i, j)eE if
andonlyifd (i, j)<R, . Nevertheless, directed edges can be
easily incorporated.
iii. A link eeE fails independently with a known failure
probability. A node veE also fails independently link

with a known probability.

iv. The failure probability for each link or node is given as a
fixed probability for a specified mission time or terms of a
lifetime distribution.

v.Here each sensor node is stationary and the topology of
network does not change during the transmission time.

between  nodes

. » be the range of each transceiver.

IV. PARAMETERS

N : Hops counts between source node to sink or destination.
Piink: Probability of error for a single attempt across one link.
T : Maximum number of transmission, which is maximum
number of times that node has to transmit a packet. That is
when the node transmits a packet the node will store a
duplicate of data packet in its buffer, and assign a count
variable with initial value as 1. In the absence of
acknowledgement signal from the receiving nodes the source
node will retransmit the packets to those particular receiving
nodes. For every retransmission of data packet the assigned
variable count will increase by 1. Until the node receives the
acknowledgement packet from the receiving node or the

assigned variable count reaches T the packet will not be
transferred from the source node to the concern receiving
node.
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H : Number of hops, it is the number of links between nodes
that the data packet has to be transmitting between source to
sink node or its destination. If there is no error, then the
distance of hops between source and sink are equal. In fact,
when an error occurs, a node needs to retransmit the packet.
The hop distance of packets between sources to destination is
equal to the total hop distance that the packets need to be
transmitting to reach its destination which includes the
transmission and retransmissions. The hop distance is
usually greater than number hops between sources to
destination. The energy consumption of a node is calculated
based on packets transmitted by an each hops. Therefore the
hop count is considered as cost of the network.

P... : which is probability of event that a packet cannot

successfully  reach

retransmission. P,

destination even  after  using
can be represented as reliability of the

network, if P, is small, then the network is fully reliable.
P, (maxy - Maximum probability of error, which is required

threshold of P,,, .The value of the threshold, should be one

of {0.01, 0.05, 0.1, 0.2, and 0.5}. In network, the condition
of reliability requirement is P, <P, . [20], [13].

V. MATHEMATICAL MODEL

Let us consider a packet is transmitted using one hop link.
The probability of the event that the packet reach the
destination after the i™ transmission is

i-1
P = Plilnk (1_ Plink) ()
Probability of the event that a packet not reached the
destination after T transmission is given by
T
Prait = Pink (2
The estimated number of hops of a packet is
T T
; P pi-l T
Ehop = Z' P = Z' Pink (1_ Plink) +T Pk ®)
i=1 i=1

We know that,
T ) 1_ PT +1
z Pl:nk — link (4)
i=0 1- Plink
By applying derivative on both sides of (4) then,

S LA
i=l " (1_ Plink)z

Using Eqn (5), and Eqn (3) can be reduced as,

{Tplﬁw;l - (T +1) P + 1(1_ Plink) + TPy (6)
(L= Py )’

Now the equation (6) can be simplified and the expression

for the estimated number of hops of a packet can be written
as,

©)

hop
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e 1- Plink

To reach the destination, the packet needs to take M links, so
the number of hops is,

H=nxE = nl_P';1k+l 8
- hop — 1-P ()
link

The probability of forwarding a packet successfully after
T transmissions through first hop is,

P =1-Pr =1- P|I1k 9)

The probability of sending a packet successfully after
T transmissions from source to destinationis given by

Ps = PIIrI]'lk = (1_ Pllka )n (10)

The probability of unsuccessfully sending a packet after
T transmissions from source to destination is,

P, =1-P. =1-(1-R], ) (11)

So, in the case of hop-by-hop, the estimated hop count of a
packet is derived from (8) and the reliability of network can
be obtained from equation (11). To get successful reliable of

transfer of data is obtained only if
Perr < Perr (max) Perr(max) = 0011017 """"" ) )
Therefore,
T n
I:)err =1- (1_ I:’Iink ) < I:)err (max) (12)

From equation (12), the maximum number of transmission
T s satisfied only when

T >Iog{l—(1— P, )ﬁJ

Thus, the value of T should be a positive integer which is
satisfied by equation (13).

(13)

VI. SELECTION OF TOPOLOGIES

The topology architectures used to implement wireless
sensor network solutions include star, mesh, and star-mesh
hybrid topologies. The selection of the suitable topology
depends on the quantity of data transferred, transmission
range, frequency range, life of the battery and mobility of
sensor nodes. The following section presents the comparison
between various configurations of WSN related to energy
efficiency, lifetime of the network and other performance
metrics.

A. Star Topology

In this topology sensor nodes have direct communication.
The communication range between the source nodes and the
base station is usually limited meters. In this topology all the
nodes are identical but it has its own cons. Since each node in
the network is transmit the data packets directly to the sink.
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If the nodes long distance from the sink node it consumes
more energy to complete the successful transmission of
packets so the battery energy is drained faster. Star topology

is illustrated in Fig.1.

=
?\g

=== ==
Fig.1. Star Topology

In a star topology sensor nodes are heterogenic and the
base station sends the commands to the sensor nodes at the
endpoints, and to transfer data to a higher-level system, such
as the Internet. Compared to other networking topologies the
star topology consumes less power but it is limited by the
transmission distance.

The main advantage is the network can be enlarge based
on the user applications that is star topology is scalable. In
this topology, if the single point or if any one node fails due
to lack of energy or any other physical disturbance there is
no reliable data transmission between nodes. In the star
topology, all the data transmissions are directed through the
central node. Hence the highest number of hops possible is
2.We have allowed 6 transmissions for the simulation in case
of failure. So the highest number of hops of the packet

possible is 12(worst case) and depends on the value of B;,

B. Mesh Topology

Mesh topology is a multi-hoping system. In this
configuration each node can exchange the data directly with
each other. In this network, a node can have a maximum of
four neighbours. An example of such neighbours is indicated
inredin Fig 2. In the network if any one of the nodes fails to
transmit the data to its neighbors the performance of the
network will not be reduced.

Therefore mesh topology provides reliable communication.
In mesh topology the size of the network can be increased
based on the user applications that is mesh topology is
scalable. The main disadvantage of this model is it consumes
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more energy and more delay for transmitting data from node
to node.

C. Ring Topology

In ring topology as illustrated in Fig.3 each node has its
two neighbour nodes for communication purposes. The
direction message transmitted towards either clockwise or
counterclockwise direction. Incase if one node fails due to
environmental conditions or lack of power then there is no
communication between the nodes and the performance of
the networks get reduced.

Fig.2. Ring Topology

The energy utilization of the transmitting nodes gets
increased because of retransmission of the packets. In this
configuration there is no data collision because each node
release the data packet after getting the acknowledgement
packet from neighbouring nodes but this causes the more
latency. Here there is no coordinator node for network
connectivity so there is equal access of resources.

D. Multi-Hop Power Consumption Model

Mathematical model for source to destination
communication power utilization model is explained here.
When calculating the power utilization of node, the energy
consumption due to overhead also to be considered. Always
power consumption of receiving circuitry is greater than
transmitting circuitry. Similarly, the power usages of base
band signal is estimated to be more compared to the sum of
power utilized by transmitting and receiving circuitry. In
order to calculate the total power used by the nodes we have
consider transmitting power, receiving power and distance
between the nodes.

Total power consumed by the network when data packet is
transmitted from source to destination can be written as,

nP, xex PT()
P(n)=(n—1) P, + n (14)

Where,
Py - Receiving power

P; - Transmitted Power
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R . -
P; (— - Power consumption for transmitting over a
n

distance (EJ
n

& - Constant given by Pg.... X A

Px, - RF power received by an antenna

min

P;, - RF power transmitted from an antenna

o is the path loss and is about 2 for free space and it will
increase when there is obstacles

VIl. SIMULATION RESULTS

Here simulation results are presented and analyzed. The
simulation parameters are inferred in Table 1. in this
simulation scenario the SN(sensor nodes) are placed as
regular deployment as four different configurations such as
Star, Mesh, Ring topology and Multihop.

Table- I: RF Power Module for MICA 2 Mote

Parameters Value
RF Power Received by an Antenna ( Pg,) 22.2 mW
RF Power Transmitted by an Antenna ( PTO )| 15.9mw
Number of Hop Counts H 18

Simulation results are discussed in terms of two parameters,
1. Probability of error vs the number of transmissions
2. Estimated number of hops vs number of transmissions

0 STAR TOPOLOGY
e P, = 0.01
0.6
+ P11ILL=005
05F
Eﬂl —+— PM—:O.]
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01=
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Fig. 4. Probability Error for Star Topology
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Fig.5. Estimated Numbers of Hops for Star Topology
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Fig.6. Probability Error for Ring Topology
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Fig. 7. Estimated Numbers of Hops for Ring Topology
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Fig.8. Probability Error for Mesh Topology
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Fig. 9. Estimated Numbers of Hops for Mesh Topology

Figures 4, 6 and 8 show the total Probability of error for a
star, a ring and a mesh network respectively for various
values of link error probabilities. The plot shows the number
of transmissions versus the probability of error. Clearly,
when the number of transmissions increases, the probability
of error decreases, thus, reliability goes up. We also see that
reliability goes down when probability of error per link
increases

Fig. 5, 7 and 9 show the relationship between estimated
hops count and the number of transmissions. Let the
estimated hop count from source to destination is 3. If there
is congestion then there will be a packet lost which will
increase the hop count. The higher probability of error per
link, the higher the estimated number of hops is. We see that
the estimated number of hops goes up when the number of
transmissions increases; it also means that energy
consumption increases.
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Fig. 10. Power Consumed in Star Topology

POWER CONSUMED IN RING AND MESH TOPOLOGY
12 T T T T T
|

10t

Power consurned in mYy
oy

Ring
Mesh

0 50 100 150 200 250 300
Mumber of hops

Fig. 11. Power Consumed in Mesh and Ring Topology

Figures 10 and 11 show the power used in each topology
for a message transmission as a function of the hop count. As
the hop count increases the power utilized by an each node
also increases for star and ring topology. Whereas in case of
mesh topology as the hop count increases the energy
consumed by an each node is not increased so much as
compared to star and ring topologies. Therefore increased
power consumption reduces the efficiency and lifetime of the
network.

VIIl. CONCLUSION AND FUTURE WORKS

Star topology has the best reliability network under ideal
case and between two hops that is by ignoring fault nodes,
failure of coordinator node as well as when the transmission
between source to the coordinator node and from the
coordinator node to the destination. When the coordinator
node fails there is no communication between source nodes
to destination node. Therefore
the efficiency of the network is
poor. The ring topology has the
worst reliability when the error
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probability per link is the maximum because if one of node in
the ring topology fails then there will be no communication
between two neighbouring nodes. Mesh configuration gives
better efficiency than ring topology with a comparatively
lesser error probability for maximum error probability per
link.

Power consumed in a mesh is less compared to the ring
topology to transmit data between two nodes separated by the
same distance. Considering the dependence on the central
node in star topology even though the power consumed may
be less it cannot be considered as efficient. As a whole, mesh
topology will be the best because, in case of any node failure,
routing will become extremely difficult in a ring and star
network as compared to mesh. The hop count will not vary
much between the nodes in a mesh due to the availability of
several alternative paths of same distance.

Our future work includes study of performance of different
topologies based on other performance parameters such as
latency, self-organization and sensitivity. The simulation
results shows the mesh topology provide better performance
metrics compared to star and ring topology and this results
helpful for WSN designers to choose proper topology for
their applications.
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