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Abstract: In wireless sensor network, security and energy efficiency is the main issue during transmission of
the packet. Tn order to overcome these issues, a cluster based routing architecture using P3O for ZigBee mobile
wireless sensor networks is proposed. In this studr, first clustering 13 done based on Particle Swarm
Optimization (PSO) techmque. The selection of best emissary node 1s done based on PSO technique to increase
the number of reliable node in the cluster. To maintain the energy efficiency, modelling of sleep period is done.
To increase the security during transmission, each information is encoded using channel coding with XOR

operation.
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INTRODUCTION

Mobile wireless sensor networks: W3N 1s a collection of
several wireless sensor nodes forming a multi-hop and
self-organized network via wireless communication
(Wang et al., 2012). Wireless sensor mote 13 a node in
WSN that can gather sensed data; process on the data
measured and communicates the processed information
with the connected network nodes (Mugelan et al., 2011).
The sensor radios and CPUs are coordmated into an
effective, robust secure and flexible network forms
the mdividual constitution of motes. They have low
power consumption and advanced communication and
one of IMore Sensors, a
communication device (typically aradio), a microcontroller
(with memory) and a power supply (battery) (Wang et al.,
2012; Singh et al., 2011). Hence, it has a wide range of
applications mn industry, national defense, environmental
monittoring, traffic control, medical services and the
household (Wang et al., 2012).

The typical WSN consists of sensor nodes, sink
nodes and management nodes. Sensor nodes are of two

computation capabilities,

types: static sensor node and mobile sensor node. Static
senor nodes mostly traditional wireless sensor network
nodes and communication between them depends on their
own limited resources and surrounding environment
causing communication disruption and lack of dynamic
networking. The drawbacks of static wireless sensor

networks like poor adaptability, lack of dynamic
networking etc can be compensated by deploying a
number of mobile nodes in wireless sensor networks
(Wang et al., 2012).

Issues of MWSN: However, W3Ns proper behavior 1s
affected by its large scale and communication/computing
and energy limitations (Jurcik et al., 2008). Tn addition,
nodes mobility in ad hoc networks is a critical issue
because of the overhead and complexity created during
mobile nodes management which affects the limited
Networks (WSN)

resources 1n Wireless Sensor

(Mouawad et af., 2013).

ZigBee networks: Wireless sensor networks require the
assistance from a wireless network protocols. There are
various wireless communication technologies like Blue
tooth, Wi-Fi, Zighee, etc. Among them, ZigBee a short
distance wireless network protocol specifically designed
for low data rate sensors and control networks for
wireless connectivity in inexpensive, portable and mobile
devices wlich 15 preferred due to its low power
consumption, low rate, low cost and short time-delay,
especially suitable for WSN. Unlike other wireless
protocols, ZigBee provide low complexity, reduced
resource requirements and most mnportantly, a standard
set of specifications. Also, it provides three frequency
bands of operation along with a number of network

Corresponding Author: B. Mecenakshi, Department of Electrical and Electromics Engineering, Sri Sairam Engineering College,

Chennai, Tamil Nadu, India

4489



Asian J. Inform. Technol., 15 (22): 4489-4499, 2016

configurations and optional security capability. ZigBee is
a proper alternative to the existing control network
technologies like RS-422, RS-485 or proprietary wireless
protocol. Zigbee has a wide range of applications in
building automation networks, home security systems,
industrial control networks, remote metering and PC
peripherals, etc., (Wang et al., 2012; Cheng and Huang,
2013; Xiao et al., 2009; Huang ef al., 2012a, b).

ZigBee, a wireless communication standard is built on
the [EEEB02154 low-rate Wireless Personal Area
Networks (WPAN) standard for monitoring and control is
proposed and mamtaimed by Zigbee alliance. The physical
layer (PHY) and Media Access Control (MAC) layer are
defined by the IEEE 802.15.4 (Cheng and Huang, 2013).
Excellent peer to peer communication can be provided by
ZigBee utilizing the IEEE 802.15 .4 assisted commumnication
components. Zighee can extend the network range with
Z1gBee specified upper network layer. Star, tree and mesh
topologies supports Zigbee (Yang and Yang, 2009).

However, ZigBee wireless applications face delivery
failures constantly because of node movements and
network topology changes (Shih ef al., 2013).

Cluster based routing in MWSN: The WSN mobility
problem can be handled using routing protocols by
updating the routes at a costly price (either using a
pro-active or a reactive routing protocol) (Mouawad et al.,
2013). And clustering can reduce data packet collision
probability occurring at network layer. Also, cluster based
routing reduce network loads and limit most of
communications in network (Shih et al., 2013).

Among the well known ZigBee topologies, ZigBee
cluster-tree topology is well suited for low-power and
low-cost wireless sensor networks among well known
ZigBee topologies since it supports power saving
operations and light-weight routing. [EEE 802.15.4 MAC
super frame structure manages the power saving
operations and a distributed address assignment policy
configured by several system parameters enable
light-weight tree routing protocol (Huang et af., 201 2a, b).

However, the restricted routing of a ZigBee cluster
tree network could not provide sufficient bandwidth for
the increased traffic load so the additional information
may not be delivered successfully. Also it failed to
provide QoS guarantee for critical packet deliveries in
muission-critical networks (Huang ef al., 2012).

Literature review: Wang et al. (2012) proposed a scheme
to design mobile wireless sensor node based on ZigBee.
Also the mobile node designed mto mobile indoor
wireless temperature sensor system details are presented
as well Anyhow, the hardware circuit design 1s
complex.

Shih et al (2013) proposed a ZigBee node
deployment and tree construction framework. The
mobility patterns’ regularity is considered while routing
tree construction and node deployment. An overhearing
mechanism is included for mobile nodes for further
enhancing delivery ratio. The proposed algorithms were
proposed for node deployment and tree construction in
the framework. However, the delay increases for all trees
as the speed increases.

Diallo et al. (2010) proposed an analytical model
relying on LQI derive an optimally one-dominating set
where the smaller distance separating two cluster heads
is improved. Hach caryomme chose its one hop
neighborhood some nodes which are its emissaries while
clustering Then two adjacent clusters is related by the
best emissary node located between the two respective
cluster heads. However, the scheme is not energy
efficient.

Huang et al (2007, 2012) proposed clustering
technique which extend the network durability and
decrease the energy waste while frequent reconstruction
of cluster, according to the proxy transferring data of
cluster using two thresholds. However the number of
alive nodes decreases with increasing rounds.

Tavakoli et al. (2013) presented an elaborate traffic
model due to sensing and clustering algorithm in the
network. The energy consumption of message exchanges
were modeled associated with ALEC algorithm. However
it cause power consumption and delay overheads on the
network.

Alrajeh et al. (2013) proposed a novel multi-radio
multichannel framework for efficient communication
among devices in WBAN for energy efficient and reliable
communication in WBAN. However, more energy is
consumed in multi-radic multi-channel mechanism
because of operation of extra radios.

Nabi et al (2011) presented a comprehensive
configurable mobility model MoBAN for evaluating intra
and extra-WBAN communication. Intra- and extra-WBAN
protocols were simulated using the model. The
communication between the sensor nodes within a
WBAN on a body is considered in Intra WBAN.
Meanwhile Extra-WBAN protocols concentrate on
communications between a WBAN and its environment,
with potentially several body area networks as well as an
ambient network. The model is configurable making it
open to various applications. However collision occurs
due to WBAN’s interference.

Chen and Pompili (201 1) proposed a novel in-network
solution for prioritizing the transmission of patient vital
signs using wireless body area networks and the solution
based on a distributed priority scheduling strategy
according to the current patient condition and on the vital
sign end-to-end delay/reliability requirement. However,
error occurs due to loss of data increasing the delay.
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Chen et al. (2010) proposed a novel wireless
communication solution seamlessly supporting patient
mobility and priontizing vital signs transmission using
Wireless Body Area Networks (WBANs). However, it
takes more time to set up communications between mobile
BANSs using Bluetooth.

Movassaght et al. (2013) proposed a novel
cooperative transmission scheme via network coding for
Wireless Body Area Networks (WBANs) for enhancing
reliability and throughput. The proposed Random XOR
Network Coding (RXNC) enable each relay to demodulate
the received signal from each sensor node and different
coded symbols and XORs were chosen amongst them to
generate a network coded symbol. However the scheme
becomes 1nefficient with a large number of source nodes.

Hara et al. (2011) proposed a cooperative scheme to
ensure reliable data transmission in a WBAN. A sensor
node is assigned autonomously by the scheme for each
sensor node on a human body as a cooperator out of
other sensor nodes and packets were retransmitted by the
cooperator retransmits packets from the sensor node for
a coordinator instead of the sensor node when the direct
link between them 1s blocked. However, the overall result
was affected much by the walking motion case.

Shih et al (2013) proposed random incomplete
coloring (RIC) with low time-complexity and high spatial
reuse to overcome m between Wireless Body Area
Networks (WBAN) mterference, leading to serious
throughput degradation  and  energy  waste.
Interference-avoidance scheduling of wireless networks
can be modeled as a problem of graph coloring. For
example, high spatial reuse scheduling for a dense sensor
network was mapped to high spatial-reuse coloring; fast
comvergence scheduling for a Mobile Ad hoc Network
(MANET) was mapped to low time-complexity coloring.
However for a dense and mobile WBAN, Inter-WBAN
Scheduling (TWS) should simultanecusly satisfy high
spatial-reuse  and fast convergence requirements
which are tradeoffs in conventional coloring. Moreover,
mcreased coloring number leads to decrease mn effective
transmission per slot.

MATERIALS AND METHODS

Problem identification and Selution: Tn our first study [],
we have proposed a fuzzy based energy efficient
clustering techmque for ZigBee sensor networks. In this
technique, fuzzy rules are formed on the input variables
mumber of hops, residual energy, received signal strength
and node degree and node rank is obtained as output.
The node with highest rank 1s chosen as cluster head.
When the sensor nodes want to transmit the data to the

sink, it is compressed in the cluster head and then
forwarded to the sink. During the cluster maintenance
phase, the node rank is estimated for every time period T.
When the rank of existing cluster head reduces, the node
with highest rank is selected as new cluster head.

In owr second study [], we have proposed cluster
based TDMA scheduling mechanism for IEEE 802.15.4
ZigBee Wireless Sensor Networks. This TDMA slot
allocation strategy allocates slots to the nodes based on
queue occupancy information. Tt assigns TDMA slots
starting from nodes with high queue occupancy value.
Nodes that have lugh queue occupancy value will
probably get long TDMA slot period. Our approach fairly
allocates slots to the nodes and considerably reduces
packet collision rate.

As an extension work, we propose to design a cluster
based routing architecture for mobile wireless sensor
networks using Particle Swarm Optimization (PSO)
technique.

Overview: Particle Swarm Optimization (PSO)technique is
rooted on the social behavior metaphor. PSO is also
described as a stochastic global optimization method. In
P30, a population of random candidate solutions are
initialized in the networls, these are syntactically referred
as particles called swarm. Every particle is allocated with
a random velocity and it is permitted to move in the
problem space. The moving particles are attracted towards
the best fitness location achieved by itself and the best
fitness location accomplished by the entire population.
P30 1s simpler to implement and every particle has
effective memory capability (DeValle et al., 2007).

Here, the clusters are reduced by increasing the
distance between the cluster heads so as to reduce cluster
overlaps, forming an efficient cover of the network using
link quality indicator. Now, the clustering techmque can
be extended by defining emissary nodes (Diallo et al.,
2010) which are sensors forming weak links with a node
and at least one good link with another node outside the
node’s neighborhood. The best emissary nodes are
selected using Particle Swarm Optimization (PSO)
technique to form a relation between clusters. This model
forms a backbone of set of cluster heads plus set of best
emissary nodes.

The energy consumption in this scheme can be
reduced by making the cluster heads involved in
transmission alone to be awake and making rest of the
nodes in sleep mode during transmission (Tavakoli ef af.,
2013). The sleep period was modeled and the node lifetime
is estimated. The life time can be increased by choosing
higher values of clustering perieds and lower values of
sensing reliability.
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Cluster Formation
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Transmission of
packet

— Apply channel
coding scheme

Fig. 1: Block diagram

Following, the noise m the transmission can be
reduced and the security of the system can be improved
by coding the messages wsing a channel code
(Movassaghi et al,, 2013). The symbols coded by the
source are modulated and transmitted to relays and
destinations. The relay nodes on receiving either decode
and forward or demodulate and forward to generate
network coded symbols. It chooses different decided
symbols and XORs them and transmitted to destination.
The decided symbol are optimized to reduce the error
probability.

Figure 1 represents the block diagram of proposed
cluster architecture. In the proposed architecture, cluster
formation is done by selecting best emissary node by
applying PSO and finding the fitness function in terms of
Link Quality Indicator (LQI). After that determine the
sleep period for node when no packets are there. To
increase the security, information to be sent is coded
using demodulate and forward technique along with XOR
operation.

Particle Swarm Optimization (PSO): Particle Swarm
Optimization is best technique to find the best fitness
value based on the swarm mtelligence concept. In this
techmique, colomal behaviors of unexperienced agents
mteracting locally with their existing environment results
in coherent global functional patterns. The technique is
mainly based on five fundamental principle of swarm
mtelligence (DelValle et al., 2007).

Proximity principle: According to this principle, the
group in swarm need to carry out simple space and time
calculation.

Quality principle: The swarm group should respond to all
the quality factors present in the environment.

Diverse response principle: The group should never
commit any activity along extremely narrow channels.

Stability principle: The behavior of each swarm should
be stable and should not change its behavior every time
according to changes in enviromment.

Adaptability principle: The swarm should change its
behavior only in case it is worth by considering
computational price.

Implementation of PSO: In the network, for each
individual in group possible solution can be found by the
movement of particle in the neighboring environment. The
position of each particle in group is established by vector
and based on velocity of the particle.

V0= vt =D+ vi(t) )

The information for each individual is obtained based
on its own experience and by observing the performance
of other individual in its neighboring circle. The
importance of getting information based on the above
mentioned two factors vary from one decision to another,
hence it is a wise decision to apply two random weight to
each part and hence the velocity can be determined by:

v, (0 =v,(t =)+ ¢, rand (P, — v, (t —1))....¢, Teand P, — v, {t =13}

(2)

Here, ¢' and ¢’ represents two positive numbers.

Rand 1 and rand 2 represents two random numbers with

uniform distribution. Equation 2 represents velocity

update equation which represents mainly three major
component:

¢+ The first component is called as “momentum™ or
“inertia”. Tt means the tendency of movement of the
particle will be in the same direction. It is represented
by a constant in the modified PSO

¢ The second component represents the best position
found by the moving particle. The fitness value is
called as Particle’s best (P, found by random
weight. This component is called as “memory”,
“remembrance” or nostalgia

¢ The third component represents linear attraction of
the particle towards best position whose fitness
value is called as global best (Gy,.) which is
represented by other random weight. This
component is called as “social knowledge™, “group
knowledge” or “cooperation”
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Based on the above derivation, the following steps
can be used for implementing PSO algorithm:

* Step 1: Initiate swarm by allocating a random
position in the real space to each particle in
group

*  Step 2: Estimate the fitness function of each particle
n the group

¢  Step 3. Fr each particle present in group, compare
each particle’s fitness value with its P,,,.. In case the
current value 1s better than P, value, then set this
value as P, and also the current particle’s location
yias P,

¢ Step 4 Determine the particle with best fitness value.
The fitness value for this particle is described as G,
and its position as P,

¢  Step 5 Update the position and velocities of each
and every particles using Eq. 1 and 2

*  Step 6 Repeat step 2-5 until all the best fitness value
1s found

Cluster formation: This section describes about the
formation of the cluster by considermg Link Quality
Identifier (LQI) as best fitness value and selecting best
emissary node by applying PSO algorithm.

Selection of best emissary nodes in cluster

Definition

Emissary node: Emissary nodes (Diallo et al., 2010) are
the nodes which have at least one good link outside the
vicmty of the network. In study, Diallo et al. (2010),
selection of emissary nodes are mainly based on the L.QI
to avoid any kind of overlap with the clusters. But in this
paper, selection of emissary node is enhanced by
applying PSO algorithm. PSO provides best solution with
each iteration and make it possible to reach the best
solution in terms of TLQI.

Link Quality Identifier (LQI) The LOI (L) 13 defined as
link between the nodes with strong received signal
strength. The received signal strength at emissary node
n, based on path loss model can be given as:

3)

Here, 0,., represents channel coefficient which
is determined by path loss model. A;; represents
additive zero mean white Gaussian noise with variance
2
.

n -

LoV, -

Here node with good received signal strength will
have good LQI. Consider a Cluster C1 with a set of node
N that means N = {n, n, ... ., 1,}. This study describes
about the selection of best emissary node in the cluster
based on the PSO algorithm. The selection of emissary
nodes in the cluster by the Cluster Head (CH) is explained
in the following steps.

Step 1: Define the nodes set in the cluster.

Step 2: Define the minimum LQI threshold to select the
node which have good links with neighbors. For each
neN where, I =1, 2, ... . 1, the set E; of participating
emissary node can be defined as:

E(n)={n eK,m)\{n},0<Lin,n)<L_} (4

where, K,(n,) is denotes neighborhood of the node n and
node n forms a link with each n;e K (n;). LQI in this case
1s represented by. L (n, n)>0L represents the LQI
between the nodes.

Step 3: Determine the link of n, € Nwhere I=1,2, ..., n
nodes, for each neLb(n), the set L{n, n) of the
neighborhood of n and which establish a very good link
with n; can be defined as:

E(n,n)=in, \Kn)Ln,0)>L, (3)

where, 1, represents the neighboring node.

Step 6: Determine all the emissary node with good link
with neighboring nodes. Determine the fitness function in
terms of LQI:

F(L)=£(V,.,.) (©)

Step 7: Apply the PSO algorithm (described in this study)
to choose the best emissary node. Equation 1 and 2 is
used to select best emissary node and determining the
fitness function i terms of LOI:

V(= y,(t -1 vilt)
V(0= v, (t — 1)+, rend1(Pi — y, (t — 1)

..... iy, rand1{Pi— y, (t — 1))
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Here, the particle represents emissary node E. Hence,
the E,., will be selected as the best emissary node in the
cluster by the Cluster Head (CH) by applying the PSO
technique. Until sufficient emissary nodes are collected
do the iteration. Figure 2 represents the clustering
technique with selection of best emissary node. Here
node 3 and 4 in CHI are the emissary node which strong
LQI with node 7 and 8. They have wealk link with 35
and 6. Hence, the strong link for transmission can be
through emissary node through 3-7 or 4-8. Similarly in
CH2 node 13 and 14 represents the best emissary node.
The node 13 has a good link with node 10 and node
14, hence the strong link for transmission can be 13-10 or
14-11.

Modelling of sleep period during clustering: This study
describes modelling of sleep period (Tavakoli ef af., 2013)
in order to increase the lifetime of node. To model the
sleep period consider that sleep 1s geometrically allotted
based on parameter Ty..,. Also, assume buffer of a node
in cluster as M/G/1/K queuing model along with
vacations. The sleep modelling mainly depends on
1-limited service policy according to which if there exists
any packet in the buffer, then immediately node transmits
only one packet at a time and immediately after
transmission goes to sleep. The moedelling of sleep period
1s explained m the followmng steps.

Step 1: Define the Probability Generating Function (PGF)
for one geometrically allotted sleep period as:

G(z)=>"" (1T )T =07 ) (7

=
deep” 1— z
sleep!

Step 2: Determine the average value of one sleep period
as:

1
1-T

sleep

(8)

— d
G=—(Gy)|z=1=

Step 3: Determime PGF of number of packet arriving to
buffer at the time of sleep period of a node. For thus
assume that number of arriving packet follow the Poisson
process at the rate, then determine PGF as:

H(z)=G'()n—n,) ©)

where, H (s) = (1-Ty,)e%1-T, e° represents the
Laplace-Stateltjes Transform (LST) of the sleep
period which can be obtained by substituting variable z
with e™.

Cluster Head
o d -
Emissary Node
-
\J
» Node with best LOI

»  Node with poor LOI

Fig. 2: Cluster formation with best emissary node

Step 4: Detenmimation of successive sleep period for small
buffer size. In case, there is no packet in buffer, the node
in the buffer starts another sleep period immediately. As
the packet service period is much smaller than node’s
sleep period, hence the new sleep starts only in case there
were zero packet arrival at th time of sleep period with the
probability H (0) = G* (). Hence, PGF of consecutive
sleep period can be given as:

2y = (-G * (G (10)
(=G~ (XG(2)

Also, the average value of sleep period can be given as
Eq. 11:

1
- 11
(1T, 01— Gxn) an

—_

Channel coding scheme using XOR operation: This
study describes about reliable chammel coding scheme
based on demodulate and forward technique along with
X OR operation.

In this type of techmque, i first step each source
encode its I information symbol with help of C channel
code for example coding scheme such as LDPC code or
any other convolutional code is used in order to generate
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G = T/C coded symbols. Once the coding is done all the
coded symbols are modulated and transmitted to the
emissary nodes. Once coded symbols 13 received at the
emissary node, it performs demodulate and forwards
(DMTF) in order to generate network-coded symbols. The
DMF is an efficient method to create some network-coded
symbols and transmits them to emissary node.

Let f,. represents o® bit of coded message of the n,™
source. Based on path loss model, the received signal at
n" the emissary node can be given in Eq. 12:

zZ (12)

n; 7 n;

=C,u X, +1

n; °n;

After that emissary node n; calculate the log
probability ratio as:

rob{f ,, =0]7Z, . }
Qo (0 =i e =01 2o,
R probif, ., =0[Z, .. }
( | n; % n 7Dn ’n ‘2

exp(— S E—

—In 2 _(13)
ex (7‘ n;’n,‘i n)7nj‘
P 2,
2Dni’n Z’n;’n
by

Here, 1t 13 supposed that BPSK modulation 1s used.
According to following condition, emissary node n
obtains all coded message as:

FQ, o, (F, 0 )0
thenf , =0

esef, ,, =1

In order to generate different channel coded
symbol, emissary node select h different bits randomly
from the determined coded symbols and then apply XOR
to generate different channel coded symbols. This
procedure continues till emissary node generates R coded
symbols. Specially, for emissary node n, the o® bit of
channel-coded bit sequence can be given as:

- B

fn,pxc, = (ZUBJ_ ymod?2 (14)
i=1

where, 1J’s are selected evenly at random from the set

f.f, f. fuofes  fue Figure 3 proposed technique

15 described through bipartite graph. In this scheme coded

symbols from each source is considered as a variable

Aj coded bits

A coded bits Ay coded bits

By coded bits B coded bits B, coded bits

Fig. 3: Bipartite graph for channel coding schemenlsk

node and each decided symbol at the emissary node 1s
considered as check node. As shown in Fig. 3 each coded
symbols is correctly connected 2 decided symbols. The
variable node 11 and 12 1s correctly connected with two
decided symbol at emissary node 1 and 3. Also, variable
node 12 is correctly connected with two emissary nodes
2 and 6.

The overall Algorithm:
/f8election Emissary

1. Define node set N in cluster C;
2. Define minirmum LOT threshold

3.Forne NwhereI=1,2,.......n
4. Check condition (n=T.,.)
5. I Loy

6. Select nas Participating emissary node
7. Repeat condition
8. Collect emissary node with set E,
9. Apply PSO for set By
10. Determine fitness value in terms of LOI
11. Select El,,,., as best emissary node.
[ Modelling of sleep period//

12. Determine PGF for one sleep period
13. If packet is available
14. Then ntransmit one packet and goes to sleep again
15. Else node wakes after average sleep period
16. Compare log probability Q with 0

if f 0

17. "Ithﬁ”th,: ""i%

elsef,, =1
18. Obtain the coded message
19. Transmit the coded message through emissary node

RESULTS AND DISCUSSION

Simulation setup: The performance of the proposed
Cluster Based Routing Architecture using PSO (CBRAP)
15 evaluated using N32 simulation A network which 1s
deployed in an area of 100 X 100 m is considered. The
[EEE 802.15.4 MAC layer 1s used for a reliable and single
hop communication among the devices, providing access
to the physical channel for all types of transmissions and
appropriate security mechanisms. The TEEE 802.15.4
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specification supports two PHY options based on Direct.
Sequence Spread Spectrum (DSSS) which allows the use
of low-cost digital IC realizations. The PHY adopts the
same basic frame structure for low-duty-cycle low-power
operation, except that the two PHYs adopt different
frequency bands: low-band (868/915 MHz) and high
band (2.4 GHz). The PHY layer uses a common frame
structure, containing a 32-bit preamble, a frame length.
The simulated traffic is CBR with UDP source and
sink. Table 1 summarizes the simulation parameters
used.

Performance metrics: The performance of CBRAP is
(LQI) [] scheme. The performance
15 evaluated mamly,

compared with the
according to the followmg
metrics.

Average end-to-end delay: The end-to-end-delay 1s
averaged over all surviving data packets from the sources

to the destinations.

Average packet delivery ratio: It 1s the ratio of

the mumber of packets received — successfully
and the total number of packets
transmitted.

Packet drop: It 1s the number of packets dropped during
the data transmission.

Energy: It 1s the average energy consumed by the nodes
for the data transmission. The sinulation results are
presented in the next study.

Based on nodes: In our first expeniment we vary the
number of nodes as 25, 50, 75 and 100. From Fig. 4, we can
see that the delay of our proposed CBRAP is 25% less
than the existing LOI protocol. From Fig. 5, we can see
that the delivery ratio of our proposed CBRAP is 68%
higher than the existing T.QI protocol.

From Fig. 6, we can see that the packet drop of our
proposed CBRAP 1s 75% less than the existing LOI
protocol. From Fig. 7, we can see that the energy
consumption of our proposed CBRAP is 32% less than
the existing L.QI protocol.

Based on rate: In our second experiment we vary the
transmission rate as 10-50 Kb. From Fig. &, we can see that
the delay of our proposed CBRAP is 69% less than the
existing LQI protocol.

——CBRAP

—i—LQl

Delay(sec)
S &
)r

0 .
25 50 75 100
Nodes
Fig. 4: Nodes vs. delay
——CBRAP
—a—LQl
o U
= 05 A
& 04 / \‘__,._.4
> 03
202 — |
8 0.1
0 . .

25 50 75 100

Nodes

Fig. 5: Nodes vs. delivery ratio

Table 1: Simulation parameters
No. of nodes

25,50, 75 and 100

Area size 100x100

Mac IEFE 802.15.4
Rimulation time 50 sec
Transmission range 15m

Traffic source CBR

Packet size 80 bytes

Transmission rate 10, 20, 30, 40 and 50 kb

From Fig. 9, we can see that the delivery ratio of our
proposed CBRAP is 60% higher than the existing LQIT
protocol.

From Fig. 10, we can see that the packet drop of our
proposed CBRAP 13 90% less than the existing LQI
protocol.

From Fig. 11, we can see that the energy
consumption of our proposed CBRAP is 26% less than
the existing LOI protocol.
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CONCLUSION

In this study, a cluster based routing architecture
using PSO for ZigBee mobile wireless sensor networks 1s
proposed. The main aim of clustering in this paper is to
get most reliable node and maintain the energy efficiency
during transmission. The selection of best emissary node
15 done based on PSO technique to mcrease the number
of reliable node m the cluster. To maintain the energy
efficiency, modelling of sleep period 13 done This
technique maintains the energy efficiency by assigning
appropriate sleep period for each node. To increase the
security during transmission, each information is encoded
using channel coding with XOR operation.

REFERENCES

Alrajeh, N., S. Khan and B. Shams, 2013. Multi-channel
framework for body area network m health
monitoring. Appl. Math. Inf. Sa. Int. 1., 7: 1743-1747.

Chen, B. and D. Pompili, 2011. Transmission of patient
vital signs using wireless body area networks. Mob.
Netw. Appl., 16: 663-682.

Chen, B., I.P. Varkey, D. Pompili, J.K. Li and T. Marsic,
2010. Patient vital signs monitoring using wireless
body area networks. Proceedings of the 2010 IEEE
36th  Amnual  Northeast — Conference  on
Bioengineering, March 26-28, 2010, TEEE, New Jersey,
USA., pp: 1-2.

Cheng, SH. and CY. Huang, 2013. Coloring-based
mter-WBAN scheduling for mobile wireless body
area networks. IEEE. Trans. Parall. Distrib. Syst., 24:
250-259.

DelValle, Y., G.K. Venayagamoorthy, S. Mohagheghi,
I.C. Hernandez and R.G. Harley, 2007. Particle swarm
optimization:  Basic concepts, variants and
applications mn power systems. Evol. Comput. IEEE
Trans., 99: 1-1.

Diallo, C., M. Marot and M. Becker, 2010. Using LOI to
improve clusterhead locations in dense zighee based
wireless sensor networks. Proceedings of the 2010
IEEE 6th International Conference on Wireless and
Mobile Computing, Networking and
Communications, October 11-13, 2010, IEEE, France,
ISBN: 978-1-4244-7743-2, pp: 137-143.

Hara, S., D. Anzai, K. Yanagihara, K. Takizawa and
K. Hamaguchi, 2011. A cooperative transmission
scheme for real-time data gathering in a wireless
body area network. Proceedings of the 2011 IEEE
22nd International Symposium on Personal, Indoor
and Mobile Radio Communications, September 11-14,
2011, TEEE, Japan, ISBN:978-1-4577-1346-0, pp:
2254-2258.

Huang, M.C., J.C. Huang, J.C. You and G.J. Jong, 2007.
The wireless sensor network for home-care system
using ZigBee. Proceedings of the Third Intermational
Conference on Intelligent Information Hiding and
Multimedia  Signal Processing ITHMSP-2007,
November 26-28, 2007, TEEE, Kaohsiung, Taiwan,
ISBN:978-0-7695-2994-1, pp: 643-646.

Huang, Y K., C.F. Kuo, A.C. Pang and W. Zhuang, 201 2a.
Stochastic delay guarantees in zighbee cluster-tree
networks. Proceedings of the 2012 IEEE International
Conference on Communications (ICC), June 10-15,
2012, TEEE, Canada, ISBN: 978-1-4577-2052-9, pp:
4926-4930.

Huang, YX., A.C. Pang, P.C. Hsiu, W. Zhuang and P. Liu,
2012a. Distributed throughput optumization for zigbee
cluster-tree networks. IEEE. Trans. Parall. Distrib.
Syst., 23: 513-520.

Hwang, H., Q. Deng, X. Jin and S. Kim, 2012. The cluster
head replacement delay clustering mechanism using
proxy transmission in ZigBee enviromment.
Proceedings of the 2012 8th International Conference
on Wireless Commumnications, Networking and
Mobile Computing (WiCOM), September 21-23, 2012,
TEEE, Shenyang, China, ISBN: 978-1-61284-684-2, pp:
1-5.

Jurcik, P., R. Severmmo, A. Koubaa, M. Alves and E. Tovar,
2008. Real-time communications over cluster-tree
sensor networks with mobile sink behaviour.
Proceedings of the 2008 14th TEEE International
Conference on Embedded and Real-Time Computing
Systems and Applications, August 25-27, 2008, TEEE,
Porto, Portugal, ISBN: 978-0-7695-3349-0, pp: 401-412.

Mouawad, A., G. Chalhoub, G. Habib and M. Misson,
2013. A performance study of mobile nodes n a
wireless sensor network. Proceedings of the 2013
Third International Conference on Communications
and Information Technology (ICCITT), June 19-21,
2013, IEEE, Beirut, Lebanon, ISBN:978-1-4673-5306-9,
pp: 136-140.

Movassaghi, 3., M.  Shuvanimoghaddam  and
M. Abolhasan, 2013. A cooperative network coding
approach to reliable wireless body area networks
with demodulate-and-forward. Proceedings of the
2013 9th International Conference on Wireless
Commurmnications and Mobile Computing (IWCMC),
July 1-5, 2013, IEEE, Sydney, Austrialia,
ISBN:978-1-4673-2479-3, pp: 394-399.

Mugelan, R K., M.GN. Alsath and V. Yokesh, 2011. Fault
tolerant wireless sensor network for remote data
acquisition. Proceedings of the 2011 International
Conference on Electromics, Communication and
Computing Technologies (ICECCT), September
12-13, 2011, IEEE, Chennai, India, ISBN:
978-1-4577-1895-3, pp: 69-72.

4498



Asian J. Inform. Technol., 15 (22): 4489-4499, 2016

Nabi, M., M. Geilen and T. Basten, 2011. MoBAN: A
configurable mobility model for wireless body area
networks. Proceedings of the 4th International ICST
Conference on Sunulation Tools and Techmiques,
March 22-24, 2011, ICST, Barcelona, Spain,
ISBN:978-1-936968-00-8, pp: 168-177.

Shih, Y. Y., WH. Chung, P.C. Hsiuand A.C. Pang, 2013. A
mobility-aware node  deployment and tree
construction framework for ZigBee wireless
networks. [EEE. Trans. Veh. Technol., 62: 2763-2779.

Singh, R., S. Mishra and P. Joshi, 2011. Pressure
monitoring in wireless sensor network using Zigbee
transceiver module. Proceedings of the 2011 2nd
International Conference on Computer and
Communication Technology (ICCCT), September
15-17, 2011, IEEE, New York, USA., ISBN:
978-1-4577-1385-9, pp: 225-229.

Tavakoly, H., I. Misic, M. Nader1 and V.B. Misic, 2013.
Interaction of clustering period and event sensing
reliability in TEEE 802.15.4 based WSNs. Proceedings
of the 2013 9th International Conference on Wireless
Commurnications and Mobile Computing (IWCMC),
July 1-5, 2013, IEEE, Tehran, Iran, ISBN:
978-1-4673-2479-3, pp: 774-779.

4499

Wang, F., Y. Bai and J. Zhao, 2012. The design of ZigBee
protocol based mobile node m wireless sensor
network. Proceedings of the 2012 2nd International
Conference on Consumer Electronics,
Commumnications and Networks (CECNet), April
21-23, 2012, IEEE, Beymg, Cluna, I[SBN:
978-1-4577-1414-6, pp: 652-655.

Xiao, J., S. Sun and N. Xi, 2009. ZigBee protocol

based mobile sensor node design and
communication  configuration  implementation.
Proceedings of the 2009 Conference on Chinese
Control and Decision, Jue 17-19, 2009,
[EEE, China, ISBN: 978-1-4244-2722-2, pp:
4702-4707.

Yang, H. and S.H. Yang, 2009. Connectionless indoor

wmventory tracking in  Zigbee RFID sensor
network. Proceedings of the 35th IEEE Annual
Conference on Industrial Electronics IECON'09,

November 3-5, 2009, IEEE, Loughborough,
England, ISBN: 978-1-4244-4648-3, Pp:
2618-2623.



	4489-4499_Page_01
	4489-4499_Page_02
	4489-4499_Page_03
	4489-4499_Page_04
	4489-4499_Page_05
	4489-4499_Page_06
	4489-4499_Page_07
	4489-4499_Page_08
	4489-4499_Page_09
	4489-4499_Page_10
	4489-4499_Page_11

