International Journal of Electrical and Telecommunication System Research Volume 7 Number 7, July 2015

Efficient Routing Technique in a Wireless Sensor Network
using Personal Area Network and Artificial Neural Method

'James Agajo. ’Okeke Benjamin Chukwujekwu, *Awolo C.I., ‘Igbinosun Osayomwanbor Micheal
1 Department of Computer Engineering Federal University of Technology, P.M.B 65 Minna.
: Nigeria
I)cparlmenl of Information Management Technology. Federal University of Technology Owerri Imo State
l)epartmem of Electrical/Electronic Engineering Auchi Polytechnic Auchi, Edo State
“Department of Computer Engineering, Shaka Polytechnic Benin City Edo State

Abstract

Efficient routing technique and localization in a Wireless Sensor Network describes how multiple
wireless sensing nodes can be effectively addressed and arranged within a Personal Area Network
(PAN) in a Wireless Sensor Network. The method involve creating multiple PAN in the network to
be coordinated by a Full Functional Device called coordinator, the rest nodes in the PAN are
referred to as reduced functional device (RFD), to achieve this the nodes were patterned in the
order of an Artificial Neural network (ANN), which gave rise to an a maximum of 65025 sensor
nodes that can be addressed. This method made it possible for data (payload) transmitted by each
node to be received by the specific receiving node at the destination with the aid of node addresses.

Keyword: PAN, FFD, RFD, Routing, Payload

1.0 Introduction

The ease of deployment offered by wireless
sensor networks often comes with a lack of
precise localization. Short of using an absolute
positioning system, such as GPS, to position and
monitor each node, knowing a definite location
for a node is a challenge.

The goal of this paper is to affirm the address of
the sensor node and also used to detecting faulty
node, locate the faulty sensors in the wireless
sensor networks node addressing method. We
propose and evaluate a localized node detection
algorithm to identify a particular sensor node.
The implementation complexity of the algorithm
is low and the probability of correct diagnosis is
very high even in the existence of large fault
sets.. Due to the low cost and the deployment of
a large number of sensor nodes in uncontrolled
or even harsh or hostile environments, it 1s not
uncommon for the sensor nodes to become
faulty and unrehable. The networks must
exclude the faulty sensors to ensure the network
quality of service. To identify the faulty sensor
nodes is not trivial at all because of the existing
challenges. Sensor nodes are powered by
batteries, which are considered as limited

resources. It is very expensive for the base
station to collect information from every sensor
and 1dentufy sensors in a centralized manner.
Different applications may require the senor
node detection to be conducted in a real-time
mode with low latency or high throughput.
Therefore, a localized and distributed generic

Algorithm for each node is highly preferred in
wireless sensor networks. [6]

Cluster head method is not being used here, but
rather a neural network arrangement that
patterns the nodes in a linear form.

2.1 Neural Network Wireless Sensor Network
Topology

In the neural network arrangement each node
transmit from one sensor node to the other in a
personal area network, the node within the
network is called reduced functional device
(RFD), a sink node called the full functional
device (FFD) manages the network, which is the
destination where the final data transmitted
resides.

This work adopts the forward propagation
method where the nodes are referred to as
Reduced Functional Device while the FFD 1s
referred to Full Functional Device.
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We come up with a design where weight w and
input x are the source variables

X;-W,
X; W,
X: W,
A forward propagation technique will require a
transition for the neural set considering the
values of x as input and W as weight as in
equation 1.
XuWip — XoWy = XiaWs e X1n Wy
lewl = XZZWZ = X23W3 ase sen .inwn
X31W1 - X32W2 S X33 W3 wan e 'X3‘.l'lm1
- e (1)

Xmlwl - Xm2W2 - Xm3W3 ....anmlj

This work refers to reduced functional device
RFD as the source which is the input and the full
functional device FFD as the sink. We therefore
substitute the input x in the neural set as R while
FFD is substituted for F as in equation 2.

R11Wy — RipWp = RygWs oo . RinWi
R21W1 - Rzsz i R23W3 ....Rznm
R31Wy — R3;Wy — RygWs .. ... Ry W),

: r (2)

RmiWi — RmaWa = RinaWs e oo Ry W/

The neural set above directly substitute X for R
and the following matrix represents the solution
for the equation (3)
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The Matrix in (3) can be modelled in the form of
the logical linear progression topology as shown
in figure 1.
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Figure 1 Artificial Neural Network Model WSN

Inter node data transmission is made possible by
the node address, that is for data 10 Ih°
transmitted between nodes their respective
addresses and their payload will be noted,
thereby arranging the node in the network. To
follow a particular routing protocol, a particular
route is characterized by column which is the
PAN (Personal area network), while the row
represent the next route.

The node in the row will involve picking on the
nodes column after column in a particular row
that is Ryy,Ry5, ... Ryn, while the last row will

involve R,,,;, R

m2s- Rps.

This work presents Column = inner loop while
row = outer loop.
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The recursive equation for the inner loop which
stand for the column will be the first to be
executed before that of the outer loop which is
the row as represented by equation 4.

Inner lOOp = Z Ri (4)
i=1
m

outer loop = Z R; (5)
Jj=1

R; 1s node parameter like data and address is
shown in figure 5.

overall nodes in the network
nm
=D R (©
=1
i=1

A node sequence reading algorithm and
flowchart is shown in figures 2 and 3.

Start

Dimension Sensor node(n) in PAN
Dimension Sensor node Address(n)
Dimension Sensor node Address(n)
Count(j)=+1

Count(i)=1

Read transmit Payload within Sensor node in
PAN

Read Sensor node Address

Count(i)=i+l

>m

receive and send acknowledgement between
node

Count(i)= Count(i) +I
Count(i)> max

next PAN

Figure 2: Node Routine Algorithm
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Figure 3 Flowchart of node transmission
sequence

3.0 Personal Area Network and FFD

A Personal Area Network (PAN) is evolved by
coming up with a sink node head called Full
Functional device (FFD) which manages its own
network within a PAN. The PAN is an array of
node arranged in an ordered form to transmit
data from one node to another within a particular
PAN as shown in figuie 4, 5 and 6. The structure
is arranged in matrix form to transmit data. This
work employs a transmit and receive after

acknowledging the source and sink addresses

respectively.  This communication  system

simply send data when it has data ready to send

and then waiting for an acknowledgement.

Calculating Addressable Sensor Node in a 8 B_it
System, the total number of addressable node mn

the PANis 2" — 1

For an 8 bit processor, n = 8

Total number of addressable node in a nod_c in
the PAN is Y — 1foran 8 bit processor machine.
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N - MQR
PAN addressable node 1s 2" — 1 = 255
n = 8 number of it for processor

The cight node i the PAN network is made to
communicate with cach other, with the last node
peen the sink node m the network this s
considered the column,

For total number of addressable node in the
network .

A total of 8 PAN will be needed for the entire
network

For the entire network the total number of node
18

(Y = 1)(Y = 1). Since Y = 2", the total number
of nodes 1s

2"-1)@2"-1)

= 255 x 255 = 65025

in a Wireless Sensor Network is 65025
@"-DE"-1)

=Y -1)(Y-1)=Y2-2Y+1

Maximum number of addressable node for 8 bit
processor

=(2FPF - 2021 +1 (7)

22" — 2m*+1 4 1 formular represents the
maximum addressable node in the network with
8 bit processing machine.

3.1: Node Keying and Addressing Technique
PAN Address is the sink node

Device Address is the normal soucre nodes
[PAN Address] [Device Address|= [Location|

Figures 4, 5 and 6 are matrix representation of
sensor node in the field at the end of each PAN
is the overall sink node.
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Figure 4: WSN network matrix
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Figure 5: Node Location Address Routine

DOY D10 D20.... .D2s4g | [p2sso |

DO DI D21... ] p2sS|

D32 DI D22.... prss2

;
‘ - | NODE

10(_\1101‘1

} ADDRESS |

"

DO,255 D1,258 D258 ....ciceeneerrnnrnnD2S4,255 | [P255255 J

Figure 6: Device Matrix

Figures 4, 5 and 6 represent the matrix
arrangement of RFD, PAN for the wireless

Sensor nodes, while figure 6 is for the matrix in
the field,
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Table 1: Address allocation table

ST DENVICE PAN
0. Doo 5 [ PI==0 S——
1. DOo1 P2==1
z. Doz P2s=2
“
25X D2XEE P2Ex

NODE LOCATION
ADDRESS
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ADDRES CODE

D00 PI=50
DOl P255.1
D02 P255.2

D2SSPISS5 255

00000000
00000001
00000010

|11111111

Figure 5 stands for the process of obtaining the
result from dot product while figure 6 then result
of the dot product is the address describing the
location of the node location address.

Table 1 shows the resulting node location which
assigns an address after combining device and
PAN together to get location and address of the
node.

4.0 Routing Implementation

Simple 8-bit processors like an 8051, AT-
MEGA 8 was made to handle this chores easily.
Here the node is made to transmit data only
when there is data to be transmitted, we adopt a
sleep/active mode technique as we consider the
excess circuit associated with Clustering Head
method for multiple nodes; in such cases the
data header generally contains addressing
information so that the data is received by the
correct host node . Typically, two addresses are
included, the destination address, which is where
the packet is intended to go, and the transmitter's
address which is necessary if there is to be a
reply sent. In addition, other fields may be
present, to identify the particular applications
that are running on the network host that are
sending and waiting for data.

stem 1S design such that data is
The nfi)tjted from one node to other node by
;i?ig note of the address of node for which data

will be transmitted. |
ddress is noted and the destination
i the data is then transferred

address is also noted,

after acknowledgement has been made.

initial design is shown in Table 2

Table 2: Frame Structure

An

SOURCE
ADDRESS

DESTINATION
ADDRESS

PAY
LOAD

The source address is for the address of the
source none while the destination address stand
for the address of node at the destination.

Simulations using PROTEUS LABORATORY
showing a Full functional Device (FFD) and
Reduce Functional Device (RFD) to realize
Artificial Neural Network are shown in Figs 7

and 8.

UIRELESS FAULT LOGGER
SYSTEN

=========2=======::::

PAULTY SENSOR NODEC1811.00080)

FAULTY SENSOR NODE(10080.8881)
PAULTY SENSOR NODE(1801.08811)

Figure 7: Simulation Result of Sensor node and
fault detection using sensor address
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Figure 8: Routine implementation using Proteus Laboratory

Figures 7 and 8 was used to demonstrate how
the entire process works, the PROTEUS
Software window was used to realise data
transmission with the aid of the node addressing
technique earlier mentioned, FFD is the sink
where the PAN heads reside ,which is the final
destination of all the nodes in the particular PAN
network.

Figure 7 in an additional interface built to local
nodes that are faulty with the aid of their
respective addresses.

Simulation results in figure 7 show the system
can clearly identify the sensors with high
accuracy with the aid of the node address. A
fault was introduced and the faulty node was
identified the aid of the same addressing scheme
as practically demonstrated in figure 7.

Plate I and II are pictures of demonstration in the
testbed as shown in Figures 9 and 10,

Figure 9: PLATE I WSN address test conducted

17

Figure 10: PLATE IlInter-sensor WSN address
test conducted

5.0 Conclusion

This work establishes the fact that an 8 bit
processor can manage a maximum of 65,0253
addressable sensor nodes. The method also
proffer solution to localising faulty node in a
wireless sensor Network , as the artificial neural
network method will help detect faulty node
using node address as shown in  Proteus
software interface figure 4.1 and 4.2 The paper
cvolved a method of  routing using artificial
neural  network and Personal Area Network
(PAN) , by coming up with a sink node head
called Full Functional device (FFD) and source
node call Reduce Functional device (RFD), it
manages its own network within a PAN |, which
ts an array of node arranged in an ordered form
to transmit data from one node t

. i 0 another within
a particular  PAN, , it was able to arrange and
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organise scattered node in matrix form to
transmit data between various PAN within the
entire network, this work employs a transmit and
receive technique by acknowledging the source
and sink  addresses  respectively,  this
communication system simply send data when
it has data ready to be sent and also receive
acknowledgement.
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