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Interference is one of the fundamental challenges in the wireless communication.
Reducing the network interference leads to fewer collisions of communication signals
and thus packet retransmission will be decreased. Reducing the interference decreases
the delays and the power consumption indirectly, thus it makes an increase in the
network lifetime. Therefore, How to choose the sensor nodes and the amount of energy
consumption are very important in routing methods. In this paper, the idea of using
gravitational search algorithm has been proposed in order to reduce the interference and
increase the lifetime of the wireless sensor networks. The proposed algorithm selects a
link based on GSA among from the nodes that are candidates in energy efficient space
with the minimum interference. The simulation results indicate that the proposed
algorithm shows better performance compared to EIGR algorithm in terms of signal to

noise ratio —plus- Interference and lifetime.

Key words: wireless sensor network, Gravitional Search Algorithm,
Geographical routing algorithm, Interference, Energy, Lifetime.

A sensor nodeisasmall electronic device,
which has low power and limited computing and
communicating capabilities. A wireless sensor
network is a set of sensor nodes, which are
networked aiming acertain objective. Each sensor
can measure certain physical phenomena such as
temperature, pressure, light intensity or vibrations
around it™.

The wireless sensor networks have so
many of applications such as supervision on the
environment, biological detection and so on. Fire
detection isan example of supervision application.
Thetask of sensor israpid and certain detection of
fire using noisy data of sensors. Robust

* To whom all correspondence should be addressed.

communications with very low delay have the
highest priority for such applicationswithin alarm
status®.

One of the main challenges of wireless
network is interference. Data transmitting nodes
are effective on the amount of data receiving
capacity of nodes except target ones. Asanodein
receiving mode receives a signal from another
transmitter but main transmitter, then thisnodeis
not ableto receive information from its neighbors
desirably; thismutual jamming in communications
called interference. Reducing of interference in
network leads to less collision as well less
retransmitting of packets, which reduces power
consumption and delay indirectly and increases
network lifetime®.

Interference modelsare divided into two
major groups: (1) models that describe the
properties of the interference signal (statistical
interference models) and (2) modelsthat describe
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the interference effects. In the first group, the
emphasis is on the nature and the statistical
properties of interference that could be expressed
in probability density function. The statistical
properties of interference need to analyzetheissues
related to physical layer, as well as evaluate the
performance of Receive and diagnosistechniques.
The second group states the interference models
that focus on Network performance functions or
some aspects of network behavior aslong asthey
are affected by interference. Physical interference
and protocol interference models are two general
models that fall in this category. The Models in
thiscategory are appropriatefor analysisof higher
layer protocols and for techniquesrelated to them
such asrouting, Scheduling and topology control®.

In wireless networks, there are two
general modelsfor interference defined asfollows’:

Protocol interferencemodel: inthismode,
Each node has a transmission range in Protocol
Interference Model, whichisnormalizeto value 1
and fixed interference range is p. Each node vV
with asignal of another node u<V if |luv|| < pleads
tointerference, while node v is not target receiver
to transmit from node u.

Physical interferencemode : inthismodel,
There is a threshold value of § >0 in Physica
Interference Model in such way that a node v’V
can receive information from transmitter u
accurately. If signal-to-interference-plusnoiseratio

Py Jluv | =%

iSNR=%. .7, twoi* = P, mean while Euclide and
istance between node u and v is called ||uv||. €0
and Gaussian noise are background, while | isa
set of active transmitting nodes as node uisbeing
transmitted. k>2 is path loss power and P =p, “u*
V isuniform transmitting power of each node u.
Geographic routing is an interesting
approach that usesthe position information of each
node to send data packets rather than overall
topol ogy information. These methods create more
efficiency and simplicity based on position and
they are scalable routing protocolsin the wireless
sensor networks®. In this paper, the Interference
Energy- Gravitational SearchAlgorithm IE-GSAis
proposed In linewith both interference and energy
reduction. Thealgorithmisfirst expressedin energy
efficient space and then it selects a node with the
least amount of interference among from the points
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that are candidates in the space according to
Gravitational Search Algorithm.

The rest of this paper is organised as
follows. Section 2 providesan overview of Routing
algorithms to reduce interference and energy in
WSN. Section 3 describesthe network modelsand
the energy models. The Proposed method based
on the gravity of search optimization algorithmsis
given in Section 4. Section 5,6 describes the
simulations resultsand conclusion, respectively.
Related work

EBGR’ propose the energy efficient
beaconless geographic routing algorithm for
wireless sensor networks. In this algorithm, the
geographic information and properties of
transceiver Power areinvolved in decision-making
process. If the destination node is in
communication radius of the source node, the data
packet will be sent directly. Otherwise, the source
node will select the neighborswho are closeto the
optimal position in order to send the data packet.
The simulation results show the reduction of
energy consumption.

A study was conducted on topology
meaning all target possible links are not needed,
since they cause to higher power consumption
and increase interference®®. Regarding to what
above mentioned, some user excluded links can be
disconnected and a spread structure can be
created. One of the main objective of control is
topology. Some of the classic topology control
algorithms, such as the Relative Neighbourhood
Graph, Gabriel Graph, Yao Graph and the Minimal
Spanning Tree.

Chiwewe and Hancke', proposed a
distributed topology control technique called Yao
Gabriel Graph with smart boundaries, SBYaoGG.
This technique is inefficient in terms of energy
and interference. In order to construct above graph,
firstly Gabriel graph is built on unit disk graph.
Then, single directed vectors are calculated for
neighboring nodes and the average of directed
vector is obtained. Mean vector is the axis of the
first cone areawhich resulted in Yao graph. Thus,
the corresponding graph is constructed and then
used as an input to a routing algorithm for the
intended goals.

Two interference models based on the
edge called Receiver Based and SINR Modelsare
expressed int. A method for creating a connected
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graphissuggested with theleast edgeinterference.
Thebasicideaistofind aM ST with the criteria of
the edge weights based on interference load. By
assigning three different levels of power to the
graph, the results are examined and it is shown
that as long as high levels of power are used, the
interference is increased due to high network
congestion.

Cheng et al*?, proposed minimization of
overal delay jointly using routing optimization and
link schedule by cross-layer designs. Cross-layer
design is expressed to model interference in
multihop wireless networks. If delay isrelated to
the number of hops, interference model is used as
the delay index along path which is a better
measurement of hops number. If apath hasvarious
density levels, different values of delay will be
experienced. The problem is modeled to include
adequate conditions for collision free
communications as linear programming with the
aim of minimizing overall routing interferencein
the network. And, above algorithm guaranteesthe
collision free transmissions.

The problem of minimizing the
interferenceissuggested by alinear problem with
two different interference models!. Two
interference model s called main and combination
are expressed. In combination model, each node
has a circle of communication to each neighbor
instead of having a single connection. The main
interferencefor anodeisthe number of circlesthat
cover the node except itself. The purpose of this
problemisto find agraph with the least amount of
interference. In The results of simulation
conducted on the same structures, natural, mesh
and Exponential structuresthe proposed algorithm
result in lessinterference.

Fereydooni and Sabaei'4, encountered
optimization problemsviewpoint with minimization
of power consumption intopology control context.
Traffic- and interference-aware topology control
problemisformulated asanon-linear programming
algorithm aiming at power consumption reduction
in nodes. In the proposed method, sending to the
farther node with lower traffic and interferenceis
performed instead of sending to the nearest node
among neighbors with higher traffic. Thus,
collision and retransmission requirements are
reduced, storing more energy.

In® interference aware Muultipath Routing
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Protocol isdiscussed for wirel ess sensor networks.
Routing occurs considering interference model and
assuming theinterference radiustwicethe sending
radius for each node. First, the shortest path
between the source and the destination should be
found then two paths are made for each pair of
transceiver with minimal interference. The
simulation results show the improvement of data
delivery, throughput, Energy consumption balance
and delay.

Lee et al.,', are proposed Multi-path
pipeline method of reasoning that implements a
geographical multipath protocol free of interference
by separating the paths of each other. Each pipeline
isplaced at acertain distance from each other and
between the source and destination nodes. And
the specified area is divided into three sections:
the source node-side area, between the source,
and pipeline entry position. The pipeline areathat
isfreeof collisionsisbetween the entry and exit of
each pipeline. Destination node-side area is
between the pipeline exit position and the
destination node. The obtained results manifest
that the proposed protocol hasagood performance
over the other protocols reported in literature in
terms of datadelivery ratio and overall delay.

EIGR® is presented with the aim to
minimize the interference on the way of data
sending. If the destination node is in the
communication distance of the source nodes The
Algorithm -in the decision making processto send-
will send thelink directly. Otherwise assuming the
expressed interference model in energy efficient
area, alink with minimum interferenceis selected
to send the information. The Results include an
improvement in energy consumption, datadelivery
and overall network delay ratio.

Preliminaries
Networ k model

Consider awireless sensor network such
asagraph G=(V, E) comprising of n nodes placed
inatwo-dimensionregion; where{V,,V,, ..V } isa
set of n nodes (modeling a set of communication
nodes) and for nodes of u and v

E = {(u! VAW, v) <dpex, wVE V} presents

edge set of graph G (modeling a set of
communication links). Each sensor node
determinesitsposition anditsneighbors' positions
via an internal GPS system and beacon message
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exchange, respectively. The source node have data
to be sent to the destination node using the routing
algorithm. All nodes operatein the same frequency
level Based on PrIM model, it is assumed that all
sensor nodes have maximum transmission distance
(d..,) and interference distance (d ), where d = a
d.. (@>1.5)". Thecovering range of directed edge
e(u,v) isaset of al nodes placed in sending circle
of nodeu. D(u,d(u,v)) isacirclewith center uand
radius of Euclidean distance between nodesu and
V6—18.
COVTu, e, w)) = |[wE ¥ |wis covered by D [u, 2 () w = u.v}|
(1)
and interference |V atwo-way edge e“Visaset
of nodes covered by circle D(u,d(u,v)) and
D(v,d(u,v)) 8.
Iw, v) = || COV (u e (u,1)) UCOV(v.e(w 1)) (2

Thus, theinterference of agraph G=(V, E)
isdefined as[6]:
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I(G) = MaXewy,; v)eE I(ug, vy) (3

Energy mode

Various energy models have been
proposed for energy descriptions in sensor
networks. The energy modes in LEACH is also
considered in this paper. It is assumed that is
Eucliden distance between nodes u and v, is path
loss constant depends on sending enviroment.
equals 2 for the free space distribution model and
relatively short distances, Whileit isconsidered 4
for the two-way earth distribution model and for
farther distances. Thus, to send a message with L
bytes within , the energy model can be written as

[19].
L + Lo E T

EL R k] AT
- | B+ Ef g 5"

o E G

(4
where required energy to activate electric circuit
(E,.) and activation energy for power amplifiers

Table 1. Stimulation parameters

Size of each data packet 4000 bit
Maximum transmission range (d, ) 90 meter
d, and dom andd, . . 65,79 and 25,56 and 82 meter
Activation energy of electronic circuit (E_ ) 50 nj/bit

Activation energy of power amplifiersin outdoor

space (Smmnp ) and multi-path (e, , ray_amp)
Initial energy of each sensor node

The amount of transmission power of transmitter

power spectral density of the noise

10 Pj/bit/m2 and 0.0013
05J

p,= 0.01053

N, = 10°® watt/Mhz

considering open and multi-path space are ¢
and ¢, , - respectively.

Proposed method

Gravitional search algorithm

Gravitational Search Algorithm is an
Optimization algorithm which isbased on Newton's
Law of Gravity. It statesthat: “Every particleinthe
universe attracts every other particle with aforce
that isdirectly proportional to the product of their
masses and inversely proportional to the square
of distance between them”#-22,

Consider that, there are two masses and
separated by the distance RwhichisshowninFig.
1. By the definition of Newton’'sLaw of Gravity,
the Gravitational force can be given by the Eq. 5.

F=G{M_, M JR?} .(5)

friss-amp

where is the Magnitude of the
Gravitational Force, M, and M, are masses of
particle 1 and particle 2 respectively, G is the
Gravitational constant G=6.8x10"*m3kg's? and
is the distance between the two particles.
Now, consider a system with N agents (masses).
We define the position of the ith agent by:

X = (X XF W XT) fori=12..N (g)
where X¢ presents the position of ith agent in the
dth dimension.

At aspecifictime‘t’, wedefinetheforce
actingonmass'‘i’ frommass'j’ asfollowing:

M mi=M_ 1 7. .
e ] (%7 (£)—X70N (7)

e -
Fie) =6(t) Ty (T

where Md(t) is the active gravitational
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mass related to agent j, Mpi(t) is the passive
gravitational mass related to agent i, G(t)is
gravitational constant at timet, € isasmall constant,
and Rij(t)is the Euclidian distance between two
agentsi and j:

R:_i' [f:l = |X' [f:l_. -X_, [rjl

2 (8
Theproposed routing algorithm
In the process of selecting interface node

M, M,

Q &

-« —»

Fig. 1. Newton's Law of Gravity [20]

Fig. 2. Search areabased on condition ii

Fig. 3. Search area based on conditioniii
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in Routing, theinterference parameter and Energy
levels of sensor nodes should be involved Inline
with both interference and energy reduction. The
remaining energy of sensors must be calculated to
consider and involve energy. The main challenge
of reducing interferenceistheminimumoverlapin
radio area of those sensors, which transmit data
simultaneoudly. If we want to maximize network
lifetime, the state of energy consumption must be
regarded too. A tradeoff isrequired to consider all

these two parameters simultaneously. First, a
certain area for candidate sensor range for
transmission is determined to set a tradeoff over
proposed method. Then thethree following stages
are evaluated to find search area based on the
number of hops between source and destination:

First, acovering areaand an interference area are
illustrated for source and destination nodes, which
areequal toacirclewith center of target node, and
aradiuswith the maximum amount of transmission
range(d ), acirclewiththe center of target node
and aradiuswith theamount of interferencesrange
(d)respectively*. The search area is formed
regarding the three following status. Then the cost
function are evaluated for the available nodes.

i) If d(u,v)>d_, , The source nodeto the destination
node sends a data packet directly.

If d(uv)<d_,, acircle centering of that
point which is placed at forwarding line between
source and destination nodes and in the middle of
subscription area induced of two nodes covering
areas, with adiagonal equal to thedistance between
two points of occurred intersection are circled by
the covering areas of source and destination based
on fig.la. A space with wider range than
subscription area as a specific area for selecting
candidate sensor range isformed. If two covering
areas of source and destination nodes are crossed
only in one point in line to source and destination
mid line, then an area will be formed to select
forwarding node in a circle space centering cross
point and the radios showing in fig.1b.

If d(u,v)>2d__,thenanareaisformedto
find the forwarding node for both source and
destination nodes, of course after illustrating
covering and interference areas in a semicircular
space facing to each other for two nodes and
regarding the areas of points’ interferences. The
occurred area in square form with side length,
whichisequal to radiusof interferenceareaaround
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subscription areaobtaining intersection of thetwo
areas of interference areas between source and
destination nods. Regarding fig.2, two opposite
anglesin the occurred square are the

intersection of interference areas related
to source and destination nodes, while two other
angels are accorded to source and destination
nodes.

After the formation of energy efficient
area and selection of several nodes that are
candidates in the search space, a node with
minimum interferenceis selected by gravitational
search algorithm. TheInterference criteriafor nodes
availablein the search spaceis examined by GSA

Based on the following equation:
T . (9)

Where n is the number of sensor nodes
in energy efficient search space and d ;. is the

Euclidean distance between the source node and

thei-th nodeinthisarea. The coefficient ¢ isbased

on the sending areas, overlapping each node and
average of network density (p). The value of o
has been considered 87.3.

Each node obtain the maximum
transmission range to efficiently utilize energy of
those sensor nodes, which are on border of dying,
as well preventing early omission of these nodes
(sensors) from transmission process if they have
data to be transmitted. While ach sensor follows
transmission conditions, but the target sensor node
supposed as died one if it is not able to transmit
data up to no distance or no node exists in
transmission radios.

Simulation

Inthis part, the performance of expressed
algorithms is evaluated using conducted
stimulation of MATLAB. The appropriate
stimulation environment is considered asasgquare
space of wireless sensor. The stimulation
parametersare mentioned intable 1.

Evaluation function
Thesignal-to-interference-plus-noiseratio

SINR isevaluated based on thefollowing

formula[23]:

P[.d.;_:
Ny + Tjewi e diy = (10

SINR; =
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pt is transmission power of transmitter,
N, is power spectra density of the noise, d. is
Euclidean distance between transmitter and
receiver nodes, dkjis Euclidean distance between
simultaneoustransmission nodes, main transmitter
(i) and receiver.

Delay: Delay ismeasured by the number

L ]

=
!

Fig. 4. The proposed a gorithm based on GSA flowchart

g e b s s e e
]

Fig. 5. Signal-to-interference-plus-noise
ratio versus the number of nodes

el v e e il
1

Fig. 6. Signal-to-interference-plus-noise
ratio versus versus transmission range



SHAHRAKI et al., Biosci., Biotech. Res. Asia, Vol. 12(Spl. Edn. 2), 419-427 (2015)

[—™
E OE. BB

Tha Masher of ssden

Fig. 9. Network lifetime versus the number of nodes

of hopsto transmit a data packet from a source to
a destination.

Lifetime: Thelifetime of asensor node
is considered as its establishment time until
considering the node of remain energy to transmit
based on conducted discussion in part. The node
iscalled alive during this period but dead after that
time. Thelifetime of network isatime between start
of network to atimewhile 10 percent of nodesare
alive?®. Thelifetimeisevaluated by the number of
active sensor setsin aspecified timeinterval called
round.

Ener gy Consumption

This is defined as the total energy
consumption by all sensor nodes which have
participated in dataforwarding.

The result of simulation

To examine how to function the proposed
algorithm, the network was simulated in various
situations then it was compared and examined.
Change in the number of network nodes,
increasing sending range of the sensor nodes and
changein network density, are the casesthat were
evaluated. As results shown on the diagrams, the
average output of 30 times simulationsis affected
by changes in sensor order, which is supposed to
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Fig. 10. Energy consumption versus network density

be arandom parameter.

InFig. 5, increasing the number of nodes
makes a better choice in terms of interference
criteria, thus makes an increase in signal to noise
ratio—plus- interference. Increased sensing range
or sending radiusleadsto increasein interference
areas and overlap created by the sensor nodes
and also there have been increases in amount of
occurred interference, that result in SINR
reduction. ThisprocessisshowninFig. 6. IE-GSA
shows interference reduction more than EIGR
algorithm dueto optimal selection of interface node
in routing by gravitational search algorithm.

As can be seen in Fig. 7, increasing
network density makes more sensor nodes to be
used in the routing and therefore the sending time
of the entire network will be decreased. Reducing
interference, leads to Decreases in packets
retransmission and consegquently the overall delay
of the network. Thus, both geographic routing
algorithms EIGR and |E-GSA show reduction in
delays.

Fig. 8 shows the changes in the lifetime
for changes in sending radius of sensors. The
larger the sending radius of the transmitter node,
because of the increased sensing range of the
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source node; the less interface node will be
involved in each stage. Besides, based on the
definition of the search area which has a direct
relationship with coverage areas of each node and
somehow the same sending range, alarger areais
created to explore and search. For the stated
reasons, increasing the network lifetimeis obtained
by increasing the sending range of the sensor node.
Based on GSA the proposed routing algorithm
makes the network to survive longer and network
lifetime to increase due to optimal selection of
interface node.

From the perspective of two criteria of
power and interference An Increase in network
density, leads to an increase in optimal sensor
nodes. As a result, the geographic routing
algorithm EIGR and | E-GSA consumeless energy
than EBGR due to considering interference and
energy parameters in process of interface node
selection,. Thiscan be seenin Fig. 10.

According to the simulation results, the
proposed geographic routing algorithm IE-GSA
enjoys energy consumption and delay reduction
similar to EIGR agorithm, whilefrom the perspective
of interference criteria, an acceptableimprovement
is seen compared to EIGR algorithm Due to
applying optimization algorithmin routing process.
Inaddition, using GSA in The process of interface
node selection, results in optimal decisions of
objective function therefore makes an increasein
the network lifetime.

CONCLUSON

Interference imposes potential negative
impact on the performance of wireless networks.
Interference causes collisions in communication
signalsof thereceiver and also packetsloss, which
subsequently makes packet retransmission and
delay in data delivery. In addition, it will lead to
increase in energy consumption and decrease in
the lifetime. This article, examines two goals:
reducing theinterference and increasing thelifetime
inawireless sensor network. In order to fulfill the
desired goals, first, the energy efficient area is
formed then the interface node is selected in the
routing process in the created search space based
on gravitational search algorithm. Geographic
routing Algorithms EIGR and IE-GSA make
reductionin delay and energy consumption closer
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to each other. IE-GSA Algorithm shows an
acceptable increase in signal to noise ratio -plus-
interference compared To EIGR dgorithm whilethe
proposed algorithm has higher lifetime because of
using optimization gravitational.
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