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Abstract: - In this dynamic scenario the communication no longer happens in predetermined manner. The
network as a platform for communication comes with high infrastructure may likely to waste the resources.
Thus, the ad hoc scenario network came into existence. This network functionality has been enhanced througt
clustering mechanism. These clusters need to be perfect to sustain the efficient functionality of the network.
Thus, this paper proposes F-PAC as a fuzzy logic based cluster validation technique to authenticate the cluste
head identified by the existing cluster formation mechanisms. This procedure also helps to elect the gateway
node for each cluster. This study has been shown using OMNET++ as simulator.
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1 Introduction F-PAC procedure. Section.6 shows experimental

It is well known that the ad hoc network stands results and analysis. Section.7 specifies the future
uniquely as a tentative network in the dlrectlor) of this work. Section.8 ends up with the
communication process. The network functionality concluding remarks.
never remains constant since the number of nodes is
not constant always. There is an expectation upon 2 Literature study
the network functionality to be stable irrespective of The power level of nodes decided the sustainability
the change happens in network size. Unfortunately of the cluster head role. The transmission power
this couldn’'t happen due to the inadequate alone is not sufficient to calculate the weight of the
maintenance of the network. If this setback on the node. The power reward[3] based weight calculation
network hasn’t been set right then this may cause ensures the uniform power distribution.
colossal damage on the performance of the network.  The clustering can also be formed based on the
This issue can be addressed and solution can besignal strength[4] between the cluster head and
attained with the help of some unique mechanism on nodes belong to cluster. The cluster head has been
the ad hoc network. The clustering has been realized computed using the signal strength expression. The
as one such mechanism which can provide the cluster head will select the nodes for the cluster on
expected resultsThe cluster formation algorithms the basis of signal strength.
are used in hard way of forming clusters. There The dominating sets are identified in the
should be some soft approach which would be clustered network. In which the minimum
helpful to decide the degree of closeness of nodes inindependent set[5] can be constructed and the tree
a cluster. The F-PAC(Fuzzy based Partitioning structure of the same can be formed later. The
Around Cluster head) will apply soft method to connected dominating set algorithm has been a
ascertain the cluster head identified by WCA[1] and backbone to form the clusters.
W-PAC]2] procedure. The cluster head functionality can be tampered
This paper has been organized as follows. by the malicious node which behaves like cluster
Section.1 deals with the introduction. Section.2 head. The SWCA[6] proposed a secured weighted
gives out the literature study. Section.3 tells about clustering algorithm to keep the network away from
existing approaches. Section.4 speaks about W-such malicious nodes.
PAC procedure. Section.5 puts down the proposed
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The NWCA|[7] has been proposed to improve the finds out the preferred clustering method for a given
weight based algorithms through changing sample set of nodes.
methodology of parameter calculation for weight. The cluster formation procedure will not confirm
The degree computation has been changed to mearthe perfectness of the clusters. The validation[17]
connectivity degree. This novel method also process confirms the perfectness of the cluster to
considers the energy level of the nodes to play the determine the stability factor of the cluster. This
role of cluster head. factor helps in finding out the re-clustering time
The DWCA[8] considers the cluster formation based on the measured value.
based on weight, mobility factor and cluster
maintenance. The new node addition to cluster has 3 Existing Approaches

been handled through distinct approach by this Tphe highest degree algorithm[18] considers only
protocol. _ degree of the node to form the clusters. This doesn’t
~ The weight based clustering has been ake other parameters into account to decide the
improved[9] on the basis of reducing the load of the ,embers of the particular cluster. Thésdegree
cluster head with the help of threshold value. This clustering algorithm[19] has improved highest
limits the cluster size to ensure the cluster head to degree algorithm by considering speed and link
last longer. o factor into account. The stability of the link has been
The role of clustering in ad hoc networks has gecided based on fuzzy membership degree. The
been realized when AODV[10] incorporates the f,7zy set has been considered with near, far and
clustering mechanism. This added mechanism medium as fuzzy names to decide the membership
enhances the functionality of the network. of the nodes. The fuzzy logic based clusterhead
_ The application of the clustering mechanism[11] gjection algorithm proposed[20] lacks in obtaining
with AODV as a routing protocol in the real world  the experimental results instead specifies the fuzzy
scenario has been indispensible. This shows thatyjes to elect the clusterhead. The multi-parametric
clustering technique makes the network to be algorithm WCA takes more time to form the
suitable for various applications. The clustering | sters. Thus, W-PAC mechanism has been
mechanism PAC[12] over the k-means approach cgnsidered to form the clusters since this elects the

tells the purpose of parameters in cluster formation. cjysterhead by considering multiple parameters.
These parameters decide the efficiency level of

clusters. This study also confirmed that k-means

takes more time when the number of nodes are high 4 W-PAC
in count. This work lacks in implementation and
also the sample set of nodes are small in size.

The PAC has shown good results when th
number of nodes are less. It leaves many nodes
non clustered nodes. The Ex-PAC [13] came out ¢
an extension to PAC which takes entire nodes ar
produces the maximum clusters. The cluste
formation process ultimately improved in Ex-PAC
procedure. This approach concludes that Ex-PA
has outperformed k-means in terms o
computational speed.

The multi-parametric swarm intelligence base:
clustering mechanism PSO-PAC[14] takes th
necessary parameters to identify the cluster head
the cluster. This parameter optimization will suit

SpeCiﬁC application- Fig.1 Clustered Network
The re-clustering should be based on identifying

the strength of the existing clusters. The role of The Fig 1 shows the clustered network structure of
various indices[15] on evaluating the cluster should \y,_pac procedure. The W-PAC algorithm takes

be understood very well. The cluster  iple parameters together in the name of weight
classification[16] also plays key role in determining ;4 identify the cluster head.

the perfectness of the clusters. Those classifications
are of numeric, discrete and partitioned types. It also

¢ % Gatewav

O Node
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W-PAC Cluster Creation Procedure (8) Repeat the step 7 for all nodes belong to Ci.

(1) Initialize set of nodes as M. (9) CHk = Max { W(N),W(N,),W(N3)...W(Ny) }.

(2) Compute the degree of node Ni. (10) Repeat the step 2 through 9 for i = 1.....no of
(3) Deg (Ni) =0. clusters.

4) j=1. W-PAC algorithm certainly improves WCA and
(5) If (inotequaltoj) shows performance improvement in obtaining

effective results while the number of nodes and their

mobility level is high. The nodes which are
Xz —X4) } identified as part of clusters have to confirm their
+(Y2 — Y1) identity within the specific clusters and their

communication with the cluster head.

begin

Manhattan Dist (Ni, Nj) = MOD{

If ( Manhattan Dist( Ni, Nj) < Radious )

begin 5 F-PAC

Add ( Ni, Cm) /l add to cluster This procedure is based on fuzzy logic and fuzzy
Deg(Ni) = Deg(Ni) + 1 set. The Fuzzy logic deals with the possible value or
j=j+1 truth value or approximate value rather than

end identifying the fixed hard values. The values are

else neither 1 and nor O which lies between 0 and 1.This
Add (Ni, NCn) //add to Non cluster approach is so called as soft approach on cluster

end formation. It is against the binary logic which says

the value could be either 0 or 1. This fuzzy logic has
been expressed in terms of fuzzy set construction
comprise of nodes as set members.

(6) Repeat the step 5 untilj=M

W-PAC Cluster Head Election Procedure
(1) Create Clusters using W-PAC cluster creation.

A fuzzy set is a pair (M,K) where M is set of nodes
(2) Cluster = Ci, P = Number of nodes in Ci. 4 pair (MK)

and K is called the degree of membership of the

(3) j=1;Ni=UgVe); Nj=(Ue—1, Ve-1); nodes denote as
(4) If (inotequal to)) M : K — [0,1]. For a finite set contains the
begin o _ elements as shown(1).
If ( Manhattan Dist(Ni,Nj) < Radious )
begin (
Compute the Mobility speed of Node Ni of Ci. | M= {N1,N2...Nn}
1 Dij = {Di1, Di2 ... Din} (1)
M(Ni) =5 Z MOD{(Ut = Ur-) i=12..Ci
+ (Ve = Vig)}

, , ) The degree of the nodes Dij can have the following
Compute the Distance between Niand Nj.  yalues as shown (2). When Dij value is either 0 or 1
then the node will not belong to the set or definitely

, contained in the set. But the value when lies
D(Ni) :Z MOD{(U; — U¢—4) between 0 and 1 then the node will become fuzzy
member and value determines how far the node is
+ (Vi = Viy)} truthful in its property.
j=j+1
(
end | biico ) (2)
end 4 ij = Dij € Fuzzy setK
(5) Repeat the step 4 until j=P Dij=1 Dij € FuzzysetK
(6) Assume the Energy of nodes E(Ni) for all the Ik 0<Dij<1 Fuzzy member
nodes.
(7) The weight of node Ni computed as follows, The set { Nie M | Dij >0 } is called the support of

) , ) (M,K) and the set {NieM | Dij =1 } is called its
W(Ni) = q1*Deg(Ni) + g2*M(Ni) +
g3*D(Ni) + q4*E(Ni)
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kernel. The degree of node can take values betweeneach node and then Center for each cluster. The
0 and1l has been realized (3). These nodes are part ofCenter will be taken as a reference to find the

p

Dij €[0— 1], i=12..C,
j=12..n
C
4 ZDijzl, i=12.n G
i=1
n
0<ZDij< n, i=12..C
\ ]:1

cluster, will have the membership degree. The sum
of those membership degrees of all nodes within the
cluster will not exceed the maximum value 1. This
is not only true for intra cluster but also for inter

cluster.

F-PAC algorithm: Cluster Head I dentification

1. Input the clusters formed using WCA or W-PAC
algorithm.

2. Input the Cluster Ci

3. Compute the degreg, Df the node N

Dij = 1/dist(CH,Ni)

4. Compute the cluster Center based on

membership degree Dij.
YN Dij * dist(CH, Ni)

Center=
>N dist(CH, Ni)

number of nodes within the cluster. This Center
signifies the maximum distance the cluster head and
nodes can have while their existence in the same
cluster. The Count][i] finds the maximum number of
nodes in a cluster based on Center value. The cluster
head of the cluster which has max Count[i] will be
chosen. If the cluster head identified by this fuzzy
procedure is same as cluster head identified by the
WCA or W-PAC procedure then say cluster head
validation has reached success.

F-PAC algorithm: Gateway Election

1. Input the clusters formed using WCA or W-PAC
algorithm.

2. Find the distance between node N and cluster
head CH

n
Dist(CH,Ni) =Z |xi — yi]
i=1

3. Compute the degree Dij of the node N
Dijj 1/dist(CH, Ni)

4. Repeat the steps 2 & 3 for all nodes in cluster.
5. Gateway = least (Degree of node Dij).
6. Repeat the steps 2 through 5 for each cluster.

This Procedure considers the non overlapping
clusters to construct distributed gateways. These
gateways will be identified based on their degree
values. Higher the degree values indicate the
closeness of the node towards the cluster head.

5. Repeat the steps 2 and 3 for all the nodes in the g the lower value nodes will be near to the edge

cluster.

6. { To Find the number of nodes from cluster head
less than or equal to Computed Center }
Fori=1..n {n-number of nodes in Cluster Ci}

If ( dist (CH,Ni) < Center)
Count[i] = Count][i] +1
7. {To find the Max count in a cluster }
Fori=2..n

Max=Count[1]; {tentative maximum }

If ( Count[i] > Max) Max = Count[i];
8. Repeat the steps 2 through 6 for i =1
clusters.
9. ldentify the cluster head for maximum count.
10. If the cluster head = cluster head identified in
the case of WCA or W-PAC then cluster head is
valid.

This algorithm takes output from WCA or W-PAC
as input for further processing. It finds the degree of
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of the cluster boundaries to act as gateway nodes.
The maximum membership value lies between 0O
and 1.

6 Experimental Results

The F-PAC algorithm has been implemented using
OMNET++ Tool and the results are tabulated. This
work has been carried out with the system
configuration of 64bit AMD processor, 2GB RAM
and windows XP as an operation system. This
simulation has been done for 10 nodes and 25
nodes.

Table.I shows the simulation parameters. The
cluster heads identified using WCA and W-PAC
have been mentioned. These clusterheads need to be
validated using F-PAC to confirm their place within
each cluster. If F-PAC results are showing different
clusterheads then the clusters are imperfect in their
existence.
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Table.l Smulation Parameters

Parameter Values
N (Number of Nodes) 10, 25
Space (area) 100 x100
Tr (Transmission range) 20m
WCA ,W-PAC Cluster heads
(10 nodes) N2, N7
WCA, W-PAC Cluster heads
(25 nodes) N3,N19

Tablell Cluster headsof F-PAC , WCA and W-PAC

Existing M ethods Proposed
Nodes | Cluster
WCA W-PAC F-PAC
C1l N2 N2 N2
10
C2 N7 N7 N7
C1 N3 N3 N3
25
C2 N19 N19 N19
20 1 mWCA
W-PAC
2 154
S mF-PAC
3§ 10 -
ey
o}
257
O
0
C1 Cc2 C1 Cc2
10 25

Number of nodes and Clusters

Fig.2 F-PAC Vs WCA and W-PAC results

Table.ll shows that the cluster head elected
WCA and WPAC procedure and validated usir-
PAC procedure at time TThis validation proces
confirms that the cluster heads are prop
identified by WCA and WRAC procedure.But
WCA takes more time to form clusters than-
PAC.

Fig.2 shows the clusterheads elected for the exi
methods and proposed methowéCA and W-PAC
give the same results as for as the clusterhead
concerned. These two algorithms differ on ti
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what it takes to identify the clusterheads . This s
has considered two sets of sample for the re:
The first sample of 10 nodes fcs two clusters C1
and C2 with the clusterhead nodes N2 and
respectively. The sample of size 25 nodes con
two clusters with the clusterhead nodes N3 al19
respectively. These clusterheads are elected b
WCA and WPAC algorithms. The resultse same
since the two algorithms are applying se
methodology in identifying clusterheads but tl
differ in cluster formation time These clusterheads
need to be validated to confirm the proper selec
of clusterhead at time IT The proposed F-PAC
procedure has identified the clusterhead of ¢
cluster. These clusterheads are same as WC/
W-PAC clusterheads. Thus, the clusters formed
sustain without any changes. The change
clusterhead is needed while thesterhead makes a
move. This may endup with the r-election of
clusterhead.

Fuzzy logic based Clusterhead Re-election:
Fuzzy logic based Validation decides
perfectness of the clusterhead selected by -
parametric clustering algorithms. The forthcom
analysis describes the validation results at
periods T1 and T2. Time T1 has been in
validation of the clugrhead selected by the clus
formation procedures. Time T2 has been valide
after the mobility of the clusterhead elect
TimeT1:
80 -
70 -
60 c2
50 -
> 40 - Cl
30 -
20 -

10 A

0
20

X
Fig.3 ClustersCl and C2 at time T1: 25

Fig.3shows the initial level of clusters formed us
W-PAC algorithm excluding outliers at time .

The clusterhead elected using-PAC procedure
has been validated usinc-PAC procedure. This
validation process confirms that the cluster he

are properly identifiedoy W-PAC procedure The
cluster heads of clusters C1 and C2 have mai
with the cluster heads of same clusters identifie
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the F-PAC procedure at the time T1. The WCA C2. This node has lost its membership status of C2.
results are same as W-PAC. This situation may It will be considered as outlier.

I till the clusterhead tati . .
prolong till the clusterheads are stationary 5.1 Gateway Election

TimeT2: Fuzzy logic based procedure not only finds the valid
clusterhead and re-elect the clusterhead but also
identifies the gateway node for each cluster of the
ad hoc network. The gateway nodes are identified
70 1 for each cluster to have inter-cluster communication
between the clusters. To identify this gateway the

80 -

60 - :
fuzzy membership degree values have to be
50 - . observed. The node which is far away from cluster
o 40 CH and lies at the edges of the cluster boundary will
have least degree. The node which is closer to
30 - clusterhead will have high degree while it is
00 | compared with other nodes degree. This gateway is

known as distributed gateway. Since each cluster

10 - will fix its own gateway node. F-PAC produce

places a key role in determining the gateway node.
Table. I11 Elected Gateways

X
Gateway Gateway Degree
Fig.4 Mobilty of Node N2 from C2 at time T2: 25 nodes Nodes | Cluster Node Node of Node
(WCA) (W-PAC)
The clusterhead N19 of cluster C2 has moved.
Under this assumption the fuzzy logic based = N4 N4 0.07
lidation happens at time T2. Now, the position 10
va pp : , p c2 N8 N8 0.06

of clusterhead N19 has moved fromm (34,56) to
Eeel\rl)vpepr? Svl\;[iltc;]?n (3]%4(:7'&.3{;:“22&2\/'[6 fhi'tsh(;mcehe}l_rlzge Fto Table. 1l shows the elected gateways of cluster C1
PAC has been applied and new results are obtained.an(éJ Cluster dCZ f]?rtrfhevsaprg%e hOf 18 nodes. This
The node N20 has been considered as new centefd2€Way node ot the V- nas been same as
point(Clusterhead) of the cluster C2. This re- WCA. It differs in gateway node identification time.

election has been achieved using F-PAC procedure. In cluster (.:1’ the node N4 has the least degree value
to be considered as gateway whereas for the cluster

80 1 C2 node N8 holds the minimum membership degree
70 - value to be elected as gateway.
60 -
50 - dw CH S 0.12 4
> 0 | old CH 0141 @ ¢
0.08 -
301 8 0.06 -
20 1 Q 0.04 -
10 - 0.02 -
0 . . . \ 0 T T T 1
0 20 40 60 8( 0 1 3 4
Nodes
X

Fig.6 Graphical Illustration: 10 Nodes, Cluster C1

Fig.5 Node 20 asnew CH of C2 at time T2: 25 nodes i i
The Fig.6 shows the nodes and their degree values.

Fig.5 shows the old and new clusterheads after |t is obvious that the node N4 carries lower degree

applying the F-PAC procedure. The old CH has hile this is compared with other degrees. This least

gone out of the communication range of the cluster yajue degree represents the degree of closeness of
the nodes towards the cluster boundary. The Higher
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degree node will be closer to the cluster head. This
will be helpful to decide the gateway node which
would be closer to boundary of cluster and keep
themselves away from the cluster head node.

The Fig.7 shows that node N8 has been the least
degree node comparatively to the other nodes of
cluster C2.

0.12
0.1
0.08
5 0.06
2 0.04
0.02

Nodes

Fig.7 Graphical Illustration: 10 Nodes, Cluster C2

Table. 1V Elected Gateways

Gatewa Gateway | Degree
Nodes | Cluster Node(WC):A) Node(W- of
PAC) Node
C1 N16 N16 0.07
25
Cc2 N23 N23 0.04

The Table.lV shows the elected gateways and their
respective degree values for each cluster where 25

S. Thirmurugan, E. George Dharma Prakash Raj

0.14
0.12
0.1

8 0.0s
2 0.06
0.04
0.02

17 18 19

Nodes
Fig.9 Graphical Illustration: 25 Nodes, Cluster C2

21 23 24

The Fig.8 pictorially shows that node N16 has been
the least degree node belongs to the cluster C1. This
node will be considered as gateway node as far as
the cluster C1 has been concerned. The Fig.9 shows
that node 23 has been the least degree node belongs
to the cluster C2. This node plays the role of
gateway for the cluster C2 to ensure inter-cluster
communication.

The gateway nodes elected also changes based on
their mobility property. This gateway re-election
could be handled as separate task of F-PAC. While
the gateways are going out of communication range
of clusterheads then the clusterhead could be able to
sense it since the absence of the periodic signal from
gateway to clusterhead. This may invoke the F-PAC
gateway election procedure to re-elect the gateway
node.

7 FutureDirection
The fuzzy logic can be further utilized on the ad hoc

nodes are considered as sample size. The node N1g'€work to identify the nodes falling into the
has been considered as gateway since this holds the?Verlapping region. The common gateway node

least membership degree value. The cluster C2
elects N23 as gateway node because of its minimum
degree value.

0.18 -
0.16 -
0.14 -
0.12 A
0.1 -
0.08 -
0.06 -
0.04 -
0.02 -

0

Degree

0124567 8 91011121314151620

Nodes

Fig.8 Graphical Illustration: 25 Nodes, Cluster C1
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identification has to be done. The experimental
results can be further enhanced with the help of
more number of nodes.

8 Conclusion

This study clearly exposes the role of fuzzy logic in
cluster formation in ad hoc network. It confirms the
cluster head selected by the existing WCA and W-
PAC procedure with the help of F-PAC procedure.
In this way F-PAC has been highly helpful in
validating the cluster head election. The purpose of
F-PAC procedure has been clearly explained for
clusterhead re-election and gateway election
procedure to ensure inter-cluster communication in
ad hoc network.
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