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PROBABILISTIC B-TREE ﬁASED CLUSTERING ALGORITHM
FOR VANET WITH DATA AGGREGATION
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ABSTRACT

Vehicular ad hoc network (VANET) is a kind of ad hoc
network, where the wireless communication has been
established between the moving vehicles. Recently, the
clustering scheme is suggested as an effective solution
to handle the fast topology changes of vehicular ad hoc
networks. However, the stability of the existing clustering
approaches shows poor performances due to highly
dynamic scenario of VANET. Thus this paper proposes a
probabilistic B-Tree based multi-hop clustering scheme
for VANET. A probabilistic density function i_s comptited
based on the velocity, speed and aéceleration of the
vehicles in order to select the cluster head (Deéignated
" Node (DN)) and the Backup Designated Node (BDN). The
élustering will be perfonned. usihg the d.ifectiori_ of yéhic_ies;

- A B-tree has been‘consti'ucted for each clus_ter and each

node willkeep and maintain thé entire topology structure. -

Once the DN failed, the BDN will be the DN and new BDN
vﬁlj bé selected and,t.he Btree will be rearrangéd,l whére
the proposed scheme enables the faster convergeﬁce.
Furthermore the data aggregation will be performed at the
desigﬁated no_des to reduce data -transmissi.dn' and that
makes the effective baﬂdwidth'ut'itijzatic_‘m.: The NSZ
snnulatlonhas been used to'e;}'é.il.ll‘éte ﬁh_e pel:foﬁnﬁncé of
| the proposed scheme and identified that the scheme

performs better than the existing clustering schemes in
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terms of packet delivery ratio, cluster stability, routing

overhead.
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L INTRODUCTION

Vehicular ad hoc networks (VANETS) are a kind of ad hoc
networks, which provides several types of safefy and noﬁ-
safety applications on roads by enabling communication
among the vehicles as well as between the vehicle and
the road side unit [1]. Since VANETS are characterized by
high mobility of vehicles. Because of high mobility,
topology of VANETSs changes rapidly; hence, high
communication overhead will be the resultant for
exchanging the new topology information. Several control
mééhar_sism for topology mana_éenienté and nﬁedié ac_ééss
have been broposed. One of these mechaﬁ_iéms is lt"ormih_g :
a hierarchical clustering structure within 'the'V'A_ANET. In .
cfusteﬁﬁg schemes, the grouﬁ of nodes wiii be forr.nedj as
acluster and can greatly-‘enhan(-:é fhe net_v.vqr._kyﬁérforrhﬁﬁc_:e
{2] 'It-;')ennits' the estaBﬁsléiﬁehf of .a_. "v.irt'uzil communlcatlon
l.)aﬂckb.'dne which gﬁafanféés jVeli'"f"lc;i/ent data delivery in
VANETS and also limits the ,‘éonsun‘t‘ptioﬁ _@f l_iinifeq
resources such as bandﬁidth. In recent yeérs, the
clustering scheme has been well studied in M(;bile Ad-
hoc Networks (MANETs). Regarding to the VANETs

characteristics, such as scale of the network, frequently
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changes of topology, high speed, etc., the traditi@érfl’al
clustering schemes are not an appropriate choice for
VANETSs [3]. Hence, the new clustering technique should
be designed effectively, particularly based on VANET

characteristics.

Thus this paper proposes a probabilistic B-Tree based
multi-hop clustering scheme for VANET. A probabilistic
density function is computed based on the velocity, speed
and acceleration of the vehicles in order to select the
_ cluster head (Designated No_de (DN}) and the Backup
Designated Node (BDN). A B-tree has been constructed
for each cluster and each node will keep and maintain the
entife topology structure. Furthermore the data
aggregation will be performed at the designated nodes to
reduce data fransmission and that makes the effective

bandwidth utilization.

The rest of the paper is organized as follows: Section 2
_provides the recent related works based on the clustering
- schemes presented for VANET. The system model has
. been described in the section 3. The proposed
probabilistic B-Tree based multi-hop clustering.scheme
has been described in the section 4. The results have
been discussed in the section 5. Finally, section 6 renders

the conclusion.

1L ReLATED WOBKS

.Numerous clustering schemes for VANET have been
presented in the literature. A novel clustering scheme has
" been proposed in [3] for highway based VANET. This
approach tries to enhance the stability of VANET by using
the metrics such as speed difference among neighboring
nodes, position, and direction. Multi metric algorithms

have been presented to elect the cluster head.

In [4], the author proposes a weighted clustering algorithm
for VANET. This scheme uses several metric derived from
number of neighbors, distrust value relied upon dynamic
communication range and direction of vehicle movement
to improve the stability of the cluster and connectivity of
the cluster. In [5], the author proposed a clustering
technique namely, VMaSC relied upon choosing the node
{cluster head) with the minimum mobility computed as a

function of speed difference between the nodes.

Affinity based clustering routing protocol [6]} has been
proposed for VANET that divides the network into
variable sized clusters relied upon the traffic type,
infrastructure type, and node speed and affinity
propégation technique. This protocol mainly
concentrates on the minimization of routing overhead and

delay for finding the effective routes for data transmission.

In [7], the author proposed an Agent Leaming—baéed _
Algorithm for Clustering the VANET. The environments
have been learned by the agents and with the learned
information it takes the appropriate actions. The learned
information will be shared with the neighbors in a
collaborative manner. Based on the mobility and learned
information, the vehicles have been clustered in the

network.

In {8}, the author proposes a traffic flow based (TFB)

clusteririg scheme to form a stable clusters for VANET,

- The node position, speed difference and traffic flow has

been considered in this scheme to choose the stable cluster
head. Furthermore, only vehicles present inside the
predictéd speed difference between it and the cluster head

is permitted to join the cluster.

357




Karpagam Jes Vol, 9 Issue 6 Sep. - Oct. 2015

A clustering technique has been proposed in [9] fq{:{large
scale VANET. The structure of the cluster has been
determined by the geographic position of the nodes and
the vehicle traffic information. The size of the cluster has
been controlled by a predefined distance between the
vehicle and the cluster head. The clusters have been
dynamically reconfigured whenever the nodes move out

of the cluster.
II1. SvysTEAt MODEL

A system model comprises of n number of vehicles and
every vehicle is equipped with On-Board Unit (OBU). The
OBUis compdsed of processing unit, sensors and.storage
capacity. Each vehicle can communicate with other
vehicles as well as with the Road Side Unit (RSU). The
Road side unit gathers the information such as crash,
collision and so on from its surroundings and forwards
this information to other vehicles. However some regions
such as like highways, rural areas, the RSU may not
accessible, so the vehicle itself transmits the information
to each other, Moreover, it has been assumed that all
vehicles are equipped with a positioning system such as
GPS from which it can obtain data about its present
location. In this work, the vehicles are formed as a B-Tree
based multi-hop clustered topology in each direction of
the road side. The cluster members only communicate
with their respective root vehicle, while the root vehicles
communicate with all the clﬁster members present in the

" cluster,

IV, Probabilistic B-Tree based Multi-hop Clustering

Scheme .

In this section, the description of the cluster formation,

cluster head selection and the data aggregation phase in

-
2

.
-

the proposed Probabilistic B-Tree based Multi-hop
Clustering Scheme (PBMCS) has been given.

A. Cluster Formation

Initially, the nodes (vehicles) are in the Undecided state.
In order to partition the network into clusters, each node
need exchange their Cluster-Head Candidate (CHC) state
information by broadcasting a HELLO message
ccutaining all the essential information such as direction,
position, speed, velocity and acceleration to its One-hop
and two hop neighbors. In order to construct stable
clusters, every vehicle needs to consider the neighbors
moving in the same direction and pay no attention to
B_roadcasts from vehicles in the oppoé.ite direction. Let s
consider a static position (X, ¥,), Whi.ch is to be meeting
point of the road sides and a vehicle node N. The position
of'the vehicle be (x, y,), velocity of the vehicle be V, -
direction vector {dx, dy). A vector v .signifying the

direction of vehicle N to the road end can be computed as '

follows
v = Xy = X0, ¥n — Yo) (n

The Qector signifying the velocity of vehicle N can be

computed as follows

?N = VNdx + VNdy )

Let x be the direction value of the vehicle, which is to.be
similar with respect to the fixed position and it can be

computed as follows
x= Vy-v (3)

The vehicles which haves the comparable values of x will

be clustered together in to one clusters.
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B. Cluster Head selection. t{?{

After the cluster formation, the cluster head and the
backup node have to be elected in the PBMCS. The
probability ‘density function (pdf) has to be calculated
based on the speed and distance between the node and
the road segment (fixed position). The current location of
the vehicle will be measured using the location information
provided by the GPS; the vehicle computes the time to
live that means the residual time to cross the road segment

and it has been calculated as follows

TTL 4

~ Speed
Where D is the distance between the node and the static

position, speed is the speed of the node

The nede stability S has been calculated based on the

TTL, velocity v and the acceleration a of the node

TTL ‘
S =— &)
a . .
~ The probability density function has been calculated for
_ ¢ach node based on the S value. _
1 1y[$—z)®
e(_i)[T] : (6)

ovinm

pdf =

Where u is the mean of the S value obtained from the
cluster members, & is the standard deviation respected to
the mean. The node with highest pdfwill be elected as a
cluster head (DesignatedNode (DN) and the node with
the next maximum will be elected as a Backup Designated
" Node (BDN). The DN will always send beacon to BDN to
detect the failure of DN, Once the DN failed the BDN will
be the DN and new BDN will be selected.

The nodes which is not a 2 hop distance of the cluster
head then that node are isolated from the cluster and they
will form a new cluster and elect the cluster head and the

Backup Designated Node (BDN) for that cluster.

The Binary tree (B-tree) has been constructed for each
cluster to maintain the topology structure of the network.
The cluster members and the cluster head will find the
distance between its position and the static position. The
cluster head will be keep it as a root and the node which
has the distance minimum than the cluster head distance
will be placed in the left of the tree, while the node which
has the distance maximum than the cluster head will be
placed in the right of the tree. The algorithm for
constructing the B-tree has been given in the algorithm 1,
The entire topology will be formed by the gateway nodes
of the clusters. The each node will keep and maintain the.
entire topology structure. This will maintain the
consistency in communication by aveiding ﬂood;
Moreaver, the CH will always send beacon to. BDN to
detect the failure of DN, Once the DN failed, the BDN will
be the next DN and new BDN will be selected. This will
enable faster convergence, if a node go away form the
cluster the beacon signal will identify that and the B-tree
will be rearranged. This will avoid the broadcast storm
and performance issues. Transmission failure will be’

minimized due to alternate route backup
Algorithm | B-Tree construction for Clusters
Step I : Fori=! to N, where n is the number of clusters

Step2: Calculate the distance between the cluster head

and the static position

Step3: Place the clusier head as root
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For i=] to m, where m is the number ochster

Step4:
members

Step5: Calculate the distance between node and the
static position

Step6: 1f D, <D,

Step7: Ifieftchild—NULL

Step8: place the node in the Left hand side

Step 10 ; Compare the distance with the occupied node

as root and do the process from the step 6
Step 11 :end if
Step 12:else If D, > D,
Step 13 : If right child ~ NULL
Step 14 : place the node in the Right hand side
Step 15

relse

‘Step 16 : Compare the distance with the occupied node

as root and do the process from the step 6
Step 17 :end if

Step 18 :end for

Step 19 : end for

In this work, Histogram baséd.Data aggregation has been
: u_sed to minimize the bandwidth consumption, where the
data interval velocity is divided by an error boundg; then,
the data packet has been kept into the related interval.

- The data packet in one interval is aggregatcd data, The

Data aggregation required to consider the division of the -

data zone and the grouping of the data.

V. SiMuLATION AND RESULTS

The NS2 simulation is used to evaluate the performance
of the proposed Probabilistic B-Tree based Multi-hop
Clustering Scheme (PBMCS). Table I shows the Simulation
setup. The proposed protocol is compared with the
existing scheme Agent Learning—based Algorithm for
Clustering {ALCA), VWCA. The metric used to evaluate
these clustering schemes are packet delivery ratio, cluster

stability, End to end delay and routing overhead.

Table I : Simulation setup

Parameters Values
- Simuiation type NS2
Network size 1000x 1000
Number of nodes 20, 40, 60, 80, 100, 120
Speed 20-70 kmph
Physical standard 802,11/802.11p
Transmission range 200 m
Packet size 512 bytes
Data type CBR

A. Performance metrics

Packet delivery ratio is the fraction of CBR packets given
to the destination to those disseminated by the sources.
It is compnted by the number of received packets by
destination through the number of packet generated from

the source,

TP =The Total Number of packets successfully delivered,

TP
Total number of packet sent

PDR = x 100

G
Figure 1 shows the packet delivery ratio with respect to
the number of nodes in the network. The proposed PBMCS
attains the maximum packet delivery ratio with the help of

the topological information using the B-tree. Moreover,

by performing the data aggregations, the congestion will

360




PROBABILISTIC B-TREE BASED CLUSTERING ALGORITHM FOR

VANET WITH DATA AGGREGATION

be less in the network. So the packet drop due tg the
congestion will be less in the proposed PBMCS, where it
increases the packet delivery ration when compared to

the existing VWCA and the ALCA.

—~=VWCA
-M-ALCA
—ige PBMCS

e 10

0 4 60 . 84
Number of nodes

Figure 1 : Packet delivery ratio with
respect to number of nodes

In order to measure the cluster stability, cluster head
duration need to be computed. Cluster head duration is
defined as the time duration from when a node changes
its state to CH to when a node transfers from state CH to
or CM. Figure 2 shows the average cluster head change

. with respect to the maxinum speed of the vehicle. The

PBMCS select the most stable cluster head by using the '

probability density factor. The PBMCS acquires 12 cluster
Il_ead changes for 70 m/s maxirr_lum speed, while, the
- VWCA, ALCA acquires, 19, 14 cluster head changes.

respectively.

e VWCA
“g-ALCY T
~-PEMCE

4'.\ nerage

i 4§ 5876-1770
_ Speed {ms)

Figure 2 : Cluster stability with respect to maximum

speed of the vehicle

Routing overhead is the ratio between the total number
of created control packets and the time interval. With the
help of the topological structure, the PBMCS can generate
a minimum number of control packets. Moreover with the
BDN, the PBMCS can minimize the transmission error and
thereby the control packet generated for the
retransmission will be minimized. The PBMCS generates
150 control packets for 300 s, while VWCA, ALCA

generates 260, 350 control packets respectively.

Wt &
2228

- i VWCA
~B-ALCA
~&~PBMCS

2 88

Numhber of Control Messuges
[l — g [

=

50 100 150 ¢ 230 G0
Simulation Time (sec).

Figure 3 : routing overhead with respect to the

simulation time
CONCLUSION

This paper proposes a probabilistic B-Tree baséd multi-
hop clustering scheme (PBMCS) for highly dynamic
scenario of VANET. The PBMCS forms the most stable
clusters heads ((Designated Node (DN}) and the Backup
Designated Node (BDN) by computing the probability
density function based on th.e ve.locity, sbeed and
acceleration ofthe vehicles. A B-free has been constructed
for each cluster and each node will keep and maintain the
entire topology structure. Once the DN failed, the BDN
will be the DN and new BDN will be selected and the B-

tree will be rearranged, where fhe prdposed scheme-e.rlabies
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the faster convergence. The data aggrégation usiﬂé the
Histogram has been performed at the cluster head to
reduce data transmission and that makes the effective
bandwidth utilization. The NS2 simulation has been used
to evaluate the performance of the proposed scheme and
identified that the scheme performs better than the existing
clustering schemes VWCA, ALCA in terms of packet

delivery ratio, cluster stability, routing overhead.
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