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Abstract: Mobile Ad Hoc Network (MANET) is a network architecture, which has no backbone network and is
deployed temporarily and rapidly in emergency or war without fixed mobile infrastructures. All communications
between network entities are carried in ad-hoc networks over the wireless medium. Due to the radio
communications being extremely vulnerable to propagation impairments, connectivity between network nodes is not
guaranteed. Therefore, previously developed routing algorithms in wired networks cannot be used. And many new
algorithms have been undergone.

This study proposes the secondary leader approach to the cluster based routing protocol(CBRP). In case, the primary
leader becomes abnormal status so that the primary leader cannot participate the communications between network
entities, the secondary leader immediately replaces the primary header without selecting process of the new primary
leader. The performances of proposed algorithm ACBRP(Advanced Cluster Based Routing Protocol;CBRP using
secondary leader) are compared with CBRP and results are presented in order to show the effectiveness of the

algorithm.
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1. INTRODUCTION

Mobile Ad Hoc Network {(MANET) is network
architectures, which is deployed temporarily and
rapidly in emergency or war without fixed mobile
infrastructures. All communications between network
entities are carried in ad-hoc networks over the
wireless medium. Due to the radio communications
being extremely vulnerable to  propagation
impairments, connectivity between network nodes is
not guaranteed. In fact intermittent and sporadic
connectivity may be quite common(1,10].
Additionally, as the wireless bandwidth is limited,
communications should be minimized. And, as some
of the mobile devices are expected to be hand-held
with limited battery power, the required transmission
power should be minimized as well[2,3]. So,
previously developed routing algorithms in wired
network cannot be used. Therefore new algorithms are
researched like distance vector algorithm{4,5],
Dynamic Source Routing (DSR)[6,7] and Cluster
Based Routing Protocol (CBRP)[10,11).

Especially in CBRP, efficient leader selection and
management are very important hence, leader selection
algorithm should make sure leader is selected during a
certain period and selected leaders are accepted by
other member nodes [8]. And this algorithm has to:
support robustness for fault, and when and who should
be selected as the leader. Additionally, Mobile Host
(MH), network performance, fault rate, traffic pattern,
throughput and change in the network topology should
be considered[9]. If a leader has problem, all
communications inside its cluster will stop until a new
leader is selected. In MANET, MH’s mobility makes
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leader selections very often. This is very important
factor for routing algorithms.

Therefore this paper proposes a secondary leader
based clustering management with rerouting algorithm
to recover rapidly and to minimize the problem when
primary leader is moving out a cluster or get into an
abnormal status so that a secondary leader performs an
original lead’s job in time.

2. SECONDARY LEADER FOR CBRP

In previous CBRP, a Cluster Leader (CL) is
selected. The cluster is based on MHs’ virtual cell, in
which a CL can transmit messages and coordinate all
communications between each pair of MH’s. Hence,
messages are transported via a CL. And all
MHs(member MHs and gateway MHs) in a cluster
routes packets depending on CL as Fig. 1. But if a CL
has a problem, then packet cannot be transmitted
inside this cluster until another new leader is selected.

Cluster B Cluster €

Cluster A

[s} : Cluster Leader @: menber : gateway No. : node's ID

Fig. 1. Ad-hoc network model



In order to minimize the time lag we advocate that
whenever a Primary Leader(PL) is selected, a
Secondary Leader(SL) also is decided. The SL is
always within 1-hop from PL in order to decrease the
number of MHs that participates in possibly different
clusters. And SL just keeps PL and related information
before PL has problem. When PL has a problem, SL
performs PL’s job without any reselection of PL like
previous CBRP.

2.1. Assumption

Assumptions we made in this paper are as follows.

MHs in MANET transmit packets as promiscuous
mode, receives all packets without topology address
filtering. Even though promiscuous mode increases
CPU’s load, but we expect hardware’s performance is
going up rapidly. So, transmission speed will be a
more important factor in wireless topology’s
performance.

A MH or related equipment transmits packets in bi-
directional ways.

Each MH has a unique ID, for instance IP address.
MH that has the smallest ID out of 1-hop away
neighbor MH’s will be elected as PL. Even there are
many different to selects a Leader, but this paper
considers a simple leader selection algorithm for the
simplicity.

2.2. Experiment procedure
Each MH maintains a Neighbor Table like Fig. 2.
And each MH broadcasts HELLO message with its

Neighbor  table as  shown  below  every
HELLO INTERVAL.

NEIGHBOR_ID ROLE

Neighbor 1 LP/LS/MB

Neighbor 2 LP/LS/MB

Neighbor N LP/LS/MB

LP: Primary Leader in cluster
LS: Secondary Leader in cluster
MB: ordinary member MH

Fig. 2. Structure of Neighbor Table

In Fig. 3, the first field specifies the ID of sender
MH. The second field shows MH is PL, SL or cluster
member. Undecided means a node is still in search of
it host cluster.

MY_OWN_
MH’s ID

MY_MEMBERSHIP_STATUS
(LP/LS/MB /Undecided)

Neighbor Table

Fig. 3. Structure of HELLO message

Upon receiving a HELLO message from its
Neighbor MH B, MH A modifies its own Neighbor
Table as follows.

1) It checks if MH B is already in the information
table, if not, it adds one entry for MH B.

2) If MH B is PL or SL, marks MH B as PL or SL,
if not, marks cluster member.

Each entry in the information table is associa'ed-
with a timer. A table entry will be removed if a
HELLO message from the entry’s node is not received
for a period of (HELLO LOSS+1) * HELLD
INTERVAL, allowing HELLO LOSS consecut ve
HELLO messages to be lost from that node.

CBRP could be viewed as a combination of the two
following sub functions which will be discussed below.

{1] Cluster Formation

The Cluster Formation algorithm is a simple lowest
ID clustering algorithm in which the node with a lowest
ID is selected as the cluster leader. Each MH uses the
information obtained from the HELLO message for
Cluster Formation. A MH, that has the lowest ID among
all its bi-directionally linked neighbors, is selected as
PL. And another MH that has the next lowest ID witain
1-hop from PL is selected SL..

The new PL or SL broadcasts HELLO messa ses
with PL or SL information. All other MHs except PL
and SL are cluster member. Fig. 4 is a sample cluster
of this paper. In Fig. 4, PL is HM 2, and SL is MH5.

e g\- $ Primary Leader
L5
0 @ Secondary Leader

No. : node's ID

Fig. 4. Clustering in the proposed method

[2] Cluster Maintenance
PL and SL perform the following rules.

¢ Non PL MH cannot change current cluster
PL’s status. When MH X is moving to other
cluster in which MH Y is PL then MH X
cannot be PL, even if MH X has smaller ID
than MH Y.

¢ SL  checks HELLO message from PL
periodically. If it cannot receive any HELLD
messages from PL during a certain period, SL
makes itself as the PL and selects a SL fromn
Neighbor Table.

¢ If two different PLs are moving into one clustzr
and has 1-hop distance, then one loses its FL
right and it’'s MY MEMBERSHIP_ STATLS
field’s value becomes a member.

¢ PL checks HELLO message from SL. If it
cannot receive this message during a certain
period, PL selects new SL with has next lowest
ID from its information table, promptly and
informs to new SL. After receiving, New SL
also broadcasts HELLO message to neighbor
MHs.
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And it follows the previous CBRP management
procedure to add and remove numbers of cluster [11].

In this paper, we have discussed SL selecting. In
previous CBRP, there is only one leader. This makes
overheads because of MH’s mobility. With SL, PL’s
absence can be improved very quickly and CBRP's
problem can be solved.

3. EXPERIMENTAL RESULTS

Throughout the experiment, it is assumed that all MHs
represent set theory and calculate probability
distribution of MH.

3.1. Calculate cost of reelection primary leader

This section calculates cost of reelection primary
leader when primary leader is moving out a cluster or
get into an abnormal status. Therefore, it is assumed
circle which center is primary leader and a radius is R,
and all MHs in circle exist uniform distribution.

In Fig. 5 presents secondary leader instead of
primary leader when primary leader in a cluster is
moving out a cluster or get into an abnormal status

cluster SL

cluster PL

Zone A Zone B

Fig. 5. Change cluster SL from cluster PL

In Fig. 5, cluster zone is circle, which center is
primary leader and a radius is R.

If secondary leader in charge of the PL’s job when
PL is abnormal status, cluster zone will change cluster
PL to cluster SL. At this time, MHs in zone B is not
change routing, but MHs in zone A is member in other
cluster or build up other cluster.

Therefore calculate area zone A and zone B for
calculate number of zone A and zone B’s MH. Fig. 6
presents coordinates that X-axis is line of PL and SL,
the origin is PL for it.

by zone B2

Ul

zone A zone Bl

Fig. 6. Change cluster PL to cluster SL using
coordinates
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In Fig. 6, solve point o, § which cross point cluster
PL and cluster SL, connect for calculation zone B area,
and cut a zone B into two equal parts(zone Bl and
zone B2) using line(X = a) connected a, .

The area of zone A is circle area which center is PL
and a radius is R without area of zone B.

In Fig. 6, we calculate o and P point value using
circle equation in a radius R.

(1) is the equation of a circle.

x*+y>=R’ (1)
(2) is a straight line through o and B in Fig. 6.
x=a (2)

We get (3) from (1) and (2). And we solve o and B
from (3).
yZ - RZ _aZ (3)

2

y=1vR*~a’
_ /Rz_az . B= /Rz_az

If the area of zone B is S(B), it express to (4) with

A

0<a$&.
2

S(B)=2x5(8)

=2R*? sin"{___“R:’":j+2R R —a” cos {sin"["’k: —a° ]]
R R
alFoa

e 4)
If the value of a is 0 in (4), the result is as follows.
S(B)a-cy = 2R’ sin ' (1) + 2R cos fsin ~' (1)}

Also, if the value of is R/2 in (4), the result is as
follows. .
S(B)(a=R/2) =2R%sin "(g]-;-ﬁkl cos {sin -1[?]} _ \/ER:

Assuming that the area of zone A is S(A), it is as
follows. :

S(A)=TmR’ - S(B) (5)

In assumption, all MHs exists uniform distribution
N(A) (number of MHs in zone A) and N(B) (number
of MHs in zone B) can be shown at the next two
equations. The » is the number of MHs in cluster.

S(4a)
NA) = ®)
NB) - S (B8

n R ?

Next, calculate packets for reelection primary leader
of proposed ACBRP and CBRP when primary leader
abnormal status.

In this case the problems happen to primary leader
at CBRP, the each mobile hosts generate HELLO
message for reelection. And the each mobile host



recognizes that the host becomes a primary leader
using the message information. If one host is primary
leader, it broadcasts to mobile hosts with HELLO
message.

A packet for the reelection of leader at CBRP
generates when mobile host recognizes the matter of
leader in the cluster and is broadcasted to assign
MY MEMER-SHIP STATUS value of HELLO
message to UD. If so mobile host in the cluster
excludes leader and is (n-1), HELLO message of (n-1)
is generated.

So, PR(Packets for Reelection Header) for
reelection of leader at CBRP is as follows.

PR(CBRP)=(n-1})+1=n (7N

But, secondary leader immediately play the role of
primary header as Fig. 5 at the proposed ACBRP. So,
nodes in zone B don’t change and only nodes in zone
A act the same as CBRP.

So, nodes in zone A can get the following equation
from (7).

PR(A) = N(A)

Nodes in zone B become to broadcast the only
packet that is changed secondary leader to primary
leader. And they can express as follows.

PR(B) = 1

Also, 6 that manage secondary leader can consider
the kind of three. First, there is a packet that informs
the election of secondary leader to the leader after
making up a cluster. Second, there is a packet that
informs the election of new secondary leader to the
leader because of secondary leader trouble. Third,
there is a packet that delivers a routing table of
primary leader per hour to secondary leader.

So when primary leader is absent from ACBRP,
PR(ACBRP) of generated packet number for primary
leader reelection is shown in (8).

PR(ACBRP) = PR(A) + PR(B) + &
=N(A)+1+3 (8)
where 8 is a packet for SL management

We calculate (9) from (5), (6), (7) and (8).

PR(ACBRP) sy (Tt ol o el

L . R Loe lj

If the number of mobile host become 100 at cluster
in (8), (9), if radius R of the cluster is 2 km and if § is
3, we get the following equation, (10) at 0<a<1

PR(CBRP),,:]()() =100

PR(ACBRP)Ir;]OO :l’lf-tsin Kf{h.‘?n_ 1+4qcos {sm ‘:W“, - dat J4-u"i 2100 + 4

Table 1 show the value of PR(ACBRP).
It increases the value of a from 0 kmto 1 km, R/2 at
intervals of 0.1 km.

Table 1 PR(ACBRP) according to a change of the
value a

a O || @ B |BG|B| 7| 8| ®

PRACBRP)| 400 | 85 | 130 1771{ 2178 2565| 2036{ 2XR| 36X | Ib| £10

At ACBRP and CBRP algorithm, the number of
reelection about abnormal status of PL is shown in
Fig. 7.
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~

5. 100
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+

g
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o

S 20 i—O—PRQ\CBRP)i
e o o= =N
C

! 0 02 04 06 038 1

a;hafofdstance pL and SL&km )

Fig. 7. The number of packets for reelection of PL.
according to a (half of distance PL and SL)

As Fig. 7, we know that the number of packet for
leader reelection is always fixed in the conventicnal
CBRP, but is considerably decreased in the proposed
ACBRP. Specially, if the distance of between primrary
leader and secondary leader is 0 (a=0), it is not
generated to a packet for the reelection of primary
leader, and only confirms packets for informing new
primary leader and managing secondary leader.

The cost for reelection of primary leader considers
the only generation of a packet.

It assumes all the cost for managing received packet
to k. Then, the cost for reelection of primary leader in
the cluster, CRHp(Cost for reelection Hp), is
calculated as (11) and (12).

CRHp(ACBRP) = PR(ACBRP) x k (0
CRHp(CBRP) =PR(CBRP) x k (12)

All cost about unit packet, k is as follows.
k = (Cost defining a packet) + (Cost
broadcasting to the neighbor mobile host’ +
(Cost managing the received packet)

If the value of k is 1, the management cos: of
reelection of primary leader is the same as Fig. 7. In
this paper, so, we can know that ACBRP is superior in
performance to CBRP.
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3.2. Calculate cost of rerouting

The communication between two target nodes can
be broken during exchanging messages. But in this
paper, only node’s problem on the connection route is
considered. In Fig. 1, in order to make a connection
between node 18 and node 24, node 2,20,4,21,34 and 8
should be member of communication route. So, If
some member nodes go out of cluster or get into
abnormal state, connection route can’t work any more.
And if gateway node 20,21and 34 have some problem,
host cluster primary leader must look for other
possible gateways and remake another route. But if
there are no possible gateways, old route just will be
removed. But if three is problem in cluster primary
leader node 2,4, and 8, the communication between
node 18 and 24 is stopped during selecting new
primary leader. Therefore, CRR(Cost for ReRouting)
is calculated by re-selection cost of cluster’s Primary
leader and the number of clusters which are involved
in the communication between target nodes.

In Fig. 1, if primary leader node 2 and/or 4 go out of
cluster during communication between node 18 in
cluster A and node 13 in cluster B and also get into
abnormal state, node 18 and 13 can’t exchange
messages any more before new primary leaders are
selected. The possibility of problem in cluster A’s
primary leader node2 is called P(C;) and
CRR(ACBRP) can be calculated with (11).

CRR(ACBRP) = P(C,) x CRHp(ACBRP)
Also CRR(CBRP) can be calculated with (12).
CRR(CBRP) = P(C,) x CRHp(CBRP)

And with two cluster A and B new CRR(ACBRP,)
can be calculated again

CRR(ACBRP,) ={P(C.)+P(C,)- P(C,nC,)}x CRHp(ACBRP)

In ACBRP,: 2 is the number of cluster
P(C;) : the possibility of problem in
cluster A’s primary leader
P(C,(C;):the possibility of problem

both in Cluster A and B

And CRR(CBRP;) can be
CRR(CBRP,) = {P(C.)+ P(C,)~ P(C, ~ C,)}x CRHp (CBRP)

If 3 clusters are involved in the communication
between target nodes, in Fig. 8 the cost of re-routing
can be calculated as below(where cluster number is
1,2,3...).

First, CRR(ACBRP) is

CRR(ACBRP;) _

(13)

and CRR(CBRP) is

CRRICBRES) _ o0y ey () PO Coy- PGy

""""""" (14)
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Based on (13) and (14), General CRR(ACBRP) is
CRR(ACBRPn) = [Z P(C,) - E‘:P(C, nC,, ))x CRHp(ACBRP)
And general CRR(CBRP) is
CRR(CBRPn) = (iP(CJ— iP(C; NCi ))x CRHp(CBRP)
If P(C;) is 0.5 and P(C;L1C;.y) is 0.025 and CRHp is
assumed a’s middle value in Fig. 7 as 0.5km, CRR can
be calculated as Table 2 and Fig. 8 based on the

number of cluster.

Table 2 CRR(ACBRP) and CRR(CBRP) according to
a number of clustefs for rerouting

Clusters 2 3 4 5 6 7
37.20 | 49.38 | 61.57 | 73.76 | 85.94

CRR(ACBRP)} 25.01
CRR(CBRP) | 97.5 145 (1925 | 240 | 287.5| 335

360
310 | -—e—ACBRP
260 {-—@—CBRP

210 F
160 +
110 f

g

costforremou

[22]
o
T

=
o

2 3 4 5 ) 7
clsters forcom m untatbn

Fig. 8. CRR(ACBRP) and CRR(CBRP) according to a
number of clusters for rerouting

As Fig. 8, CRR is increasing based on the number of
cluster. And ACBRP can re-route with smaller cost
than CBRP.

4. CONCLUSIONS

Mobile Ad Hoc Network (MANET) is a network
architecture, which is deployed temporarily and
rapidly in emergency or war without fixed mobile
infrastructure. All communications between all
network entities are-carried in ad-hoc networks over
the wireless medium. Due to the radio communications
being extremely  vulnerable to  propagation
impairments, connectivity between network nodes is
not guaranteed. Therefore, previously developed
routing algorithms cannot be used. And many new
algorithms are researched.

This study introduces Secondary Leader, in cluster
based routing protocol(CBRP) that reduces the
overhead from reelection new cluster leader and the
cost of rerouting.

The performances of proposed algorithm
ACBRP(Advanced Cluster Based Routing
Protocol:CBRP using secondary leader) is compared
with CBRP and results are presented in order to show
the effectiveness of the algorithm as shown Fig. 7 and
Fig. 8.
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