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Abstract
Many effects have been applied to maintain the stable topology and increase the
stability of the Mobile Ad-Hoc Networks (MANET). Traditional Topology control
mechanisms fail to consider lossy links which provide only probabilistic connectivity.
The existing methods such as cooperative communication, Distributed Topology Control
method, and Joint authentication control method have not ensured the survivability of a
node. The high possibility of a link breakdown due to low energy in ad-hoc networks
causes the cluster head selection issues with regard to achieving the best possible
service reliability. We propose Cluster Dependent Topology Control (CDTC)
Framework, which provides the ability to elect a cluster head by taking few metrics such
as the residual energy of the cluster head, the lifetime of a cluster head within a cluster
and network reachability. We attempt to find the minimal survivability of nodes under
the conditions of the dynamic movement of individual nodes which will ensure that a set
of mobile nodes form a connected network. Our proposed method is on-demand, which
balances link failure, improves the network connectivity, and prolongs the lifetime of
MANETs.
Keywords: Topology, Cluster Head, Stability, Survivability, Reliability

1. Introduction
The MANET is usually formed by a set of mobile nodes instantly, which can
communicate among themselves by means of air medium. These nodes are creating
a network dynamically without relying on the support of any infrastructure and
cooperate by forwarding the data between the nodes among themselves through of
single or multi-hop links without any central administration. This flexibility enables
them to be used whenever the fixed infrastructure is unfeasible. Hence the MANET
is very useful in the fields such as military battle field communication, sens ing, or
controlling a region, disaster relief, sharing information during the conference or
seminar etc. The node-to-node links are established and broken quite often because
of various reasons including dynamic topology, node failure, mobility, and
deliberate changes in the transmission power of the nodes.
The way to reduce the power consumption of each node can be achieved by
means of adjusting the transmission range which potentially reduces the energy
consumption involved during the transmission. Moreover, reducing the transmission
power will eliminate the long distance links that can avoid the waste of resources,
reduction in packet retransmission and interference. Additionally, the network
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overhead, scalability, interference with neighboring node or adjacent cluster and
handling of vulnerable nodes in large network will affect the performance of the
network. Hence the maintenance of fully connected topology in the networks needs
much attention in certain situations.
A topology gives information of connected nodes and their connectivity (link) status
between the pair of connected nodes. Here each node has information about its neighbor
and make a relative virtual link to construct a network. The idea of topology control is to
grant the mobile nodes a sense of control over certain parameters such that these
parameters can be manipulated in a way that improves the stability of a network.
Many of the authors [7, 10, 13, 22] interchangeably consider the topology control
as a technique which adopts the power saving scheme by adjusting the transmission
range of nodes and clearly excludes clustering approaches. Here we are proposing a
clustering method to maintain a sustained topology with a minimum duration in a
dynamic environment. In clustering dependent topology control approach, mobile
nodes select a set of nodes to form a cluster. This method provides a control over
topology to achieve a persistent topology by means of 1) Estimating the cluster head
life time 2) Estimating Individual nodes life time within the cluster called
Survivability 3) Admission control over the cluster in case the entry of new node 4)
Prediction and control of node movements by measuring the relative speed with
respect to cluster head 5) Estimation of lossy links within the cluster. Under the
assumption of success of the above factors, the overall method is shown to improved
connectivity of the mobile network.
The remaining of the work is organized as follows. In section II, we discuss about
related work associated with the proposed problem. In section III, we define the
problem formulation for creating and electing the cluster and Cluster Head (CH). In
section IV, we focus on estimating the lossy links within the cluster to avoid the
retransmission of packets. Finally, in Section V, we illustrate the result of this
combined framework and present the improvement of topology stability. The
consideration of vulnerability in a cluster is beyond the scope of this work.

2. Related Works
2.1 Clustering
Creating of virtual group of nodes with a volatile time period in MANET is called
Clustering. Here the nodes are allocated geographically adjacent to each other in the
same cluster by adhering to certain rules with depending on the application. The
probabilistic network model is proposed by Y. Liu et al [1]. In data centric approach
this model ensures only the network reachability, transmission range, and energy.
The system does not consider about link stability and its qualities. Moreover , the
probabilistic based models give the approximated results in network stability and
topology control. G. Guan et al [2] jointly consider topology control and node
authentication method. In the event time simulation, the Joint Authentication
Topology Control (JATC) provides improved throughput by the formulation of
discrete stochastic optimization approaches. Here the communication reliability and
efficiency has been improved by considering transmission power, channel
assignment, antenna direction, and type of transmission parameters are used to
maintain the link status will be active in the request time.
In spite of the all centralized methods few of the localized methods have focused
on the Directed Local Spanning Subgraph [8, 12] and Directed Relative
Neighborhood Graph were implemented for heterogeneous wireless network. In
which the dynamic mobility creates a challenge for constructing the spanning
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subgraph. Moreover, these systems have lack of control over the measure of lossy
link to avoid packet loss.
Li describes cone based topology control algorithm, which focuses on finding the
nodes in the transmission direction, instead of finding a node location. This
algorithm provides some useful properties like symmetry, sparseness, and good
routes. But this system fails to address the problems in a dynamic envi ronment. On
the dynamic environment both centralized and distributed approaches focus on
maintaining strong connectivity at the expense of scalability. To resolve this
problem, C.C. Shen et al [4] have proposed the cluster-based topology control
algorithm. This work is mainly focused on adjusting the transmission power to
control the link failure problem.
However, the adjustment of the transmission power may increase interference
among the neighboring node within a cluster and among adjacent cluster groups .
Moreover, this system does not consider the about dynamic movement of nodes with
varying speed.
2.2 Admission Control and Survivability
The lack of centralized control, cooperation between nodes, unreliable wireless
channel, and node mobility are combined together and introduce new challenges to
QoS parameters in MANET [6]. The admission control schemes have provided an
optimized solution with certain limitations by means of highlighting the
characteristics such as channel capacity, buffer size, battery c harge, and processor
time. Moreover, these parameters give the records to stateful/stateless protocols.
The survivability of a network or node is defined as its fulfilling the mission, in a
timely manner in the presence of link failure, several attacks, o r accidents [5]. In the
area of defense, firewall, cryptography techniques, access control, and Virtual
Private Network (VPN) are very helpful to increase the network survivability.
2.3 Lossy Link Estimation
The use of geographic routing provides a mechanism to control over the
monitoring of the link between nodes in wireless sensor networks [9]. The a -priori
or self-reconfiguring mechanism provides location information of the node and its
links. Here the blacklisting / neighbor selection scheme is used to avoid weak links
in the network. Distance-hop Energy Trade-off is used to increase the range of
communication for large hop transmission. The whole approach has been focused on
sensor networks. But this system fails to address the issues of mobile sensor nodes.
Reconfiguring of topology based on traffic engineering scheme, generates the
statistical report on traffic monitoring, bandwidth prediction, and reconfiguration
trigger, topology design & topology migration. The connectivity based topology
control method operates in either connected or disconnected state. The network in
which all the nodes are connected is connected as fully connected [11, 14, 15, 21].
In the reconfiguration scheme, the connectivity based topology control gives linear
network reachability rather than opportunity based topology control which provides
exponential network reachability. In other words, the components of the network
such as, links and nodes that are fully correlated to each other are called as a
coherent system. Some of the reconfiguration methods are based on energy level
between the connected pair of nodes. From the research paper considered so far, it
can be concluded that the network reachability should be a fully distributed manner
over the network.
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3. Topology Control
3.1. System Model for Topology Control
The network topology control is used to determine the deployment of the node
links and to make an effective link between the nodes to form a good topology.
Many of the distributed topology control methods do not effectively help in the
collection of node information in the network. To overcome the above issue, we
proposed distributed topology is being modeled by means of clustering.
Let us consider a network that has N number of clusters and all the cluster
members are fully connected with the CHs in each cluster and can be modeled as
(1)
Where
is the number of nodes in the cluster, and
is the number of link connections between the nodes,
N denotes number of clusters in the network
Generally, the topology control can be achieved by adjusting network parameters
such as transmission power, antenna parameters like gain and beam width, antenna
direction, channel assignment, node cooperation level etc. Apart from adjusting
these parameters, in case of random movements of nodes, the cooperative methods
fail to adhere to the topology control properties.
To avoid these problems, we have given importance to the following factors
while designing a mobile network.
 All nodes must belong to at least one cluster.
 Node degrees of the cluster head should be kept at a minimum for lossy less
transmission.
 The hop count of the network should be reduced.
 The transmission radius should be reduced to avoid interference between
clusters.
 Guarantee connectivity to avoid lossy links and multiple retransmissions.
 Minimize the number of bi-connected components to reduce the excessive
bandwidth utilization.
 Maximize the size of the largest bi-connected component to establish coverage
of the whole cluster.
 Maximize the distance between the cluster heads for frequency spectrum reuse.
A. Topology Construction
The objective of the proposed method is to create a topology with clusters and
nodes that should be aware of its mobility and its lifetime. Towards th is end, the
Cluster Dependent Topology Control (CDTC) method includes i) Calculation of
Mobility, ii) Calculation of nodes Relative Speed, iii) Estimation of nodes Life
Time, iv) calculation of residual energy. Many of the research results [2, 3, 4, 8]
conclude that the stable topology environment can be achieved by means of
adjusting the transmission parameters. In case of dynamic environment, these results
fail to ensure the minimum survivability of the nodes within the cluster.
B. Mobility Calculation
The CDTC framework maximizes the cluster stability by choosing the CH with
relatively low mobility. The movements of each node are unrestricted. i.e., the
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trajectories of the node can be anywhere in the topographical area. We represent
node movement in two dimensional representation, i.e.,
.
The mobility of a node can be calculated by the average of the distances covered
in its last n time slots. The total distance d t travelled by a node in time t is
(2)
Where,
i = t  current time
The node mobility can be calculated using the relation

(3)
C. Estimation of Residual Energy
The residual energy is remaining energy that a node does not able to send or
receive data Energy level of each node should be above the threshold value of the
residual energy. The node cannot be admitted to the cluster if its energy level
becomes lower than residual energy. The energy level of an idle node can be
calculated as
(4)
Where,
M is incremental cost to send or receive a packet
C fixed cost for broadcast communication
It is differs for cluster head with some basic assumptions.
 Number of Cluster Members(CM) associated with CH during communication
 Cumulative transmission power utilized by CH to provide service to the CH
members.
 Total traffic associated with the CH.
Total Energy consumed by CH can be calculated as
(5)
– Cardinality of the cluster
– cost of energy consumption in traffic forwarding
– Total transmission power.
α, β & γ are weights assigned based on the network density.
Where

If network traffic increases then the weight of the β will be high. In case of dense
network cardinality value will be high and also the value of α will be higher than
that of remaining weights.
D. Cluster Formation
In infrastructure less network, the nodes control and cooperation have predefined
role in the network. But it is not achieved in real time network. The cluster creation
gives more specific approach to have a control over mobile nodes in many mobility
models.
The single hop cluster gives more reliable communication among the nodes and
offer value added services in the network. To form a cluster in MANET,
 Number of nodes in the network.
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 Node degree with single hop connection.
 Number of nodes in the cluster will lies between upper and lower limit values.
 Admission control over the joining of new node.
E. Cluster Size Prediction
In cluster based network environment, the cluster size to be predefined. This will
step into reducing the lack of communication between the CH and CM. Moreover,
the packet retransmission, packet loss, problems with lossy links also be reduced by
fixing the cluster size value. The criteria for cluster size are:
 Channel bandwidth: To be initialized during the period of network setup.
 Number of communication channel allocated to a respective cluster: in case of
Frequency Division Multiplexing scheme (FDM), the number of
communication channel and its guard band range is to be allocated.
 Maximum load handling capacity of a CH: determines the maximum number
of single hop nodes connected to the CH to offer the service.
 Time limit of Idle/Busy status of the channel: to reduce the unwanted
resources utilization of a channel and waiting time of service request node.
 Number of standby channels in the cluster: Minimum no of standby channels
will determine the upper value of the cluster size.
 Minimum number of neighboring nodes around CH: This criterion will
determine the lower degree of the cluster size.
F. Cluster Head Election
Cluster Head election process is needed for cluster based network. Many of the
research work have been done on selection of cluster head in clustered network such
as MANET, VANET, and WSN. The cluster head selection algorithms follows on
the deterministic/ non deterministic clustering, on-demand based clustering, Lowest
ID based clustering, and Connectivity based clustering, adaptive clustering. There
are some limitations in the parameter utilization on cluster head selection method.
To overcome these issues, the following steps will be followed for CH selection
Process.
Step
Step
Step
Step
Step
Step
Step

1: Number of node count in the cluster
2: Node status identification
3: Estimation of Node life time within the cluster
4: Energy level calculation
5: Nodes Speed prediction
6: Enabling the Election Process
7: Verifying the CH nodes status

3.2 Mobility Model
In a MANET, the movements of the nodes are totally stateless. The future
movement of a node is completely independent of the past movement. So the
motion is purely unpredictable. The Gauss Markov model [20] creates the
random movements with new speed and direction based on current speed and
direction. This model updates the next movement of the mobile nodes. The
proposed system considers the movements of the nodes with respect to cluster
head. Many of the problems arise due to the sharp changes in the speed and
direction. To avoid this problem, the speed and direction at time t should be a
function of the speed and direction at time t n-1. Such that:
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(6)
Where,
S n is speed of a node n and
D n is direction of a node n
Based on the Gaussian distribution, the speed and direction of a node are
calculated at each interval by using the above formula. The new values of the
direction and speed can be calculated at fixed interval of time by using the
following equation:

(7)

(8)

Where,
α – to change the degree of the randomness of the model. If
, then
randomness will increase and if
, then node movements will be sharp and
model behaves like a linear movement model

are the random

variables chosen from a Gaussian distribution.
are the mean speed and
direction of the node movement. At each time the next coordinate of the mobile
node is calculated by

(9)

(10)
Where,

are the new coordinate of the mobile node.

3.3. Node Current Table and Historical Table
Current Table
Node_Table Update {# of Neighbors, Energy_value, linear/angular_velocity,
TTL_Value WC }
Historical table on each node
Ht  {Node_Id, Time_Update, Energy_Level, Avg_Speed, Relative Speed,
Time_to_Expire WC,
Node_Status,
Voting_Count,
How_many_times_elected_as_CH_previously}
Assigning Cluster Head Selection Priority
If node (Nodei = Low_ mobility, TTL, High_voting_count, High_CH_count,
Low_relative_speed,
High_energy_value,
Current_voting_count,
High_residual_energy)
{
Priority = High;
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CH=Node i }
Topology Control Algorithm
Input: No. of nodes in the network with Gauss Markov Mobility Model.
Output: No. of nodes with well-defined cluster and sustained topology control.
Assumptions:

Nodes are active participants in the network

No node is vulnerable

All nodes are authorized.

Initially, energy is randomly assigned between 10 to 100 joules.

Each node must have its own historical data.
Begin
{
//Create a network
, where,

//
// Channel status and broadcast message
If (Chstatus= idle)
{
Frame values=F (Nid; Nsts I=0||I=1)
Energy =E (10 ≤ E ≤ 100)
Bcast= Hello_Frame
Initiate=Reply_Count

}
elseif(Chstatus = busy)
{
Timewait ++ ≤ WTth
Check status;
}
// Cluster Formation
{
if ( single hop CM ≥ 2||Multi-hop CM ≥ 2)
{

}
New_Node  { Nid; Nstatus; Energy; Nspeed;Ndirection}
if(CountCM ≤ Th)
CM €New_Node}
//Cluster Size Prediction
{
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// number of standby channels per cluster
// in a cluster should have two or more nodes
}
// Mobility model
{
// from equation 7
// from equation 8
}
// Cluster formation
// Cluster groups are formed by identifying set of neighboring nodes

}}
3.4 Lossy Link Estimation
Given the topology of unicast network and a packet loss threshold, we want to
identify all links in the unicast network whose packet loss rates are greater than the
threshold. We focus on identifying the lossy links using measurement mode with
access to the source and receiver. A table is maintained to monitor a ll links in a
network wherein we calculate the transmission rate and packet loss rate for all links.
If any link results in high loss rate that is greater than the threshold value , then that
link will be declared as a lossy link. This will be informed to the cluster head and
alternate path will be identified to transmit the data.
A. Identification of Lossy Link in a Cluster
 Form a network based on cluster head with V as set of vertices or nodes and L
as Link.
 Assign a threshold value
 Initialize lossy link set as L’.
 Calculate each node sequence according to
(11)
If a node does not participate in transmission for long period, compare number of
‘0’ sequence with that of its nearest node or path. Otherwise compare Hamming
Distance of the node with other node, if
, the link connecting
number of ‘0’ is more than other link then one of the link is considered as Lossy
Link and added to L’.
B. Hamming Distance Calculation
Assumptions:

Let s is the cluster head for a set of nodes {
} nodes.

Let
be the number of probe packets of the sender that are sent
through cluster head s.
We use the following formula with XOR operator to find the distance between
nodes of different paths
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(12)
Where, H d - Hamming Distance
3.5 Network Stability Estimation
The stability of the network is calculated through various metrics such as node
velocity, received signal strength, and remaining node energy. In our proposed
algorithm, we have used only node velocity and received signal strength parameters.
The node velocity can be derived from the equations 7 and 8 and the network
stability with respect to signal strength can be calculated through the following
equation:

(13)
Where, N is Number of Nodes.
Signal Strength if first received signal.
Time taken for first signal reception.

Signal Strength if last received signal.
Time taken for last signal reception.

4. Simulation Results
The proposed framework is simulated using NS2 simulator. The si mulation
environment presents 10% of random lossy links in the network. The simulation is
carried out within 1000 x 1000 topological areas with three ranges of (20 -100) node
construction.
Table 1. Initial Parameters
Parameter

Value

Simulator

NS2.34

Channel

Wireless Channel

Propagation

Shadowing

Mac

802.11

Queue

Drop Tail / Priority

Antenna

Omni Antenna

Topography

1000 x 1000

Queue Length

50

Mobility Model

Gaussian Markov

Node Range

20-100

Simulation Time

2000

In our proposed work, we have evaluated with four phases of topology control
framework. In the first one, we have validated the nature of the MANET behavior
with regular topology. The second phase attempts the problems of cluster formation
and cluster head selection schemes. After the selection of cluster head, the network
realizes the un-stability of topology, which causes the problem of in-secure
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communication within the cluster. In the next phase we address this problem by
including a monitoring scheme, which increases the stability of topology by
adopting admission control over the nodes. The fourth phase estimates the link
failure within the cluster in order to reduce the multiple re -transmissions of packets
and thereby reducing the packet loss during communication. This scheme verifies
the status of the link during the transmission instead of verifying at the beginning of
the session.
Table 2. Current Table
Node
No
5
15
20
28
35
42
48
49

Time

# of
Neighbors

0.2352
0.2568
0.3562
0.5362
0.7428
0.9258
1.1256
1.4562

4
5
7
3
10
6
4
3

Energy
level
15.02
10.45
23.65
41.23
35.78
26.13
22.13
30.05

Avg.
Velocity (m/s)

TTL within
cluster

2.32
1.38
0.00
2.92
2.03
1.92
3.00
2.56

0.5342
0.7852
2.0000
0.3256
0.6785
0.6152
0.1274
0.5023

Table 2 indicates the status of nodes during the simulation period. Here the
random observations are taken, which indicates that the nodes have linear/non linear/zero motion. Moreover, each node has knowledge about its neighboring
nodes. This sample table was created during simulation of MANET with 50 nodes
and dynamic random movements.
Table 3. Historical Table
Node
ID
SimI0
5
SimI1
3
SimI2
5
SimI3
2
SimI4
5

Last Updated
Time (ms)

Energy
(joule)

Time to Expire
(Within the cluster)

Voting
count

CH
count

0.3254

15.62

0.7892

5

0

0.5789

32.58

1.2356

9

4

0.4325

25.32

0.9256

7

1

1.2389

20.14

0.3278

2

0

1.7895

12.92

0.4256

4

0

From the historical table, the system will assign the priority weights to the node
which is to be selected as Cluster Head. For example, from the table we can find
that the node (SimI13) has high energy value, high voting count, and high CH count.
Due to this reason the system will allocate the high priority value and SimI13 will
be selected as a cluster head. Moreover, the system will generate the report of
number of nodes in the network, number of packets generated, number of clusters in
the network, node ID, and address of the CH with respect to time. In figure 1a, the
system adapts three schemes which include none, CDTC and CDTC with lossy link
estimation. In none scheme, the network will act as regular nodes with no topology
control over network.
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(a)

(b)

(c)

(d)

Figure 1. Performance Metrics of the MANET (A) Throughput of the Network
(B) Average Normalized Cluster Life Time (C) Node Density Vs Packet Loss
(D) Percentage of Topology Stability
Here no cluster has been formed and has less throughput in the network. The
illustration of packet loss during the session is shown in the figure 1(b). In our
scheme, the total life time of the cluster has increased compared with the exi sting
system as shown in figure1(c). In figure 1(d), the stability status of the network is
found to be better compared with none topology. The estimation of node
survivability has been achieved throughout the network and the topology stability is
maintained during the session.

5. Conclusion
Many of the existing MANET research methods have focused on the energy
management, reducing power consumption and security issues. Our proposed work
provides improved topology control in dynamic MANET environment. Our network
has been found to maintain at least the minimum duration of stability and the lower
packet delivery loss achieved through the estimation of lossy link. The key
challenges of our work were to identify the random movements of the nodes over
the topography. In Awais et. al., [16,17] Energy aware and optimization are other
constraints to be considered in topology management which is outlined by Sohail
and Paul in [18,19]. The cluster heads play a major role over the network and
control the cluster members thereby providing an efficient service to the network.
By knowing the survivability of each node, the cluster formation and maintenance
can be done efficiently. In our future work, we plan to focus on the vulnerable nodes
and include security measures in the network. Our proposed framework can be made
to include admission control methods for further improving the network stability
and for endowing with effective topology control over the dynamic MANET
environment.
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