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Abstract

The role of a communication system in disaster relief effort is critical for an improved timely flow of the
crucial information in order for appropriate assistance to be delivered before, during and after the disaster.
The breakdown or damage of communication infrastructure is most widely known characteristics. The
alternative to such case is Mobile Ad hoc Network (MANET). This project will focus to develop and
simulate a MANET network to work in disaster relief, with proper routing protocol for having a quality of
network and topology control for keeping all nodes in the network connected together.
Keywords: Mobile Ad-hoc Network(MANET), Simulation, Simulation of Urban MObility (SUMO),
OMNET++, Vehicles in Network Simulation (VEINS), Disaster Relief

1. Introduction
The motivation for the Topology Controlled Rout-
ing came from the recent wildfires in Portugal, on
18 of June, 2017. It was a tremendous tragedy
for the whole nation, where 62 people died and
dozens of others were injured including firefighters
[1]. During the rescue operation, it was found that
the emergency rescue system has failed and the
communication could not be made to local com-
mand post by emergency services [2]. The system
also had similar failures during the rescue attempt
in storms in January 2013 [2]. Further, the issues
of failure of rescue system have been reported
from around the world, for instance during one of
most devastating hurricane Katrina in the United
States of America on August 2005, the emergency
communication system failed [3].

During such disasters, the availability of commu-
nication systems can make difference between life
and death of the rescue teams and civilians af-
fected by them. The communication system in-
frastructure can fail during disaster due to physi-
cal damage to the network infrastructure, such as
communication towers and antennas, or the net-
work congestion that occurs due to an excessive
demand for traffic[4]. Physical damage to network
devices is one of the most common causes of com-
munication failure. The relevant officials confirmed
that the failure of the network was caused by dam-
age to cables and communication towers by the
fire, during the fire in Portugal[2]. Network conges-
tion is another issue faced during the disaster since

there will be an excessive amount of traffic flowing
through the network. The failure of communica-
tion system has severe consequences in the emer-
gency response, such as preventing an emergency
response and spread of false information and con-
fusion [4].

The network connection cannot always be pre-
served in disaster scenarios and usually, it takes
time for network operators to restore the infras-
tructure. One of the fastest ways to recover
the network connectivity is using mobile nodes
to cover the area and provide connectivity[1]. In
such scenario, communication nodes are carried
by emergency vehicles and formed a network that
does not rely upon any existing physical infrastruc-
ture to maintain the communication of the rescue
teams[5].

In Mobile Ad-hoc Network (MANET) the commu-
nication happens between two or more neighbour-
ing nodes by routing the data directly or through
a sequence of multiple hops for non-neighbouring
nodes. Since the communication will happen be-
tween mobile node through the wireless medium,
the nodes may leave or join the network at any time
and change the topology dynamically [6]. The un-
predictability of the environment, the unreliability of
the wireless medium, constrained resource of the
node and the dynamic topology would result in a
various fault in the network including transmission
errors, node or link failures, route breakages and
congestion of nodes or links.

One of the solutions that have been studied to
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improve the resilience of the emergency manage-
ment process consists in using unmanned aerial
vehicles (UAV), either to monitor the given area
without the intervention of human or during the
time where human intervention is not possible [7].
By using a MANET of UAVs larger regions can be
covered and monitored in a very efficient way [8].
The network can be disposed in an ad-hoc manner
over the given geographical area, and the resulting
network deployed in less amount of time, while it
provides faster response for rescuers to help the
affected area and population [9]. Nevertheless, as
reported in [10], these type of networks has con-
nectivity problems that are mainly caused when
nodes becoming out of range of each other while
there are moving.

One of the ways of providing a better connectiv-
ity service consists in controlling the topology of the
physical network using the information provided by
the routing algorithm so that nodes are not allowed
to move outside the coverage area. Thus, having a
topology controlled routing would improve connec-
tivity and enhance the ability of emergency applica-
tions to efficiently cope with disaster relief services
[11].

For the best of our knowledge, none of the ex-
isting routing protocols has been designed to max-
imize connectivity by restraining the movements of
the physical nodes.

2. State of Arts
A Mobile Ad-hoc Network is usually defined as
a network composed of many individual mobile
nodes that arrange themselves in different ways
and operate without any central infrastructure [12].
The nodes can transmit the packets directly to all
the nodes in their range, known as one-hop neigh-
bours. If a given destination node is not in range,
then the nodes have to use multi-hop to transmit
the packets, with an intermediate node acting as
routers.

MANET has many different advantages, but has
also many challenging operating conditions. Due
to them, there is a need to ensure the proper con-
nectivity among the nodes.

The environment and transmission medium is
very unpredictable and cannot be changed, but the
ability to control the dynamic topology of the net-
work and to ensure better routing is needed. The
wrong topology or routing mechanism could simply
reduce the bandwidth, increase the end-to-end de-
lay and decrease the robustness of node failures.

For instance, if the nodes in the network are too
far apart, there is a danger of the network parti-
tioning, high end-to-end delays and network failure.
On the other hand, if the topology is too dense, the
links would fail due to the congestion in network ca-

pacity and the nodes would collide with each other.
Furthermore, transmit power control results in

extending the battery life of the nodes and thus
the life of the network. This is a crucial factor
for MANETs and to ensure that there is required
power received by the receiver node for proper
connectivity.

2.1. Topology Control
In order to guarantee that a MANET is able to
cover a given area of interest to support monitor-
ing and rescue operations, it is essential to deter-
mine the appropriate topology of the nodes over
a given area of interest. However, MANET does
not have any fixed infrastructure and so there is no
fixed network topology. Therefore, it becomes diffi-
cult to maintain continuous connectivity. Topology
control is mainly based on controlling and adapting
the transmission power of the node.

As discussed in [13], there are two types of
methods namely centralized and distributed meth-
ods. The centralized approaches are not adequate
for our solution since there is no central infras-
tructure in a MANET. So, in the remaining sec-
tions, we are going to detail the most relevant dis-
tributed topology-control solutions. Different dis-
tributed strategies have been proposed in the lit-
erature to deal with topology control. The next sec-
tions detail the most representative.

2.1.1 Potential Field

The potential field was firstly described in [14] for
use in the mobile robotic community with the goal
of seeking and obstacle avoidance. The main idea
is depicted in Figure 1 [8].

Figure 1: Potential field of attractive, rejective and combined.
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According to the figure, the potential field can
be divided into two categories, namely attractive
potential field and rejective potential field. The at-
tractive potential field increases with the distance,
where the nodes will be attracted if they appear to
be moving away from the node. The repulsive na-
ture of the potential field corresponds with the col-
lision avoidance nature, where it will prevent the
nodes from colliding with each other. The optimal
distance between two nodes corresponds to the
one where both fields are in equilibrium.

2.1.2 Virtual Spring

The virtual spring model, as proposed in [15],
focus on the distributed safe-distance coordina-
tion among a group of autonomous flying vehicle
agents, where each one of them follows its own
current straight-line direction in a 3D space with
variable speeds. The main idea is depicted in fig-
ure 2 [15].

Figure 2: Virtual spring model.

In the virtual spring model, each node forms
a virtual connection with its neighbours’ vehicle
within a specified radius. When there is a change
in the speed and altitude of a node, the total re-
sulting forces on each virtual spring try to equal to
zero by moving to the mechanical equilibrium point.
Each node then adds the total virtual spring con-
straints to its movement to determine its own next
position; the set of the node together reach a group
behaviour, where each node keeps a minimal safe-
distance with its neighbours.

The authors researched a virtual-spring based
group coordination model in a 3D environment
to demonstrate how collision-avoidance group-
level behaviours emerge from the interactions of
agents with their individual safe-distance minded
behaviours.

The virtual spring method provides some ad-
vantage over the centrally controlled methods with
swift mutual collision avoidance, simple new agent
inclusion and 3D movement compared to the po-
tential field. Nevertheless, it is still unable to cope
with the movement of MANETs as in case of this
method the node follows a particular direction in-
stead of the motion where the node can change its
direction.

2.1.3 Boids Flocking

The aggregate motion of a flock of birds, a herd
of land animals, or a school of fish is a beautiful
and familiar part of the natural world. But this type
of complex motion is rarely seen in computer ani-
mation. Boids Flocking [16] have shown the devel-
opment of bio-inspired cooperative agents with the
decentralized control mechanism. The main idea
is depicted in figure 3.

Figure 3: Boids flocking model.
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To mimic this natural behaviour, the proposed
mechanism implemented three basic rules that de-
fine how each node behaves based on the position
and velocity of nearby nodes.

• Separation: this first rule avoids the nodes
from colliding with each other and avoids the
crowding of nodes.

• Alignment: It enables both the speed and di-
rection of the node to be aligned to the aver-
age movement of the all nodes in the network.
These way, nodes can move in a formation
and clusters can be maintained in a similar or-
ganization, as nodes move.

• Cohesion: It attracts the node to the average
centroid of the neighbouring node as to keep
the connectivity.

Separation and alignment are complementary to
each other as together they ensure that the mem-
bers of a simulated flock are free to fly within the
network area without running into one another.
Separation is the urge to steer away from an immi-
nent impact as it is based on the relative position of
its neighbour. On the other hand, with alignment,
separations between node remains approximately
invariant with respect to ongoing geometric flight.
The separation serves to establish the minimum
distance between the nodes and alignment tends
to maintain it. Cohesion makes a node want to be
near the centre of the flock as each node has a
localized perception of the world. This causes the
nodes to fly in a direction that moves it closer to the
centroid of the nearby nodes.

The use of all three techniques (Separation,
Alignment and Cohesion) would mean that the
MANET has nodes with proper connectivity, head-
ing in the same direction and avoiding collision be-
tween them.

2.2. Routing Mechanism
The movement of the nodes, as well as the varia-
tion of the propagation conditions, can change the
topology of a MANET at any moment. Thus, the
routing protocol must be designed to cope well with
such dynamic topology [17].

Two major groups of protocols can be defined:
Topology-based routing and Position-based rout-
ing. The next sections detail the most represen-
tative protocols of each group.

2.2.1 Topology Based Routing

In topology-based routing, the node identification is
done by the IP address. These IP addresses can
be used to set up the routes by using the informa-
tion about the links in the network for selecting the

best routing path. The topology-based routing can
be reactive, proactive, or a hybrid version of the two
approaches.

• Reactive Routing : A reactive routing pro-
tocol updates the routing information upon re-
quest when there is demand for a new route.
This gives the advantage of saving a lot of
bandwidth in the network [18], but introduces
an additional latency for the first time a packet
is transmitted, due to the need of setting up
the route. The most representative protocols
of this group are Ad-hoc On-demand Distance
Vector (AODV) and Dynamic Source Routing
(DSR). Both protocols require a route mainte-
nance phase to keep the routing information of
active sessions up-to-date.

• Proactive Routing : The proactive rout-
ing maintains a routing table with entries to
all known destinations, independently of the
existence of active sessions. For this, peri-
odical transmission of routing packets is re-
quired [18]. The most representative protocols
of this group are Destination Sequenced Dis-
tance Vector (DSDV) and Optimized Link State
Routing (OLSR).

The key advantage of these protocols is that
the latency is smaller because the routes are
computed in advance and available when the
source wants to send the packet to the desti-
nation. However, there is a higher overhead
due to the periodical routing update, even for
some routes that may never be used.

• Hybrid Routing

Hybrid routing protocols aggregate a set of
nodes into zones in the network topology.
The network is then, partitioned into differ-
ent zones and within each zone, the proac-
tive approach is used to maintain routing in-
formation. The reactive approach is used, to
route packets between different zones. So,
in this schemes, a route to a destination
that is in the same zone is established with-
out delay, while a route discovery procedure
is required for destinations that are in other
zones. Temporally-Ordered Routing Algorithm
(TORA) is an example of the hybrid routing.

The algorithm has the phases such as route
creation, route maintenance and route dele-
tion. In the route creation phase, the query
packet is flooded all over the network by the
source node and if routes exist, an update
packet is sent back to the source. In the route
maintenance phase, update packets again
check its position of the route composition.
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The route deletion phase involves flooding of
a broadcast clear packet all over the network
to removes invalid routes.

2.2.2 Position Based Routing

Position based routing uses an additional infor-
mation about the physical position of participating
node to eliminate the limitation of topology-based
routing. The individual node uses Global Position-
ing System (GPS) or some other positioning ser-
vice to determine its own position [19].

As described in [20], the position-based routing
mainly focused on location service and forwarding
strategy.

The purpose of location service is for the sender
node to determine the position of the destination
and to include its address in packet. In our case,
we consider that every MANET as a single desti-
nation node that acts as a sink node. The posi-
tion of this special node is known in advance when
the network is initially deployed. As so, there is no
need to use location service, since the nodes know
the initial position of the destination. As time goes
by, the destination may piggyback its location’s in-
formation in the packet it sends back to the other
nodes in order to allow them to locate them and
forward data properly.

The purpose of the forwarding strategy is to se-
lect an adequate next hop that must be used to for-
ward the packets. From a set of neighbour nodes,
each node must select the one that is best suited
to carry the packet to the destination. Hence, the
forwarding decision is made based on the destina-
tion of the packet and the position of the neighbour.
The position of destination contained in the header
of a packet can be updated by the node if it has
more accurate position.

Regarding the selection of an adequate proto-
col, several aspects need to be considered. Table
1 depicts a comparison of different position-based
routing protocols. The comparison comprises the
following properties:

• Robustness: The robustness of a location ser-
vice is considered to be low, medium or high
based on whether it takes the failure of a sin-
gle node, the failure of a small subset of the
node or the failure of all the nodes to render
the position of a given node as inaccessible.

• Scalability: It is the capability of the network
to handle a growing amount of network nodes
and its potential to be enlarged to accommo-
date that growth.

• Overhead: It measures the amount of control
traffic added to the network to support routing
protocol.

• Route quality: It determines the if the routing
protocol ensures that the shortest path is se-
lected for the transmission of packets.

Table 1: Comparison of different routing protocols.

The LAR [21], is an improvement to flooding al-
gorithms that aims to reduce the overhead caused
by flooding by restricting the route requests to the
expected area of the destination node. The partial
flooding makes the robustness of network low but
ensuring the route quality of the network with scal-
ability. MFR compared to LAR uses greedy flood-
ing to maintain one-hop neighbour table thus, the
robustness of the network is improved with better
scalability. The MFR, however, does not guaran-
tee that the selected path for routing is the short-
est path, which is its major shortcoming [22]. The
DREAM [23], is a multi-path, location-aware rout-
ing protocol and each node knows its geographi-
cal coordinates through a GPS. These coordinates
are periodically exchanged between the nodes and
stored in a routing table, giving the advantage of
using less bandwidth and resulting in good scala-
bility. However, it will have high overhead due to
the creation of multiple packets to update the net-
work. The GPSR [24], uses location information to
send the packet to the nearest node to destination
thus making it less robust. The selection and for-
warding the packet to the selected node assures
that the shortest path is selected and there is a low
overhead of the packet.

The GPSR module is better for the project due to
its property of the low overhead of packet and se-
lection of the shortest path. The robustness is not
the issue for the project as topology control mech-
anism will be used to ensure that all the nodes are
connected.

2.3. Simulation Tools
MANETs are dynamic networks populated by mo-
bile nodes and these nodes communicate in a de-
centralized manner to maintain its topology and
connectivity using a routing protocol to select the
forwarding node. In order to represent a large-
scale network, simulation studies are the most use-
ful and relevant methodologies.

The use of both traffic simulator and network
simulator are essential to simulate a realistic net-

5



work of MANETs. Veins, the open source simu-
lation framework with simulation models are exe-
cuted by an event-based network simulator (OM-
NeT++) while interacting with a traffic simulator
(SUMO). Other components of Veins take care of
setting up, running, and monitoring the simulation.

Veins constitute a simulation frameworks to
serve as the basis for writing application-specific
simulation code and can be modified for specific
use.Thus, veins would be used for simulation net-
work due to its comprehensive suite of models to
make mobile network simulations as realistic as
possible. The GUI and IDE of OMNeT++ and
SUMO can be used for quickly setting up and inter-
actively running simulations. The proper documen-
tation, tutorial and good community for the simula-
tor have given extra motivation in selecting it.

3. LOTOCOR system design
This project proposes a topology controlled routing
mechanism to be implemented in MANETs with the
objective of maximising both the coverage area of
the physical network and the reliability of the logi-
cal network, with a minimum overhead. Our main
focus will be on routing protocol, having as base-
line the Boids-Flock for the topology control and the
GPSR for data packet forwarding.

The Boids-Flock is then been used to ensure the
nodes are connected and moving in the same di-
rection without colliding with neighbour nodes, us-
ing its three parameters: separation, alignment and
cohesion. The GPSR position based routing al-
gorithm was selected because its is a simple, yet
effective greedy forwarding solution. In particular,
GPSR is able to use the shortest paths with the re-
stricted directional flooding and keeps a low over-
head.

The LOTOCOR routing protocol aims to max-
imize MANET’s node coverage in terms of geo-
graphical area, while ensuring connectivity among
nodes.

Our basic assumption is that, the initial network
topology is somehow defined to match this crite-
ria. In this case, each one of the nodes has a set
of known neighbours, each one of them located at
distance that guarantees that the node has a good
receiving sensitivity from them. Since all nodes
send data to the same sink node, probably, each
one of them have a particular preferred neighbour,
which is the one that is closer to the sink. In order
to maintain the physical topology, the node must
maintain the distance to its preferred neighbour
within a given limit, that we named as safety dis-
tance interval.

This basic communication scenario is depicted
in the figure 4: node A is the sink node and the
preferred neighbour is node that is in upper posi-

tion in the graph. The safety distance interval is
also illustrated for a particular node, node E.

Figure 4: Basic network topology: preferred neighbour and
safety distance interval.

Let us consider now, what might happened while
the nodes are moving in a flock.

In a first case, a node is moving away from its
preferred neighbour and, eventually, looses con-
nectivity. In such a case, the relative distance
between the two nodes reaches the value of the
maximum safety distance; the preferred neighbour
must move slower in order to maintain connectivity
and warns its neighbours so that its own preferred
neighbour can act accordingly.

In a different case, a node is approaching its pre-
ferred neighbour too much and the physical net-
work coverage is not the best. In this situation, the
relative distance between the two nodes reaches
the value of the minimum safety distance; the node
must move slower in order to maintain the network
coverage area and warns its neighbours so that its
own preferred neighbour can act accordingly.

The proposed architecture is represented in the
figure 5. It comprises both the routing and the
topology control components, defines their main
block and interactions.

The functions of each module in routing mecha-
nism are:

• Next Hop Selection: Here the data packet
to be transmitted are received and the best
node to forward the packet is retrieved from
the neighbour table. After the node has been
identified the data packet is transmitted to the
destination node.

• Neighbour Table: The neighbour table will
hold the information for all the one-hop neigh-
bour of the given node. The information that
will be stored in the table are: Node ID, Po-
sition of Node, Time-Stamp and RSSI value,
as well as a flag signalling the preferred node.
The previous table will be sent to the Neigh-
bour History module for the use in topology
control.
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Figure 5: Network Architecture.

• Neighbour Maintenance: The neighbour
maintenance module will transmit a periodic
hello broadcast message to the neighbouring
nodes with the node id, position, timestamp
and RSSI values. The communication is two
way thus, it will also receive the packets sent
by the neighbouring nodes.

This module holds the main connection to the
topology control as it is connected to the mon-
itor. Neighbour Maintenance module will send
the new received position of the neighbour
nodes to the monitor. It also receives the up-
dated position packet from the monitor to be
transmitted to other nodes.

When the nodes are mobile and constantly
changing the position, there could be a scenario
where the node may move away from the network
and thus, get disconnected. In such case, the
sender will not be able to find the destination node
and we will need the topology control to ensure that
there is no node moving away from the network.
The boids-flock mechanism is being used for that
purpose. The node will receive the position from
the beacon. The position of the node can be used
to identify the distance of the node. Hence, the dis-
tance can be used to maintain that node does not
move apart (move away from network) or come too
close (collision).

• Neighbour History Neighbour History mod-
ule keeps track of the previous position of the

node. This previous position is retrieved from
the neighbour table and saved. This saved po-
sition is then checked by monitor module to
compare the new position that it receives from
neighbour maintenance.

• Monitor Monitor, as the name suggest moni-
tors the position changes that the node makes.
The monitor module receives the updated po-
sition of the neighbour node from the neigh-
bour maintenance module and match it with
the previous position from the neighbour his-
tory module. If the difference is the signifi-
cant it will send to the position update module
and receive the new position. This new posi-
tion packet will be then send to the neighbour
maintenance module.

• Position Update: The position update module
does the calculation for the new position that
required to be changed as received from the
monitor module. Once the position has been
updated the movement control is sent to the
node and the node will send the acknowledge-
ment back. Then the new position is sent back
to the monitor module.

4. Results Analysis
In this section, the different results obtained from
the simulation with varying number of nodes and
along with the varying properties was tested. The
results received were as expected in terms of the
node movements and the communication between
the nodes.

The simulation with the three nodes showed that
the initial and final position of the node was as
expected. Figure 6 shows that, as the nodes in-
creased their distance to the optimal distance and
maintain it along with the maximum speed it could
move with.

Figure 6: Initial and Final position of node movement.

Figure 7 and figure 8 represents the graphs to
show the change in acceleration and speed of the
nodes respectively, to verify that the nodes were
moving at their maximum speed.
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Figure 7: Acceleration of the nodes.

Figure 8: Speed of the nodes.

The same simulation was repeated again but this
time using five nodes. With the five nodes also the
simulation went as expected and similar to that ob-
served with the three nodes. The change in accel-
eration and the speed was similar and as expected.

The difference that was observed between the
simulation of three nodes and five nodes is that the
number of packets received and sent. The figure
9 and figure 10 shows the packets received and
packets sent respectively by the sink node, Node 0
in the simulation of three nodes.

Figure 9: Packets received by the node 0.

The difference is observed as the simulator intro-
duces one node at a time and this means the pack-
ets are lost for the node that was introduced first.
Similarly when the node exits the simulator which
means that the node that is in-front would exit the
simulator first compared to the last node in the

Figure 10: Packets sent by the node 0.

topology. Thus the packets sent to the node that
already exited is lost. In veins the nodes broad-
cast the message to all the nodes in the range and
we use the preferred node concept. This leads the
packets receipt from the node other than the pre-
ferred node is just ignored. Thus the increase in
the number of nodes means more loss in the pack-
ets and was observed in the different scenario of
the nodes. The package delivery ratio (PDR) is in-
dicated below for the simulations performed above:

PacketDeliveryRatio =
TotalPacketsReceived

TotalPacketsSent

Figure 11 shows the comparison between the
two simulation performed above with three nodes
and five nodes. It indicates the total packets sent,
packets received and their packet delivery ratio.

Figure 11: Package delivery ratio comparison.

Finally the test was done by adding one more
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node in the simulation of five nodes. This addi-
tional node was provided with the different parame-
ter to test the simulation about what would happen
if some nodes move faster or slower. There would
be four case while testing this two in each scenario
of node moving faster and node moving slower.

If the node is moving faster and is placed at the
end then the node would slow down to avoid the
crashing with other node. Thus that would main-
tain optimal distance and move with the maximum
speed of the other nodes. In case of other sce-
narios where the fast moving node is placed in-
front of all nodes. Then the node moves out of
range before other nodes in the simulation would
appear and due to speed of other nodes, it would
never catch up with it. Thus, disconnecting from
the network. The other case where node could be
disconnected is the node moving slowly is placed
at the end. Similarly this node also gets discon-
nected as the node cannot catch with the other
faster node. The simulation of placing the slower
moving node placing in-front of all the nodes ini-
tially slowed down the network for communication.
Once the other nodes were moving at their maxi-
mum speed the node would go out of the range and
not being able to communicate with other nodes.

5. Conclusions

In the disaster scenarios the communication infras-
tructure are affected leading to the loss of com-
munication among the people trying to do the res-
cue or to the people trying to contact disaster re-
lief for help. For instance during forest fire, earth-
quakes or hurricanes the communication network
is totally or partially destroyed and thus isolating
the area from rest of the world. In such scenar-
ios the MANETs can be used to provide the com-
munication in the isolated areas. For that to be
achieved, the nodes in the MANET need to work
independently by maintaining their topology and at
the same time keeping the proper communication
between them.

After studying the different methods the boids
flocking was selected due to its advantage of the
separation, cohesion and the alignment of the
nodes. To have the connectivity among the nodes
the position based protocol called GPSR method
was selected. This method had low overhead and
used the shortest path first method. The next step
involved the study of the different simulators to test
these simulations. The VEINS framework was se-
lected, which combined two most popular and used
traffic simulator SUMO and network simulator OM-
NeT++.

Next, the architecture to be used was proposed.
The architecture was designed keeping the differ-
ent scenario of the node movement, their position,

RSSI and the distance. The node architecture can
be divided into two different category of routing and
topology control. In the topology control it receives
and sends the packets to the neighbour node and
updates the neighbour table with the new informa-
tion receives. Then the table is used to transmit
the data to the its neighbour. The topology control
module is used by the event triggered by the net-
work maintenance module. Once the event is trig-
gered the information is received from the neigh-
bour table and distance is calculated. Based on
the distance the packet is transmitted to the node
to change its speed or position.

Finally, the results for the performance of the
nodes in the simulation was done to achieve the
control of the topology. The simulation was per-
formed using different number of nodes and the re-
sults obtained was as expected. Then one more
node was added with different property to simulate
the fast or slow motion of the node. The node mov-
ing faster infront of all other nodes and the node
moving slower at the end of all other node was
soon out of the reach of the network. While the
node moving slow was placed ahead of all other
node, it slowed down the network and ultimately
was out of the range. The node that was moving
fast and was placed at the last was slowed down,
placed at optimal distance and with the speed of
other nodes. Further the packet delivery ratio of
the nodes was analysed with the conclusion that
the ratio decreased with the increase in number of
the nodes.

6. Future Works
The thesis tried to solve the issues but still have
areas to make the improvements. Thus, these im-
provements are kept for the future work.

• The nodes communicating is based on posi-
tion only as of now and thus, this could lead
to poor communication when the nodes are
close together but have some obstacle in be-
tween them. Using the RSSI value could in-
clude the extra parameter to for node to over-
come the issue faced due to the obstacle.

• The other improvements could be made for the
nodes to communicate with any of its neigh-
bour node instead of the priority node as pre-
sented in this thesis.

• The simulator currently used was for a ve-
hicular network and the network had to be
designed with the limitations. Thus, hav-
ing a simulator specifically designed for the
MANETs or Drones would provide the flexibil-
ity of the movements.
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