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1. Introduction 

 

Wireless network is an emerging technology by virtue of which use
regardless of their geographic position. Wireless networks can be
based network and infrastructure less (ad hoc) networks. 

Infrastructure based networks consist of fixed and wired gateway
network, called the base station, within its communication radius.
communicating. When it goes out of range of one base statio
communicating through it. This phenomenon is called handoff
communication, the base stations are fixed.  

In contrast to the infrastructure based networks, in ad hoc net
dynamically in an arbitrary manner. All nodes of these networks
receivers, and take part in discovery and maintenance of routes to
are projected to play a vital role in applications like search-and-
platform battle deployment, mobile sensors or satellite networks wh
required in inhospitable terrain. 

To communicate between two arbitrary nodes in a mobile ad-ho
Since the mobile nodes move frequently hence it may so happ
another node that node may fall outside the range of communica
routing in MANET is essential. The current focus of many researc
ensure node connectivity all the time or whenever required without

There are many existing routing schemes for MANET that can
proactive routing, reactive routing and dynamic cluster based routin

Whenever no concept regarding the network topology is availab
because flooding based routing protocol does not require any kno
less robust under light traffic conditions. However, in case of large
thus it becomes difficult to achieve flooding reliably. Proactive rout
where each node pre-computes the route to every possible desti
the cost. The protocol also periodically broadcasts routing informa
increases network traffic in highly dynamic networks. Several mod
to minimize the traffic [1]. M.Joa-Ng and I.T.Lu proposed a zone b
into several non-overlapping zones. Although proactive routing 
topology, it does not scale well to large and highly dynamic networ

Reactive routing is a very lazy on-demand approach in the sense 
destination and uses query-response mechanism to find the route
is a good example of reactive routing [7]. In this approach overh
finding for highly dynamic networks. Several reactive routing pr
proposed association based reactive routing [8] to find a stable rou
association with the source node were considered to find a route.
is another reactive routing scheme where multiple nodes from so
control messages to a very small set of nodes. Some of the earlier
to find stable route. The main drawback of reactive approach com
route setup time and also the large volume of control traffic, which 
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rs can access information and services electronically, 
 broadly classified in two types, namely infrastructure 

s. A mobile host communicates with a bridge in the 
 The mobile unit can move geographically while it is 
n, it connects with a new base station and starts 
. In this infrastructure based approach of wireless 

works all nodes are mobile and can be connected 
 behave as routers, besides being the usual trans-
 other nodes in the network. Mobile Ad-Hoc Networks 
rescue operations, meetings and conventions, multi-
ere quick sharing of information or data acquisition is 

c network, routing through mobile nodes is required. 
en that when some node wants to transmit data to 
tion of the transmitting node. This is the reason why 
hers is to find an efficient routing protocol which will 

 much delay and unnecessary overhead. 

 be divided into four basic types namely flooding, 
g [1, 2]. 

le, then flooding based routing can be incorporated 
wledge about the network topology. It can be more or 
 network it generates excessive amount of traffic and 
ing protocol is basically a table driven routing protocol 
nation as well as the path to be followed to minimize 
tion throughout the network. This approach however 
ified proactive routing protocol have been suggested 

ased routing protocol [6] where the network is divided 
protocol can ensure high quality routes in a static 

k. 

that it takes a long time to find a route from source to 
. Ad-hoc on-demand distance vector (AODV) routing 
ead may increase significantly due to frequent route 
otocols have been proposed so far [1, 2]. C.K.Toh 
te. In this approach only those nodes that are in long 

 The temporary ordered routing algorithm (TORA) [9] 
urce to destinations are calculated by localizing the 
 works have also introduced transmitter range control 
pared to proactive routing is the significant delay of 

is required to support route query mechanism. 



 

In dynamic cluster based routing protocol [10] the network is dyna
maintain a stable effective topology. Several clustering algorithms
the criteria used to organize the clusters, such as prediction of nod

However, none of the proposed schemes guarantees constant ne
these schemes have constant route maintenance overhead. A pa
case.  

In this proposal, we suggest an efficient self-adaptive moveme
retention of network connectivity even during the positional var
movement coordinator in the network to direct the movement o
fashion that the distance from any node to the coordinator do
maximum range of movement will ensure that, two particular node
remain so during the movement too. Eventually, the path between
movement and hence the routing overhead can be eliminated. 

The primary motive of our project is to implement a protocol-
the above-mentioned protocol and will maintain communicat
routing overheads. 
 
 
 
 
 
2. Materials and Methods  
 
 
 
Each individual node in MANET is a mobile trans-receiver. In our 
stepwise whenever required. The algorithm uses three transmissi
and sending control messages and the highest range to send actu
reside within the middle range from the movement coordinator. 
 
 
 
2.1 Software 
 
In this part of our project, we propose our algorithm and present th
 
 
2.1.1 Proposed Algorithm 
 
The proposed algorithm is divided into two parts: the coordina
Following assumptions are made in connection to the algorithm: 
 

• All the nodes of the network are moving in the same direct
• All nodes have a maximum velocity Vmax with which they c
• The nodes are assumed to undergo acceleration and dece
• If the nodes are within appropriate communication range, t
• At the start of the movement, there must be at least one n

the zone of stability, as shown in Figure 1 in section 2.1.1.
• Every node in the network knows the total number of node
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mically organized into partitions known as clusters to 
 are also proposed, which differ from one another in 
e mobility etc. 

twork connectivity during the movement and each of 
rticular node may even be disconnected in the worst 

nt control algorithm of mobile nodes to ensure the 
iation of the nodes. The key concept is to elect a 
f the other nodes. The nodes must move in such a 
es not exceed a predefined maximum value. This 
s those were neighboring nodes at the beginning, will 
 any two nodes will not change throughout the entire 

specific mobile ad hoc network, which will follow 
ion within a group of mobile nodes, without any 

project, a node can also vary the transmission range 
on ranges, the lower two for maintaining connectivity 
al message packets. Each node of the network must 

e necessary theoretical and mathematical framework. 

tor election algorithm and the movement algorithm. 

ion. 
an rush.  
leration instantaneously.  
he messages will surely reach them.  
ode whose distance from all the other nodes is within 
1. 
s in the network. 



 

This algorithm prescribes three different ranges for communication, (i) Shortest Range – for transmitting HELLO 
messages, (ii) Mid Range – for transmitting Instruction messages and (iii) Longest Range – for transmitting data packets. 
 
As per Lemma 1 in section 2.1.2, we take the proportion of the ranges as follows. 
Longest Range : Mid Range : Shortest Range  =  100 : 50 : 40  
 
 
 
2.1.1.1 The Coordinator election Algorithm 
 
The zone of stability is defined as follows. This is required for stability, which is proved in Lemma 4 in section 2.1.2. 
 
 
 
 

e 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: The zone of stability 
 

Here, X is the radial distance between Short Range and Medium Range. 
Any node, whose distance from all other nodes in the network is within the stable zone as de
being the coordinator before the network starts moving. All the nodes are provided with a
eligible node having the least number is chosen as the coordinator in case of any conflict. Tw
elect and conflict are defined to elect the coordinator. 
 
At the beginning of the movement, all nodes broadcast an elect message to all other nodes u
communication. A node that receives the elect message from all other nodes automatically b
the coordinator. If multiple nodes are eligible for being the coordinator, the conflict situation aris
with the least number is elected as the coordinator. All the nodes, which are eligible to be a c
message to all other nodes along with a unique number, and thus all the nodes come to know
other nodes. The eligible node that finds that all the other eligible nodes have numbers more
the coordinator. Then it sends the normal start message to all other nodes.  
 
 
 
 
 
2.1.1.2 The Movement Algorithm 
 
The algorithm defines four types of control messages, namely HELLO-message, START-mess
RUSH-message. However, there are two types of RUSH messages: RUSH1 to rush for an inte
rush for an interval of T, where the time interval T is the time to cross the distance X, a
predefined maximum velocity Vmax.  
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Coordinator 

fined above, is eligible for 
 unique number and the 
o extra messages namely 

sing the shortest range of 
ecomes eligible for being 
es. In this case, the node 

oordinator, send a conflict 
 about the eligibility of the 
 than it declares itself as 

age, STOP-message and 
rval of T/2 and RUSH2 to 
s stated earlier with the 



 

Each node sends HELLO message to the Coordinator perio
communication range. The coordinator sends other Instructio
communication range. On receiving the START message, a node
RUSH message to a node indicates that the node must move with
of rushing is determined by the two different RUSH messages. Evi
 
Once the coordinator is elected, it sends a START message to all
the START message the network starts moving. Henceforth, the m
 
Step 1:     The coordinator listens to the HELLO messages from

HELLO message from some nodes, it assumes t
communication range from it. 

 
Step 2: On the assumption that the nodes have moved ahea

other nodes the RUSH1 message and rushes along w
 

 
Step 3: If the coordinator receives the next HELLO message f

message to all the nodes and starts normal moveme
either from all or from the some of the stopped nodes
but have been left behind. So it sends a RUSH2 mess
other well-connected nodes. The coordinator itself als
rushes with the predefined maximum velocity Vmax for 

  
Step 4: After the above mentioned two steps, the nodes 

communication from the coordinator would surely com
no emergency situation has crept in (proved in Lemma

 
Step 5: If at this stage, the Coordinator does not receive HELL

an emergency situation (may be an accident) and plan
 
The flowchart of the proposed algorithm is shown in figure 2. 
 
 
 
 
 
 
2.1.2 Lemmas 
 
 
Lemma 1:   Mid-Range Selection 
 
The radius of the mid range of communication should be ha
maintaining neighborhood criterion. 
 
Proof:   We can say that two nodes are neighbor to each other o
range from each other, that is, when they can exchange data pac
the extreme position of any two nodes, provided that they maintai
range from the coordinator, is when they are in the diametrically o
and are located just at the circumference of the mid range circle
neighboring ones at this position too. So, the diametrical distance
the longest-range radius. For maximum mid range diameter, we
longest range. This proves the lemma. 
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dically with a period of T/4, using the shortest 
n messages to other nodes using the medium 
 can decide to move with its own preferred velocity. 
 the predefined maximum velocity Vmax. The duration 

dently a STOP message stops a node. 

 other nodes in the network. After each node receives 
ovement algorithm is as follows: 

 all the other nodes at a period of T/4. On missing     
hat those nodes have moved out of the shortest 

d, the coordinator first stops those nodes, sends all 
ith the well-connected nodes for a time interval of T/2. 

rom the nodes those were stopped, it sends a START 
nt. On the other hand if next HELLO is not received 
, coordinator detects that those nodes are not ahead 
age to each of them and sends STOP message to all 
o stops. The nodes that receive the RUSH2 message 
a time interval of T. 

those had moved out from the shortest range of 
e back within the shortest range of communication if 
 2 in section 2.1.2). 

O message from some of the nodes, then it declares 
s accordingly. 

lf of that of the longest communication range for 

nly when they are within the longest communication 
kets freely among themselves, without routing. Now, 

n the stability criterion, that is, they are within the mid 
pposite directions with the coordinator at the centre, 
. But, as per our algorithm, the nodes must remain 

 of the mid range circle must be equal to or less than 
 take the mid range radius to be half of that of the 
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Figure 2: Flowchart of the Mo
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Lemma 2:   Achieving Convergence 
 
In case of any node going outside the shortest range of com
proposed algorithm makes it converge within the zone in no m
 
Proof:   As we have stated the maximum time of convergence as 
our lemma. Let us suppose that when the last HELLO message w
shortest-range circle, ahead of the coordinator. In the worst ca
coordinator was static. Then, after the period T/4, the node will m
message is not received for this position. Now, the coordinator com
connected nodes towards this node, with rushing velocity Vmax, for
of X/2 and surely catches up with the divergent node. So, the 
divergent node is ahead of the coordinator. 
 
On the other hand, let us suppose that when the last HELLO mes
of the shortest-range circle, behind the coordinator. In the worst ca
moving with the maximum velocity Vmax. Then, after the period T/4
HELLO message is not received for this position. Now, the coordi
the well-connected nodes away from this node, with rushing veloc
a distance of X/2 and leaves behind the divergent node by a tota
does not receive the HELLO message, and it commands the div
while remaining static itself along with all the well-connected node
this time T and surely comes back into the shortest zone. So, the t
 
As we have considered the worst possible situations on both the 
convergence of a node is always less than or equal to 3T/2. This p
 
 
 
 
Lemma 3:   Maintaining Convergence 
 
Once a divergent node is converged with the help of this alg
not diverge again for a successive time interval of T/2. 
 

             Proof:   As shown in the Lemma 1, it is seen that in the worst-cas
coordinator and diverges, it comes back to a position within (and
Again, when the node is primarily behind the coordinator and dive
on) the circle after convergence.    
 
We can clearly see from the cases above that the distances of th
circle are given by - Case Ahead:  X/2 – X/4 = X/4     and   Case B
 
So, even if the worst-case scenario prevails and the relative veloci
the node will take a time interval of T/4 to reach the edge of the cir
convergence of a node by this algorithm, it is ensured that the 
interval of T/4 + T/4 = T/2. This proves the lemma. 
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munication with respect to the coordinator, this 
ore than a time interval of 3T/2.  

3T/2, we will take the marginally worst cases to prove 
as received from the node, it was at the edge of the 

se, let the velocity of the node was Vmax while the 
ove away further by a distance X/4 and the HELLO 
mands the node to stop and rushes with all the well-

 a time T/2. Hence, the coordinator covers a distance 
total time needed for convergence is T/2, when the 

sage was received from the node, it was at the edge 
se, let the node was static while the coordinator was 
, the node will move away by a distance X/4 and the 

nator commands the node to stop and rushes with all 
ity Vmax, for a time T/2. Hence, the coordinator covers 
l distance of X/4 + X/2 = 3X/4. Again, the coordinator 
ergent node to rush with Vmax for a time interval of T 
s. Hence, the trailing node covers a distance of X in 

otal time needed for convergence is T/2 + T = 3T/2. 

ends, we can state that the total time required for the 
roves the lemma. 

orithm, it is ensured that the particular node will 

e scenario, when a node was primarily ahead of the 
 not on) the shortest zone circle after convergence. 
rges, it also comes back to a position within (and not 

e positions (after convergence) from the edge of the 
ehind:  X – (X/2 + X/4) = X/4.  

ty between the Coordinator and the node is Vmax, then 
cle and another T/4 to diverge again. Hence, after the 
node does not diverge again for a successive time 



 

Lemma 4:   Stable Zone 
 
If a node is within the zone of stability as defined before, it w
after divergence. 
 
Proof:   Let us take the route of contradiction by assuming the who
case, if we consider a node on the circumference of the circle for w
then we will find that it has a strong tendency for divergence. That
it is deviated by even a very small amount, the algorithm will fa
problem as Meta-Stability.  
 
Now, as per the definition of the zone of stability in our algorithm, t
band of length X/2 instead of just a point. Hence, in the worst case
coordinator is Vmax, then the node on the band will move to a po
process of converging the node, the distance between the initia
Lemma 3 in section 2.1.2). Hence, having the band of length X/2 a
stable point on the band with the help of our algorithm. This proves
 
 
 
 
 
2.2 Hardware  
 
 
The overview of the network is shown below. We will be buildin
communicating among themselves. The network will be a protoc
retaining mutual connections between the nodes throughout their m
 
 
 
 
 
 
 
 

AlgorithADC Transducer 
Audio 
Signal 

 
PIC 

Receiver Decoder Algorithm DAC

 
 
 
 
 

 
Figure 3: The Block Diagram 

 
 
 
Each mobile node for the ad hoc network will be structured using a
interfaced with the trans-receiver modules. The components we ar
 
1. PIC 16F877 micro-controller as the processor 
2. The Analog to Digital (ADC) and Digital to Analog (DAC) chips 
3. Dual Tone Multi Frequency (DTMF) generator IC - UM91214B a
4. Audio transducers like Microphone and Speaker 
5. Power amplifier 
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ill either be stable or can be made stable easily 

le circular region to be the zone of stability. In such a 
hich the direction of motion is tangential to the region, 

 node will have just one point in the stable zone and if 
il to bring it back to that very point. We define this 

he node with the tangential velocity is provided with a 
, if the relative velocity of the node with respect to the 
sition outside the zone and become unstable. In the 
l and the final node positions will be X/4 (proved in 
t our disposal, we can surely bring back the node to a 
 the lemma.     

g the network consisting of five nodes those will be 
ol-specific network using our proposed algorithm for 
ovement.  

m Code Generator Transmitter

PIC

Power Amplifier Transducer
Audio 
Signal

of a Mobile Node 

 micro-controller as the basic processor, which will be 
e going to use for implementing such a node are: 

nd Keypad 



 

 
The basic structure of each node of the MANET is shown in the a
is converted to analog electrical signal by means of the transducer
PIC microcontroller. The microcontroller generates the code requir
onto the transmitter. The transmitter performs FSK on the digital w
technique. In the receiver part of the node, the received signal is
PIC microcontroller. After decoding the signal, the microcontroller
algorithm and feeds the signal to the DAC. The converted anal
through the transducer (generally a speaker). 
 
 
 
 
 
3. Project Flow: Modules 
 
 
Different modules of the project are discussed below: 
 
3.1 Protocol Design 
 
As this project is concerned with the implementation of a protocol-
the protocol designing part. We have already completed this m
adaptive topology management scheme, in the ‘Materials and Meth
 
 
3.2 Software Coding and Protocol Simulation 
 
Before implementing our algorithm onto the real hardware networ
coding of the algorithm is done in C programming language and t
this module too. The simulation result is shown below: 
 

 
Figure 4: Simulation

 
 
In the simulation result, the distances of the four member nodes fr
can be seen that the members can move with their preferred rand
margin, but the movement coordinator controls their movements a
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bove figure. At first, the audio signal to be transmitted 
. This signal is digitized using the ADC and fed to the 
ed to send according to the coding logic and passes it 
aveform and transmits it using Frequency Modulation 
 demodulated and the digital waveform is sent to the 
 responds to the message according to the proposed 
og signal is amplified and audio signal is generated 

specific MANET, the module of primary importance is 
odule and have presented our algorithm, the self-
ods’ section of this synopsis. 

k, we have simulated it through software coding. The 
he simulation platform is MS-DOS. We have finished 

 

 result 

om the coordinator are depicted against time scale. It 
om velocities when they are within the shortest zone 

nd stabilizes the network whenever any member goes 



 

out of this range. It is also projected that the maximum time to stab
verifies the claim of the proposed algorithm. Again, the claim of co
as no node goes outside the Mid Range of radius 50 units. Hence
algorithm. 
 
 
3.3 Hardware Design and Implementation 
 
The hardware design is based on our algorithm itself, and hence t
nodes, as mentioned in the Hardware Materials portion previous
controllers as the basic processor along with trans-receiver module
 
 
3.4 Network Testing 
 
The complete network, once prepared, will be tested by implement
the network will be carried out in practical mountaineering applicati
 
 
 
 
 
4. Discussions 
 
 
So far, in our project, we have completed the first two phas
discussed above. We have already formulated the algorithm on wh
the algorithm on a software platform and have obtained encourag
previous section. The last three phases of hardware design, implem
 
 
 
 
 
 
5. Conclusion: Results Expected 
 
 

• At the successful completion of the project, it is expected 
Network which will support our proposed scheme 
mountaineering, rescue operation, battlefield and also in 
direction.  

 
• Precise methodology for designing the MANET will also

 
• We also intend to extend the range of our MANET from 

which can be used as a backbone for the performance co
generation of a more efficient and robust routing pro
advantages and disadvantages of different protocols.    

 
• It is also expected that the system will be used in practic

communication within a group of mountaineers in the inhos
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ilize the network is 3T/2 = 15 units in this case, which 
nstant connectivity between the nodes is also verified 
, this simulation result depicts the effectiveness of our 

he network will be a protocol specific one. The mobile 
ly, will be implemented with the help of PIC micro-
s interfaced with it. 

ing the proposed algorithm onto it. The final testing of 
ons. 

es, that is, have finished the first two modules as 
ich the MANET will operate. We have also simulated 

ing results. The simulation results are provided in the 
entation and testing are yet to be done.     

that we will have a protocol-specific Mobile Ad-hoc 
which is specifically suited for applications like 
other fields where all nodes are moving in the same 

 be developed as the output of the project. 

this protocol-specific network to a common platform, 
mparison of various routing protocols, resulting in the 
tocol for MANET. This study will also point out the 

al application oriented fields like - for maintaining 
pitable terrains. 
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