
Abstract
The tunnel is a subway where the people travel by train for 
long distance. The likely scenario for the people could be the 
absence of communication over the network while crossing 
the tunnel. The network which is exclusively for those tunnel 
travelers, has been highly indispensable. The discrimination 
based on locality of the members may form the  crew and the 
data transmission could be possible through radio waves. To 
ensure that tentative and dynamic tunnel’s network  one should 
take clustering and mobility prediction into consideration for the 
efficient communication over the ad hoc scenario. The focus of 
this paper is to bring out  the supportive point of view to accept 
C-AODV as a suitable protocol for the tunnel’s network which 
has been built on top of clustered nodes. 
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I. Introduction
The tunnel has been a part where the wired network has 
been out of place. The business people feel that the time has 
precious value to decide the growth factor  of the business 
they put their hands on. There are situation arises for the 
people to communicate with their co-workers through wireless 
environment when they pass by the tunnel. This scenario comes 
with the assumption that the co-workers would also pass by 
the same tunnel. The objective is to create  a collaborative 
work ambience for the crew which comes across the tunnel. 
The protocol supportive and suits for this scenario would be 
C-AODV, has been felt and realized. This protocol comes to offer 
the  communication  within the groups who are differentiated 
by their positions. This study has dealt the impact of mobility 
property of the nodes on this network for the tunnel.
This paper has been orchestrated as follows. The section 1 
briefs out the tunnel situation and the assumption. The section 
2 deals with some routing protocols for wireless network and 
their incompatibility for this application. The section 3 describes 
the C-AODV as an ideal protocol . The section 4 illustrates and 
elucidates the tunnel’s network. The section 5 gives a critic 
on QOS of the tunnel’s network. The section 6 puts down the 
future direction  of  this study. The last section wraps up with 
the concluding remarks.

II. Related Work
The wireless network protocols fraternity starts with the 
DSDV protocol[8]. This protocol suffers due to the looping of 
packets inside the network creates havoc in communication. 
This also creates duplicated packets wandering across the 
nodes of the network. To rise above this bottleneck the packet 
sequencing mechanism has been introduced in this protocol 
to come out with the fruitful results. This protocol has one 
more issue to put the functionality of this on the down side. 
This would be routing of packets periodically  to update the 
nodes, will result to network traffic and ultimately devises a 
slow down on the network performance. Thus, There was a 
need to  locate an improved protocol on DSDV desperately. 
This thirst made us to end up with the DSR[7] protocol which 
has eliminated the setback of the DSDV. It has avoided the 
storage of routing details in all the nodes the message passes 

by. Further this reactive scheme works on need based routing 
mechanism which ultimately helps to reduces the bandwidth 
consumption over the communication. when the source 
sends RREQ packet towards destination while crossing some 
nodes the interrogation will happen on the route table of the 
intermediate nodes. The intermediate nodes can reply to the 
source by sending RREP packet while the route table has the 
entry towards the destination. The bottleneck of the DSR was 
header of the packet grows linearly when the route discovery 
process encounters several nodes. Apart from this fall down 
this protocol holds the expired routes or invalid routes entry 
in the route cache which leads to havoc. These observations 
force us to go head with the process of finding a protocol which 
takes goodness of DSR and DSDV, also puts off the downside 
of  those two protocols. It has brought up the protocol AODV 
[4,9] as a solution provider. The protocol AODV has successfully 
swept the problem of invalid entry away from the route table by 
attaching time limit  tag to each entry. But still it couldn’t handle 
the header growth problem efficiently. This has created a way 
to lay road ahead of AODV protocol. It has clearly understood 
that the header growth can be cut down by reducing the no 
of crossing nodes. This can be achieved through divide and 
conquer technique means dividing the network physically in to 
the clusters. This concept has devised C-AODV [1], a protocol 
for the physically clustered wireless network.   

III. C-AODV
The clustering at the network level clearly a boosting  
phenomenon on the performance of the network has been 
very well realized. The major benefit that we receive through 
clustering functionality has come as a reduction in header 
length of the packet. As the header grows uncontrollably may 
end up with the reduction in network speed since the bandwidth 
consumption will grow along with the growth of the header part 
of the packet. The ultimate objective is to make not to get into 
such behavior of the network. In order to obtain saluting to the 
problem that we need to face, It is needed to reduce the network 
size in to small but the existing nodes of the network shouldn’t 
be given up. The mechanism by name clustering has been 
identified  to limit the growing header across the nodes of the 
network. The clusters will have its own representatives called 
as cluster-heads serve as an intermediate nodes between two 
clusters. The head will take the responsibility on delivering the 
packet to the respective node. The route discovery process 
while identifying the cluster head it will feel relieved  and leave 
the job to cluster-head. The cluster-heads need to maintain all 
the nodes comes under the cluster. The route discovery process 
initiated by the source will move across the cluster-heads and 
check out whether the entry list has the destination node under 
it’s route cache. Thus, the cluster based AODV improves the 
performance of the wireless ad hoc network.

A. Cluster Creation Procedure (CCP)
The cluster creation has been based on the number of nodes 
falls within the specific radius by keeping the cluster-head 
as center. The cluster-head [2,5] choice has been decided 
based on the one hop neighbors count from the cluster-head. 
This heads are having a supportive mechanism to act as a 
gateway[6] to communicate with the neighboring cluster-heads. 
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The procedure to create clustered ad hoc network as shown 
below.
1.Initialize  radius of the cluster Cr.
2.Randomly choose a node Mi at the    
    position  (xi,yj) as  Cluster-head.   
3.For each node Mi exists adjacent to the  
     Cluster-head
      If ( Cr < distance(M i  , Cluster-Head))
                  Add the node M i  into Cluster Ck.
                  Count  M i  for each cluster-head.
4.Elect the node which has high count as 
     cluster-head.
5.Repeat the steps  2 through 4 for   
     formation of  various clusters.              
The procedure shown above tells that the cluster construction 
has been based on the distance between the nodes and its 
cluster-head. The distance factor has been measured in terms 
of hop counts between the nodes.  The procedure has come up 
with the limiting factor  which tells that the hop count between 
the nodes and cluster-head could be one as the maximum 
value. If the node falls out of that boundary  may be put on 
different cluster which also follows same phenomenon. The 
mobility property can be decided based on mobility procedure 
which initiates the necessary steps to handle the moving nodes. 
The node Mobility has been one of challenging property of the 
node when the focus is on ad hoc networks. It is necessary 
to have some approach about the link break by the node and 
moves away from the specific cluster. This can be computed 
based on the LET [10] of  the node from its cluster-head as 
shown in the Table 1.
This network suits very well for the tunnel(subway) where the 
ad hoc communication is the possible situation. The travelers 
who cross by the tunnel need to work collaboratively  when they 
are at different locations but within the tunnel.
The fig.1 illustrates the tunnel’s network where the cluster 
CH1 has 3 nodes namely L1,L2 and L3. The node L2 has 
been considered as Cluster-head. The cluster CH2 has L4 as 
cluster-head and two more nodes L5 and L6.
The cluster-head is located one hop away from remaining nodes 
of the cluster. The cluster-heads can communicate through 
gateway. This gateway mechanism  has been integrated with the 
node which plays the role of cluster-head. The likely scenario 
could be such that at any time the cluster-ead may move or the 
nodes belong to cluster may move across the clusters. 

IV. Clustered Network For TUNNEL

Fig.1 : Tunnel’s Network 

Cluster-head sends its ID periodically. This will be added to the 
data list as shown in Table 2. In case of the absence of the 
message from Cluster-head then this will indicate movement of 
the nodes or cluster-head. If the cluster-head had moved then 
node can predict position of cluster-head based on mobility 
prediction procedure. If the node has moved away from cluster-

head then it has to wait till which gets the ID and position from 
the next cluster-head  to which the node may associate.

Table 1 : Link Expiration Time Table

Cluster-head Nodes LET HOP

 L2 L1 4 1
L2 L3 3 1
L4 L5 5 1
L4 L6 3 1

Table 2 : Data List        

Cluster-head Nodes ID
(xi,yi)
Position of 
CH

L2 L1 CH1:L2 x1,y1
L2 L3 CH1:L2 x1,y1 
L2 L1 CH1:L2 x2,y2
L2 L3 CH1:L2 x2,y2
L2 L1 CH1:L2 x3,y3  
L2 L3      -        -

A. Mobility of Cluster-head 

Fig.2 : Mobility of CH

B. Mobility Prediction Procedure:
1. Input  the data from data list.
2. Find the distance between two 
    successive x    
       (xj, xi) Co-ordinates and y co-ordincates.
        In general Form,
            Xd = ∑   [ xj  – xi ] / N  
                     i,j
               i = 1…..N-1,  j = i+1…..N
            Yd = ∑   [ yj  – yi ] / N  
                     i,j
               i = 1…..N-1,  j = i+1…..N
3. The new (Xd,Yd) as the predicted  
     position.
4. These distances are used to find the xnew
     and  ynew.
               xnew = xn + xd;   ynew = yn + yd;
    [xn,yn]: last node position from data list. 
5. Add the new position (xnew,ynew) to the    
     prediction list.

The data list will be taken as input then next position of the 
cluster-head can be computed. At time period T the Cluster-
head might have moved to the distance Xd and Yd. The new 
position of cluster-head could be predicted with the help of the 
above mentioned procedure. 
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The new position (xnew,ynew)would be the predicted node 
position after the time period T.  This new node position gets 
added to the prediction list [3] as given below in Table 3.

Table 3 : Prediction List

Cluster-
head Nodes ID

(xi,yi)
Position of 
CH

L2 L3 CH1:L2 x1,y1 
L2 L3 CH1:L2 x2,y2
L2 L3 CH1:L2 x3,y3

The above prediction list shows the previous CH position and 
also predicted position. Based on this prediction there is a 
possibility to come to know whether the nodes in a cluster 
be able to communicate. If predicted position falls out of the 
boundary in which node L3 exist then the communication with 
the CH1 is no longer possible. 

C. Mobility illustration

Fig. 3:  Mobility of L2: CH1

The fig.3 shows the pictorial representation of the CH1 
movement in different directions. The dotted lines indicate the 
possible path after predicting the distance which supposed to be 
away from (x2,y2). This prediction may  help to decide whether 
the nodes belong to the cluster will be able to communicate 
or not. 

D. Mobility of Node

Fig. 4 : Mobility of Node L3

Table 4 : Mobility of Node L3
Cluster-
head

ID Node T i m e 
lap
sed

(xi,yi)
Position of 
CH

L2 CH1:L2 L1   2 x1,y1
L2 CH1:L2 L3   2 x1,y1 
L2 CH1:L2 L1   4 x2,y2
L2      - L3   4         -
L2      - L1   6        -
L4 CH2:L4 L3   6 x3,y3       

This scenario has been similar to the previous but the node 
L3  moves away from the cluster instead of the cluster-head. 
The messages from CH1 to node L3 doesn’t reach indicates 
the movement of the node L3.While moving on its waypoint if it 
has happen to receive the message from neighbor cluster-head 
CH2 then this node L3 will become member of that cluster This 
has been illustrated with the help of fig.4 & table 4.

V. QOS of Tunnel’s Network
There are several parameters which affects the quality of this 
network functionality which is making use of cluster based AODV 
protocol. Since the problems of forward and backward control 
packets towards destination apart from data packets doesn’t 
exist as for as this protocol is concerned. It will reduce the 
bandwidth consumption for sending the message between pair 
of nodes. The resources are reserved when typical applications 
are handled for instance multimedia data transmission. Further 
the clustering will also reduces bandwidth consumption of 
the network since the header growth is confined to the size 
of the cluster. All these aforementioned positive things about 
using cluster based AODV will ensure smooth , efficient and 
reliable transmission between pair of node across the clustered 
network for the tunnel.

VI. Further Enhancements
The application of C-AODV protocol for tunnel network would be 
very effective when the mobility has been considered seriously. 
The mobility prediction mechanism on tunnel networks have 
to be further studied and results could be improved. 

VII. Conclusion
This paper describes the C-AODV as a suitable protocol for 
subway(Tunnel’s) network. The Cluster formation algorithm has 
been described to ushers that the role of clusters on network 
scalability. The C-AODV functionality has been studied and  also 
shown that how this protocol perfectly fit for the real world 
application. The mobility predication algorithm reveals the 
mobility scenario handling method.    
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