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Abstract—In this paper, the main goal is to group similar mobile nodes distributive into a clusters, which can then exchange 
and share their resources, and achieve proficient routing in DTMNs (Delay-Tolerant Mobile Networks) which may lack in 
network connectivity. It’sdifficult to use DTMN’s to establish the reliable connections for data delivery since it lacks in 
connectivity.  Data transmission in a dynamic network like DTN to the destination node with less delay is the major problem 
to be addressed. Routing in DTMNs is based on nodal contact probabilities. So the basic idea is to utilize the nodal contact 
probabilities and form clusters. The cluster-based routing protocol is based on exponentially weighted moving average 
(EWMA) scheme is engaged for on-line updating nodal contact probability. Two Gateway nodes are selected for routing 
which acts as an interface between two clusters and performs data transmission. Simulations are carried out to evaluate the 
effectiveness and efficiency of the proposed cluster-based routing protocol. The result shows that the proposed system 
achieves higher delivery ratio and significantly lower overhead and end- to-end delay. 
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I. INTRODUCTION 
   

Delay Tolerant Network (DTN) is fundamentally 
an opportunistic communication system, where 
communication links only exists temporarily, 
rendering it impossible to establish end-to-end 
connections for data delivery. The data delivery could 
happen in the case of flat networks which is small and 
scalable but in the case of large networks this seems 
to be a failure. Flat networks use flat routing 
protocols which is limited to only small networks. So 
for large networks we propose DHR protocol which 
is advantageous than flat routing protocols. 

Since the communication links only exists 
temporarily in DTMN, it’s difficult to establish end-
to-end connections for data delivery. In order to 
overcome come this we introduce clustering 
mechanism in DTMN. The basic idea is to group 
mobile nodes with similar mobility pattern into a 
cluster which will reduce the communication delay 
and also help in load balancing. Grouping of mobile 
nodes with similar mobility pattern increases nodal 
contact probability among mobile nodes within the 
group, which can interchange their resource. Due to 
the lack of continuous communications and possible 
errors in the estimation of the nodal contact 
probability, convergence and stability become a 
major challenge in such cluster formation. The 
gateway node exchange network information and 
perform routing. Gateway nodes act as an interface 
between two clusters.   
To achieve the cluster based routing for DTN various 
clustering algorithm have been analyzed. However 
we have found that DHR (Dynamic hierarchy 
routing) protocol can be best utilized. A set of 
functions including Sync (), Leave (), and join () are 
devised to form clusters and gateway node selection  

 
is based on nodal contact probabilities. 

 

 
Figure-1A Typical Representation of WSN 

 
In a cluster there will be sensor nodes and gateway 

nodes as shown in Figure-1. The above mentioned 
functions are performed on the nodes present in the 
cluster. 
Let us now analyze the concept of clustering by 
taking a real time example. 

Let’s take an example of a college campus. 
Students spend their time in several locations in the 
campus such as canteen, library, and computer lab. 
So every student can be grouped based on his/her 
frequent visits to a particular location. When two 
students often go to library they are bound to meet 
often. So they can be put in one group which helps in 
connecting the two students efficiently. 

We in our paper introduce the community-based 
mobility model, where each node has its own home 
location that it visits most frequently, along with 
several elsewhere locations. Clearly, if two nodes 
share the same home location, they have high chance 
to meet each other. Thus real-life mobility patterns 
naturally group mobile devices into clusters. 
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We investigate distributed clustering and cluster-
based routing protocols for Delay-Tolerant Mobile 
Networks (DTMNs).In our protocol, an exponentially 
weighted moving average (EWMA) scheme is 
employed for on-line updating nodal contact 
probability. Extensive simulations are carried out to 
evaluate the efficiency of cluster-based routing. The 
results show that it achieves higher delivery ratio and 
significantly lower overhead and end-to-end delay, 
compared with its non-clustering counterpart. 
 
II. EXISTING SYSTEM 
 

Most DTN protocols are “flat”, where every node 
plays a similar role in routing. The flat architecture is 
simple and effective in small networks, but not apt for 
large sized DTNs. 

In the present DTN network, the communication is 
asynchronous where the nodes are partially connected 
to one another in the networks. Since the links only 
exists temporarily, it is impossible to establish end-to-
end connections for data delivery. 

To overcome the disadvantageous of the existing 
system, clustering has long been considered as an 
effective approach. It reduces network overhead and 
improves efficiency and scalability. 
 
III. PROPOSED SYSTEM 
 

A. CLUSTERING MECHANISM 
 
 Since our objective is to group all nodes with high 
pair-wise contact probabilities together and form a 
cluster, anode joins a cluster only if its pair-wise 
contact probabilities to all existing members are 
greater than a threshold value. Anode has certain 
functionalities like sync (), join(), and leave(). A node 
leaves the current cluster if its contact probabilities to 
some cluster members drop below the threshold 
value. 
We introduce our proposed clustering mechanism for 
DTMN, which undergoes the following steps. 
First, each node learns direct contact probabilities to 
other nodes. Second, a node decides to joinor leave a 
cluster based on its contact probabilities to other 
members of that cluster. 

Finally, once clusters are formed, gateway nodes 
are identified for inter-cluster communications. Two 
clusters communicate with each other through cluster 
gateways. 

In an intermittent environment, end-to-end 
connections do not always exist. This leads to several 
challenges for clustering and routing. They are: 
 
I. Online Estimation of Contact Probabilities: 

Pair-wise contact probability has been widely used 
as a routing parameter in opportunistic networks. We 
also make use of it in our algorithm. However, one of 
the major problems in DTN is how to obtain this 
parameter distributively. A naive approach is to keep 

the entire meeting history. We adopt a simple and 
effective approach, named exponentially weighted 
moving average (EWMA). A node maintains a list of 
contact probabilities for every other node, which it 
has met before. The contact probability is updated in 
every time slot. 
 
II. Fractional Clusters:  
 
Due to possible errors in the estimation of contact 
probabilities, many unexpected small size clusters 
may be formed. To deal with this problem, weemploy 
a merging process that allows a node to join a 
“better” cluster. 
 
III. Inconsistent Cluster Membership and Gateway 
Selection: 
 
The problem of inconsistency may appear in both 
cluster membership and gateway selection. Suppose 
node ‘I’ leaves the current cluster and joins a new 
cluster, the members of the previous cluster assume 
that the node is still a cluster member which is false. 
This may lead to loss of data. We deal with the 
inconsistency problems by employing a 
synchronization mechanism where nodes exchange 
and keep only the most up-to-date information. 
 
IV. Cluster Member with Low Contact Probability: 
 
Anode with a very low nodal contact probability may 
still appear in the member list of another node. When 
mobility pattern changes, but the member list is yet 
updated, the problem stated above may happen. A 
possible solution for this problem is to use timeout 
for membership binding. 
 
IV. CLUSTERING INFORMATION 
 

The cluster table consists of four fields, namely, 
Node ID, Contact Probability, Cluster ID, and Time 
Stamp. 

A node maintains its gateway information in the 
gate way table, with four fields: Cluster ID, Gateway, 
Contact Probability, and Time Stamp.  
 
B. DISTRIBUTEDCLUSTERING 

ALGORITHM 
 
The key part of the algorithm lies on the meeting 
event between any pair of nodes. A node then decides 
its actions subsequently. Specifically, a node will join 
a new cluster if it is qualified to be a member. 
Similarly, a node leaves its current cluster if it joins a 
new cluster, or it is no longer qualified to be in the 
current cluster. When two member nodes meet, they 
trigger the synchronization process to update their 
information. To this end, we define three main 
functions, 
1. Sync() 
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The Sync() procedure is invoked when two cluster 
constituents rally and both pass the association check. 
It is designed to swap and synchronize two local 
tables. The synchronization process is necessary 
because each node discretely learns network 
parameters, which may fluctuate from nodes to 
nodes. The Time Stamp field is used for the 
"enhanced" awareness of the network to deal with 
any disagreement. 
 
2. Leave() 

The node with subordinate stability must depart the 
cluster. The permanence of a node is defined to be its 
least amount contact probability with cluster 
members. The departing node then empties its 
gateway 
 
3. Join() 

The join () practice is employed for a node to join 
an "enhanced" cluster or to amalgamate two separate 
clusters. A node will join the other's cluster if it 
passes association check of all current members. By 
joining new cluster, it will copy the gateway table 
from the other node and update its cluster ID 
accordingly. 
 
Three events occur here 
1. Slot-timeout experience 
2. Meet a node experience 
3. Gateway outdate experience 
 
Slot time -out experience: 

A Slot-Timeout episode is generated by the finish 
of each ti me slot, triggering the practice of updating 
the contact probabilities by using the EWMA method 
Once the contact possibility are updated, the Gateway 
Update () process is invoked to update the gateway 
counter. 
 
Meet-a-node experience: 

The Meet-A- Node episode is generated upon 
getting the Hello message (exchanged between two 
meeting node). If both the nodes are same in the 
cluster then the relationship check function is 
summoned to confirm if they are still competent to 
stay in the same cluster. 
 
Gateway out-date experience: 

When the time Stamp of any node in the gateway 
table is older than average, A, a Gateway-Outdate 
Event is engender for that entry meeting. No 
imparting node is necessarily concerned 
 

C. CLUSTER-BASEDROUTING 
PROTOCOL 

 
CBRP (Cluster Based Routing protocol) is an on-

demand routing, where the nodes are divided into 
clusters. A Node S (source) has to send data to node 
D (destination). S sends route requests to all the 

neighboring cluster-heads, and only to the cluster-
heads. When a cluster-head receives the route 
request, it checks if the node D is I n his cluster. If 
this is the case, the cluster-head sends the request 
directly to the destination. But when D isn't in the 
cluster, it sends the route request to all the adjacent 
cluster- heads. In the Cluster Based Routing (CBR), 
when a node receives the reply of the destination to 
the source, it tries to find the farthest node in the 
route that is its neighbor. With this principle the route 
between source and destination can be reduced 
Three scenarios are considered:  
 
1. Intra-cluster routing 

If Nodes I and J are in the same cluster, they have 
elevated chance to meet each other, thus Node I will 
transmit the data message to Node j 

 

. 
Figure-2 IntraCluster Routing 

 
2. one-hop inter-cluster routing 

If they are not in the same cluster, Node ‘I’ will 
look up gateway information to Node J's cluster in its 
gateway table. If an entry is found, Node ‘I’ send the 
data message to that gateway. Upon receiving the 
data message, the gateway will forward it to any node 

 

 
 
Figure-3 OneHop InterCluster Routing 

 
3. Multi-hop inter-cluster routing 

If node ‘I’does not have any information about 
Node j, the data transmission needs a multi-cluster 
routing scheme. 

 
 

Figure-4 MultiHop InterCluster Routing 
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V. SIMULATION RESULTS 
 

We adopt the community-based mobility model 
with modifications to make it closer to reality. We 
compare few methods with our protocol. Simulation 
results show that cluster based routing is more 
efficient. 
CBR is being compared with PRoPHET 
(Probabilistic Routing Protocol using History of 
Encounters and Transitivity) and clustering with 
queues. 
The results are shown in Figure-5 and Figure-6 
Figure-5 shows the End-End delay. The results show 
that clustering will reduce the delay in transmitting 
the data from one node to another. 
Figure-6 shows the delivery ration in clustering based 
mobility model. It is found that clustering is more 
efficient and reliable. 

 
Figure-4 End-End delay 

 
Figure-4 Delivery ratio 

 

CONCLUSION AND FUTURE WORK 
 
We have investigated cluster-based routing 
mechanism in DTMN. The basic idea is to group 
mobile nodes that have similar mobility pattern into a 
cluster. The nodes in a cluster can then share their 
resources among themselves. Due to the lack of 
continuous communications among mobile nodes, 
efficiency of communication among the nodes 
becomes amajor challenge in distributed clustering in 
DTMN. So we deploy an exponentially weighted 
moving average (EWMA) scheme for on-line 
updating of the contact probabilities. Based on 
contact probabilities, a set of functions including 
Sync(), Leave(), and Join() has been devised for 
cluster formation and gateway selection. The gateway 
nodes are meant to exchange network information 
and perform routing. Simulations have been carried 
out to evaluate the efficiency of the proposed cluster-
based routing protocol.  
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