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Abstract— The main aim of this paper is to design and implement Spray and Wait protocol for the VDTN and  evaluate 
the   performance    of the   same.   Here   in this   paper   we   will   be developing and showing the result for Spray and 
wait protocol. Vehicular delay tolerant networks have been created for spray and wait protocol. Performance is measured in 
terms of delivery probability and average delay. The effeect of increase in relay nodes and number of cars has been 
studied. 
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I. INTRODUCTION 

 
Wireless networks have enabled a wide range of 
devices to be interconnected over vast distances. 
Today, it is possible to connect from a cell phone  to  
millions of powerful servers around the world. As 
successful as these networks have been, they still 
cannot reach everywhere, and for some applications 
their cost is prohibitive. The reason for these 
limitations is that current networking technology relies 
on a set of fundamental assumptions that are not 
true in all environments. The first and most 
important assumption is that an end-to-end connection 
exists from the source to the destination, possibly via 
multiple intermediaries. This assumption can be 
easily violated due to mobility, power saving, or 
unreliable networks. For example, if a wireless 
device is out of range of  the  network, it  cannot 
use  any  application  that  requires  network  
communication [1]. 
 
II. DELAY TOLERANT NETWORK 

 
Delay tolerant network (DTN) is a type of wireless 
mobile network that does not guarantee the existence 
of a path between a source and a destination at any 
time. When two nodes move within each others 
transmission range during a period of time, they 
contact or meet each other. When they are out of 
each others transmission range, the connection is lost. 
The message to be delivered needs to be stored in the 
local buffer. The message delivery in this kind of 
network is multi-hop and the connection between 
nodes is non-predictable [2]. One of the major 
properties of delay tolerant networks (DTN) is that 
there does not always exist a complete path from 
a source to a destination. What all existing 
communication solutions in DTN share in common is 
that mobile nodes must be exploited 
 
 
 

 

 
Fig. 1.    DTN model 

 
to carry messages around the network to overcome 
path disconnection, which refers to store-carry-and-
forward scheme. Most solutions for routing in DTN 
are reactive approach, where nodes rely on their 
inherent movements to disseminate data when nodes 
encounter each other. Due to unpredictable 
m o b i l i t y , this random behavior leads to low 
delivery rates and large delays [3]. Examples of this 
sort of network include interplanetary networks, 
wildlife tracking and habitat monitoring sensor 
networks, and etc [4]. DTNs deal with 
communication in extreme and performance-
challenged environments, where continuous end-to-
end connectivity cannot be assumed. In a DTN, 
nodes use opportunistic connectivity over 
i n t e r m i t t e n t    links   for communication. Such   
opportunistic   links   are   generally   provided   by 
mobile routers.  They offer connectivity by acting as 
data mules to carry data to and from servers with 
continuous network connectivity (i.e., Internet access).  
There are many applications for DTNs.  In 
developing  regions,  especially rural  areas,  they  
can  be  used  to  provide  network  access for  
education,  health  care  or  government  services.  
They can also augment low bandwidth Internet 
connections to transfer large files at low cost, while 
using the Internet connection for control messages. 
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DTNs are also applicable in vehicular ad-hoc 
networks and undersea communication [5]. Fig.1.   
shows   a   hypothetical    village    served   by   a 
digital  courier,  a wired  dialup  Internet  connection,  
and  a store-and-forward  LEO satellite  .These  
satellites  have low to moderate bandwidth  (around  
10  Kbps)  and  are  visible for  4-5  short  periods  of  
time  passes  per  day  (lasting around 10 minutes per  
pass,  depending  on the  orbit  inclination  and  
location on  Earth).   We  call  the  opportunity   to  
communicate   a contact,   which  is  characterized   
by  duration  of  time,  a capacity,  and a 
propagation  delay.  In addition,  depending on the  
type  of connection  used,  buffering  constraints  may 
also need to be considered.  The digital courier 
service represents   a   high-bandwidth,   high latency 
contact,  the dialup represents  a low-bandwidth,    
low-latency   contact, and   the   LEO   satellite   
represents a moderate-bandwidth, moderate-latency 
contact.  The problem of selecting which contacts   to   
carry   messages   and   when   represents   an 
instance   of the DTN routing   problem.   Route 
selection may depend on a variety of factors 
including message source and destination, size, time 
of request, available contacts, traffic in the system, 
or other factors [6]. 
 
III. RELATED WORK   
 
In this paper [8],the performance of epidemic,two-hop 
relaying and  binary  spray  and  wait  routing  is 
studied  within  the framework of a non-cooperative 
environment.Cooperation is modeled as the node’s 
probability  either to drop a message copy upon its 
reception and/ or to forward the message copy at a node 
encounter. The sensitivity of the nodes to 
cooperation is measured b a s e d  on  two metr ics.  
It  is  shown   that epidemic  routing, which seems 
to  outperform  the  others with  respect  to  the  
achieved delivery delay at the cost of significantly 
increased  transmissions,  is the most sensitive one  
regarding the induced number  of  transmissions; 
the binary spray and wait algorithm  is the most 
sensitive one regarding mean delay; on the other 
hand,  the two-hop relaying  algorithm  is  shown  
to be the least sensitive  to cooperation algorithm.  
Moreover, it is shown that by applying and fine-tuning  
a simple  mechanism  that  takes  advantage of the 
knowledge on the cooperation of the nodes within  
the network  the performance  of routing  may be 
considerably improved. In this paper [9], we 
analyzed propose of a DTN routing protocol   
SMART.   SMART   uses   travel companions of the 
destinations to increase the delivery opportunities.  
In the  first  phase  of  SMART,  a fixed number of 
copies of a message  are  injected  into  the  
network  to  forward  the message to the 
companions of the destination. In the second phase 
of SMART, a companion of the destination only 
forwards  the message  to a fixed number of the 

destination’s companions.  Our analysis and 
simulation  results show that SMART  has a higher  
delivery  ratio  and  smaller  delivery latency   than   
opprtunis tically  controlled-flooding schemes  
and has a significantly  smaller  routing  overhead 
than pure flooding This paper [10] deals with a new 
routing protocol called  ANBR. From a global view,  
a  general  disconnected    network can    have    
many    small   instantaneously clustered mobile 
nodes. Mobility allows nodes carrying messages to 
deliver them to other clusters.  Selecting appropriate 
nodes to carry and deliver messages becomes 
important in order to reduce message delay and 
overhead. The proposed ANBR tackles this issue by 
utilizing articulation nodes among a local sub- graph 
formed by including all neighbors of two “meeting” 
nodes. Articulation nodes are the articulation points 
or cut vertices of this local sub-graph, and by 
definition are the nodes, whose removal will 
disconnect the graph. Thus, these articulation  nodes  
are  more  likely  to  be  able  to  deliver messages  
outside  the  local  cluster.  Packets  will  be  buffered in  
these  nodes  and  forwarded  to  other  articulation  
nodes when   they   meet.   The   process   repeats   
until    messages reach   their   destinations.   The   
simulation   results   show that    ANBR    algorithm    
performs    better    than    related protocols    in    
terms  of  delivery  rate  and  efficiency  To solve  
routing   jitter   problem   in   PROPHET   in   delay 
tolerant  network,  advanced  PROPHET[11]  routing  
is proposed   in   this   paper.   Average   delivery   
predictabilities are used in advanced PROPHET to 
avoid routing jitter Furthermore, we evaluate it 
through simulations versus PROPHET routing 
protocol. The experimental results show there has 
higher average delivery rates and shorter average 
delays i n  a d v a n c e d  P R O P H E T .  Thus, i t  i s  
f a i r  t o    say that   advanced   PROPHET   gives   
better   performance than PROPHET. This   paper   
[12]   proposes   a   Bayesian   classifier   based DTN    
routing    framework    that    adopts    a    methodical 
approach  for  computing  the  routing  metrics by 
utilizing the network parameters that capture  the  
periodic  behavior of  DTN  nodes.  After the 
calculation of routing metrics, different routing 
instantiations are possible based on this framework.   
We   simulate   a   real-world   vehicular   DTN 
network    using    mobility    traces    from    a    
metropolitan public transportation bus network and 
demonstrate   that   even a   simplistic   single-copy   
forwarding   scheme   based   on our     framework     
outperforms     existing     gradient-based single copy 
schemes by 25% in terms of delivery ratio. 
 
IV. ROUTING IN DELAY TOLERANT 

NETWORK 
 
There are following routing methods 
1) Pickup and Delivery Method: In this method 
regular nodes are grouped into teams and one team 
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leader (TL). In addition to these nodes, there exist a 
set of courier vehicles (or nodes). We assume that 
every node has a short-range radio, and courier 
vehicles and TLs have long-range radios. Short- range 
communication is employed within a team, and 
between a TL and a nearby courier. Long-range 
communication is employed between a TL and a 
courier. When a regular node s needs to send a 
message to a destination regular node d belonging to 
a different team, s first forwards the message to its 
TL s. Then, s requests pickup and delivery service 
from a courier vehicle c via long-range radio. When s 
and c are within short-range communication distance, 
s forwards the message to c via the short-range radio. 
Next, c delivers the message to the destination TL d 
when c and d are within short- range communication 
range. Finally, d forwards the message to the 
destination node d. We assume that courier 
vehicles have limited message cache capacity, and 
each message is associated with a deadline. 
Furthermore, there is a system- wide fixed cache 
timeout period for messages. Messages are discarded 
if their deadline or cache timeout has expired.  
2) HUM Routing Method: HUM has three phases 
listed below: (i) Replicate phase: For every packet 
originating at a source node, packet copies are 
initially replicated to distinct random chosen 
neighbors. If the destination node is among these 
neighbor nodes, the transmission is completed.  
Otherwise, it goes to the forwarding phase. (ii) 
Forwarding phase: For every node in the system, it 
will hold a utility vector that record the meeting 
possibility value for every other node it has met. 
The utility vector indicates how  likely  this  node  
will  be  able  to  meet  other  nodes. Based on these 
utility information, each copy of the packet is 
forwarded to the node with a higher utility of the 
destination node until one of those copies arrive at the 
destination node. (iii) Clear phase: After the  
transmission is completed,  the destination node 
sends a message or piggybacks it on other packets 
back to the system to delete the offloaded packets in 
their buffers. This message includes the identifiers of 
the offloaded packets received by the destination 
nodes. (3) Epidemic Routing: Each node consists of 
message list, m- list and the immunity list, i-list  both 
are lists of message ids. The immunity list contains 
message ids for those messages that are already 
delivered to their destination. Using the two lists, the 
individual nodes compile and exchange the message 
list they want from the other node. After receiving 
both nodes modify their m-list and i-list. At the end of 
a successful exchange, both nodes will have the same 
set of messages and their immunity lists modified to 
show receiving message. 
(4) Delegation Forwarding: Method: Each node is 
assigned a quality and a level value. The quality 
value of a node can be decided using node 
frequency. Initially, the level value of each node is 
equal to its quality value. During the routing process, 

a message holder compares the quality of the node 
it meets with its level. It only forwards the 
message to a node with a higher quality than  its  
level.  In  addition,  the message holder also  raises  
its  own  level  to  the  quality  of the higher quality 
node. 
(5) Spray and Wait Method: This method consists of 
two phases 
(i) Spray phase: For every message originating at a 
source node,  message  copies  are  initially  spread    
forwarded by the  source  and  possibly  other  nodes  
receiving  a  copy   to distinct relays. 
(ii) Wait phase: If the destination is not found in 
the spraying phase, each of the nodes carrying a 
message copy performs direct transmission (i.e.  
will forward  the  message only to its destination). 
 

V. PROPOSED WORK 
 
The motivation for this work comes from the idea that 
placing relay  nodes  at  crossroads allows  data  
deposit  and  pickup by  passing mobile nodes, 
which will  increase the delivered messages 
(probability) to the final destination. Delay   Tolerant   
Networks   (DTN)   are   a   class   of networks  
designed to address several challenging connectivity 
issues such as sparse connectivity, long or variable 
delay, intermittent connectivity, asymmetric data 
rate, high latency, high error rates and  even  no  
end-to-end  connectivity.  The DTN architecture 
adopts a store-and-forward paradigm and a 
common bundle layer located on the top of region-
specific network protocols in order to provide 
interoperability of heterogeneous networks 
(regions). In this type of network, a source node 
originates a message (bundle) that is forwarded to 
an intermediate node (fixed or mobile) thought to be 
more close to the destination node. The 
intermediate node stores the message and carries 
it while a contact is not available. Then the 
process is repeated, so the message will be relayed 
hop by hop until reaching its destination. 
A. Vehicular Delay Tolerant Network Model 
In this paper we exemplify the use of a Vehicular 
DTN (VDTN) to provide asynchronous 
communication between mobile nodes and relay 
nodes, on an part of a city (Fig.2). Mobile nodes 
(e.g., vehicles) physically carry the data, exchanging 
information  with  one  another. They can move along 
the roads randomly (e.g. cars), or following 
predefined routes (e.g. buses). Relay nodes are 
stationary devices located at crossroads, with store-
and-forward capabilities. They allow mobile nodes 
passing by to pickup and deposit data on them. We 
can also envision the possibility for the relay nodes 
to be able to exchange data with each other, and at 
least one of them may have a direct access to the 
Internet 
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Fig. 2.VDTN model 

 
B.  Spray and Wait Protocol 
This protocol has been implemented for spray  and  
protocol The performance for the number of relay 
nodes increases the number of connectivity 
opportunities increases which in terms increases  
message delivery probability. First we compared 
the results for message delivery probability for 
different relay nodes,and then we compared the 
results for average delay for different number of relay 
nodes. 
 
C.  Simulation Inputs 
The following simulation input parameters are used 
in evaluating the performance of our proposed work. 

(1)Total mobile nodes( cars) N = 40 units 
(2) Total relay nodes ( constant) R = 30 units 
(3) Transmission range between car and car  = 
60 units (4) Transmission range between relay 
and car = 150 units (5) Distance between two 
relay node = 100 units 
(6) Buffer size of car 
=150 MB (7) Buffer 
size of relay = 500 MB 
(8) Message size = 500 
KB 
(9) Simulation time = 200 units 

 
D.  Simulation Procedure 
In this scheme,used MATLAB tool to simulate 
our proposed scheme. N number of mobile nodes 
are generated. R number of relay nodes are 
generated. 
Set buffer size of relay as 00MB. Set buffer size of 
car as 150MB. Distance between two relay nodes as 
100 units. Calculate distance between relay and car. 
Setup a communication path between car and relay, 
car and car. 
If relay is in the range of car exchange information. 
If car is in range of another car exchange 
information. Calculate total number of contacts. 
Calculate total received messages. 
Calculate total number of transmitted messages. 
Calculate message delivery probability using Calculate 
average delay. Flowchart of the simulation procedure is 
shown in fig.3. 
 
E. Performance Parameters 
The various network performance parameters 
considered in this scheme are as follows [7], 

(i) Message delivery probability: It is ratio of 
total number received messages to the total number 
of transmitted messages. 
 
MDP = received messages / transmitted messages 
 
(ii) Average delay: It is the mean of all delays. 

 
 

Fig. 3.Spray and Wait Protocol 
 
F. Results and Discussion 
Table 1. shows the performance analysis of Message 
Delivery Probability     and     Average     Delay     
for     the     cars 20    and  40. From table it   can 
be   analysed   that   the Message   delivery   
probability   goes   on   increasing   as no. of relays 
goes on increasing. 
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Table 1.Effect of change in no. of relay nodes 
and vehicals on message delivery probability and 
average delay for spray and wait protocol. Fig.4. 
shows the Performance analysis for Delivery 
probability against  number  of  nodes  for  
15,20,25,30,35,40 cars    respectively.It shows  that  
the  probability of  delivery increases the  total  
number  of  relay  nodes  in  the  network increases. 

 
 

Fig. 4.  Effect of change in no. of relay nodes on message 
delivery probability. 

 
Fig.5. shows the Performance analysis for Delivery 
probability against  number  of  nodes  for  
15,20,25,30,35,40 cars.   It   is  observe   that   the   
probability   of   delivery increases   the   total    
number    of    relay    nodes    in    the network  
increases.  probability of delay in minutes is directly 
proportional to the total number of relay nodes in the 
network. 

 
 

Fig. 5.   Effect of change in no. of relay nodes on 
message delivery probability 

 
 
 
 
 
 
 
 
 
 
 

 
CONCLUSION 
This paper,presents study of impact of relay nodes 
on a VDTN.Several simulations were conducted 
varying the number  of  mobile nodes, and 
deploying a different number of relay nodes in 
predefined map locations. It was observed that 
increase in relay nodes and no.of mobile nodes 
significantly improve the message delivery 
probability of the routing protocol.however it 
adversly affect the average delay parameter. 
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