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ABSTRACT

The Opportunistic Network Environment (ONE) simulator is a
Java based simulator intended for research in Delay Tolerant
Networks (DTNs). Apart from allowing users to simulate
different DTN scenarios rapidly and in a versatile manner, it also
offers an easy way to generate results from the simulations
performed. Although the ONE simulator is widely accepted
among the DTN research community as a standard DTN
simulator, it supports only some limited features of DTN. The
current release of the ONE simulator (version 1.6.0) only
supports dissemination of messages with textual content over
unicast mode of communication. The propagation of messages
containing multimedia content and support for multicasting and
broadcasting mode of communication are still not included in it.
In this paper, we propose to implement the multicast and
broadcast modes of communication and dissemination of
multimedia content in the ONE simulator. We augment the ONE
simulator version 1.5.1 RC-2 to incorporate the proposed
features. Two sets of experiments are conducted to validate the
implementation of the proposed features. The experimental
results demonstrate successful implementation of both the
features in ONE simulator.
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1 INTRODUCTION
Delay tolerant networks (DTNs) are special types of mobile ad
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hoc networks which allow communication among intermittently
connected mobile devices where end to end connectivity
between the sources and destinations are non-existent. Apart
from that, DTNs are suitable for implementation in
environments which exhibit long or variable delay during
message dissemination, asymmetric link bandwidth and high
error rates due to frequent network disconnections. Due to these
characteristics, DTNs are considered to be a viable option for
communication in both urban scenarios where the cellular
network is overloaded, as well as in scenarios where cellular
infrastructure is incapacitated, such as in sparsely populated
rural areas, battlefields and during disasters [1-4].

Multicast and broadcast mode of communication facilitates the
dissemination of information to a group of users. Majority of
contemporary DTN applications are designed to operate in a
group-based manner and require support for group
communication. For example, in rural areas circulations of the
weather forecast and sophisticated cultivation techniques to
farmers are essential. In a battlefield, soldiers need to inform
each other about their surrounding environment. In a disaster
recovery scenario, dissemination of situational information
about victims and potential hazards among relief workers is
crucial. Although group communication can be accomplished by
disseminating separate unicast messages to each user, this
approach suffers from elevated network overhead. The situation
is especially acute in DTNs where resources such as connectivity
among nodes, available bandwidth and storage are usually
scarce. Moreover, in such application domains information
exchange is necessary in heterogeneous file formats.
Heterogeneity of file formats regarding information exchange
implies dissemination of multimedia content (images, audio and
video etc.) along with textual content over DTNs. Thus efficient
implementations of multicast and broadcast mode of
communications, as well as dissemination of multimedia content
are indispensable in contemporary DTNs research.

Simulations play a crucial role in analyzing the behavior of
DTN routing and application protocols. One hindrance for
research on DTNs is the deficiency of appropriate simulators.
Many simulators exist for MANETs (e.g. ns2 [5], ns3 [6] and
OMNeT++ [7]) and also for DTN routing (e.g. dtnsim [8] and
dtnsim2 [9]). The MANETs simulators offer limited DTN support
whereas the dtnsim concentrate solely on routing simulation.
Further, the performance of DTN routing and application
protocols fluctuate significantly, depending on the mobility
pattern of the nodes, density of the node population, and the



distance between the sender and the receiver. Therefore, there is
an acute need for a simulator that has realistic mobility
modelling capabilities, integrated support for DTN routing, and
simultaneous visualization of the simulation progress and
results. ONE simulator [10] is equipped with all these necessary
functionalities. In spite of the aforesaid advantages, ONE
simulator supports the dissemination of messages with textual
content over the unicast mode of communication only. In this
work, we implement the multicasting and broadcasting of
multimedia content in ONE simulator version 1.5.1 RC-2.

The rest of the paper is organized as follows. Section 2,
summarizes related work in this field. A brief overview of the
ONE simulator is presented in Section 3. The implementation of
multicasting and broadcasting is elaborated in Section 4. Section
5 describes the processing of multimedia content. Section 6
provides experimental results to validate our proposed
implementation. We conclude the paper with a direction towards
future work in Section 7.

2 RELATED WORK

Substantial amount of modifications has been implemented in
ONE simulator till date. However, the majority of those
modifications are aimed at implementing different routing
protocols, mobility models or content distribution mechanism.
To the best of our knowledge, the implementation of
multicasting and broadcasting of multimedia data in ONE
simulator has not been reported. Some of the important works
which report modifications in the ONE simulator are discussed
below.

Lindgren et al. [11] implement their proposed probabilistic
routing protocol (PRoPHET). The proposed protocol is able to
increase message delivery probability by selecting suitable
forwarder node based on the history of prior encounters. Nelson
et al. [12] implement encounter based routing (EBR) which
maximizes delivery ratio and minimizes network overhead and
delay and offers security against the black hole and DoS attack.
Garsic et al. [13] has modified the PRoPHET routing protocol
and introduces PRoPHETv2 which has improved the
performance of the PROPHET especially in heterogeneous
mobility scenario in terms of message delivery ratio and network
overhead. Moreira et al. [14] implement a Social-aware Content-
based Opportunistic Routing Protocol (SCORP) that considers
the users’ social interaction and their interests to improve data
delivery in urban, dense scenarios. All the aforesaid routing
protocols are designed to disseminate textual contents in the
unicast mode of communication.

Desta et al. [15] describe the implementation of content
distribution mechanism among fixed nodes as well as mobile
nodes in ONE simulator. Uddin et al. [16] has implemented a
post disaster mobility model in ONE simulator.

Popular network simulators for MANETs (e.g. ns2 and
OMNeT++) inherently support the multicast and broadcast mode
of communication. For instance, ns2 supports three types of
multicast route computation strategies (e.g. Centralized, Dense
and Shared Tree Mode). It uses a configurable parameter viz. the
multicast mode during simulation setup in order to enable

multicasting/broadcasting. Vesely et al. [17-18], describe the
implementation details of IPv4 multicasting in OMNeT++. The
implementation uses IGMP to manage membership in multicast
groups. DTN does not support IPv4 addressing. Therefore, the
popular IP based multicast group management protocols like
IGMP remain infeasible for implementation in DTN.

The abovementioned discussion reveals that, the majority of
the modification works in the ONE simulator are aimed at
implementing routing protocols for disseminating textual
content in the unicast mode of communication. These limitations
motivate us to implement multicasting and broadcasting of
multimedia content in the ONE simulator. The main
contributions of our work are outlined as follows:

e  Enhance the ONE simulator to implement multicast
and broadcast mode of communication.

e  Enable dissemination of multimedia content over the
simulator.

e  Validate the implementation of the proposed features
using realistic simulation.
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Figure 1: ONE simulator modules and their interactions.

3 OVERVIEW OF ONE SIMULATOR

In this section, we describe a brief overview of the ONE
simulator along with its architecture. The ONE is an agent based
discrete event simulator written in Java. Figure 1 depicts the
interaction among different modules within it. It consists of six
major modules viz. movement model, event generator,
simulation engine, routing, visualization and report.

The movement model module contains ten classes which
correspond to ten different mobility models that dictate how the
nodes move during simulation. The node mobility can be
controlled either by using the integrated movement models or by
importing movement data from external sources. This module
produces node location data and forwards this data to the
simulation engine. The node location data produced by the
movement model is used for determining if two nodes can
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Figure 2: Class diagram of multicast/broadcast implementation.

communicate and exchange messages. This connectivity data
produced by simulation engine is forwarded to the routing
module. The message events are generated through event
generator module. This module controls different configurable
parameters during message creation like creation time, message
size, destination range, frequency of message creation etc.
Themessages are always unicast, having a single source and
destination inside the simulation world. The routing module
consists of fourteen classes corresponding to different DTN
routing protocols e.g. Epidemic, PRoOPHET, MaxProp, Spray and
Wait, etc. The routing module performs operations on the
messages on their own, but they can also be commanded using
event generator modules or external traces. The movement
modelling and routing displayed the
simulator's visualization module. The report module assembles
results of the simulation for further analysis or interaction with
other programs.

The simulation scenarios contain a variable number of wireless
nodes having heterogeneous movement speed and transmission
range. Based on the movement speeds and transmission range
the nodes are assembled in node groups. Each group shares a set
of common configurable parameters such as message buffer size,
routing protocol, mobility model, number of nodes, etc. Since
different node groups can have different configurations, creating
a simulation scenario with node groups e.g. pedestrians, cars,
public transportation, etc. is possible. All movement models,
report modules, routing protocols and event generators are
dynamically loaded into the simulator. This feature enables the
extension and configuration the simulator with different types of
plugins much The implementation details for
multicasting, broadcasting and processing of multimedia data is
described in detail in the subsequent sections.

simulation are in

easier.

4 IMPLEMENTING MULTICASTING AND
BROADCASTING

In this section, we illustrate the implementation details of
multicasting and broadcasting modes of communication in the
ONE simulator. In general multicasting/broadcasting refers to
the forwarding of messages to a group of nodes/all nodes in the
network. However, due to the frequent network partitioning,
long transmission delay and node mobility in DTN, group
membership of nodes changes during data transfer regularly.
Hence, instead of making groups as destinations, node addresses
are treated as destinations for multicasting/broadcasting in our
implementation. Our proposed implementation consists of six
Out of these classes, three
(MulticastEventGenerator, MessageEventGenerator
MessageCreateEvent) are associated with the event generator
module. Two classes (MessageRouter and ActiveRouter) are linked
with the routing module. The Message class is connected with
the simulation engine module. Figure 2 presents the class
diagram of our proposed implementation. The implementation of
multicasting and broadcasting in the ONE simulator is organized
as follows: developing multicast event generator, modifying
routing module and modifying the settings file.

classes. six classes

and

4.1 Developing multicast event generator

As discussed in section 3, messages generated in the ONE
simulator are always propagated using unicast mode of
communication. Therefore, implementation of multicasting and
broadcasting requires developing a new message event generator
which is capable of creating messages with multiple destinations.
We have developed the MulticastEventGenerator class to
generate message events from a single source to a predefined set



of destinations. Figure 3 describes the MulticastEventGenerator
constructor. The MulticastEventGenerator class is a subclass of
MessageEventGenerator class which is responsible for creating
uniformly distributed message events. The subclass has various
configurable parameters such as message size, first messages
time, message source, message destinations and the intervals

public MulticastEventGenerator (Settings s) {
super (s) ;
this.destinationRange =
s.getCsvInts (MULTICAST DEST_ RANGE, 2);
this.toIds = new ArrayList<Integer>();

if (toHostRange == null) {
throw new
SettingsError ("Destination host (" + TO_HOST_RANGE_S + ")
must be defined");
}
for (int 1 = toHostRange[0]; i <

toHostRange[1l]; i++)
tolds.add (i) ;
if ((destinationRange[l]-

destinationRange[0]) != destinations) {
throw new
SettingsError ("Destination address range (" +
MULTICAST DEST_RANGE + ") and number of destination (" +
MULTICAST DEST_S + ") must be identical");

}

destination_list = new
int[] {destinationRange[0], destinationRange[l]};
Collections.shuffle(tolds, rng);

}

Figure 3: MulticastEventGenerator constructor.

between creating messages, etc. We have introduced a new
parameter, MULTICAST DEST RANGE to hold the
multicast/broadcast destination addresses list. Further, it has two
methods viz. drawDestAddress() and multicast_destination_list().
These two methods are designed for picking up the user defined
destination range from the settings file and verification of
destination address range respectively. The MessageCreateEvent
class is designed to generate message events based on the
parameters supplied by the user. This class accepts eight
configurable parameters from the settings file to generate
message events such as from, to, id, size, responseSize, time,
multicast, destination_list.

public MessageCreateEvent (int from, int to, String
id, int size, int responseSize, double time, boolean
multicast,int destination_list[]) {
super (from, to, id, time);
this.size = size;
this.responseSize = responseSize;
this.multicast = multicast;
this.destination_list = destination_list; }

Figure 4: Modified MessageCreateEvent constructor.

We have added two parameters (multicast and destination_list)
in the  MessageCreateEvent  constructor to  support
multicasting/broadcasting. Figure 4 presents the modification
applied on the MessageCreateEvent constructor.

The Message class in simulation engine module is responsible
for creating messages with different attributes provided by the

users in the settings filee In order to facilitate
multicasting/broadcasting, the destination address field of the

public Message (DTNHost from, DTNHost to, String id,
int size,ArrayList<DTNHost> destination_list) {
this.from = from;

this.to = to;

this.id = id;

this.size = size;

this.path = new ArrayList<DTNHost>();
this.uniqueId = nextUniqueld;

this.timeCreated = SimClock.getTime () ;
this.timeReceived = this.timeCreated;
this.initTtl = INFINITE TTL;

this.responseSize = 0;

this.requestMsg = null;

this.properties = null;

this.appID = null;

this.address_list = destination_ list;
Message.nextUniqueId++;

addNodeOnPath (from) ; }

Figure 5: Modified Message constructor.

message header must contain a set of addresses instead of a
single address. Therefore, we have modified the Message class
constructor and included the destination address list in it. Figure
5 presents the modified Message constructor.

4.2 Modifying routing module

The ONE simulator traditionally support unicast mode of
communication. Therefore, the messages are intended for a
single destination and when the messages reach to those
destinations they are not propagated further. The situation is
different for multicasting/broadcasting. Here, propagation of
messages is not terminated upon reaching to a single
destination. This implies, the messages are copied to one
destination node and then disseminated to multiple other
destinations in parallel. Hence, modification of the routing
module is indispensable. The routing module in ONE simulator
consists of two abstract classes (MessageRouter and ActiveRouter).
The MessageRouter class contains messageTransferred() method
responsible for terminating messages once reached to the
intended destinations.

We have modified the messageTransferred() method and
introduce a destination list in it. Hence, the messages intended
for multicasting/broadcasting are not terminated upon reaching
to a single destination.

The ActiveRouter class inherits the MessageRouter class. It
includes getMessagesForConnected() method responsible for
returning a list of message-connections tuples at any instant of
time. Modifications are made in this method in order to
implement multicasting/broadcasting.

Events2.class =MulticastEventGenerator
Events2.interval = 1

Events2.size = 50k, 250k

Events2.hosts = 2,2

Events2.prefix = INV_MW2_
Events2.multicast = true
Events2.nrofDestination = 23
Events2.destinationRange = 1,24

Figure 6: Modified settings file.
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4.3 Modifying the settings file

Figure 6 describes the snapshot of a sample settings file for
implementing multicasting/broadcasting in the ONE simulator.
This file stores the values of different configurable parameters.

We have included three parameters (multicast, nrofDestination
and destinationRange) in the settings file. The multicast is a
Boolean parameter which can take either true or false values. If
the value of multicast is set as false the simulator works in the
unicast mode. The nrofDestination is used to identify the number
of multicast destinations. If the nrofDestination parameter
contains the count of all nodes in the simulation environment
the simulator works in the broadcasting mode. The
destinationRange parameter indicates the range of the destination
addresses.

5 PROCESSING MULTIMEDIA DATA

In this section we illustrate the implementation details of
multimedia content (image) processing in the ONE simulator.
This simulator can only handle messages containing textual data.
It does not support the propagation of image files. Therefore, to
address this limitation we have transformed the image files into
text files. The conversion has been performed by transforming
the image into grayscale and storing the grayscale luminance
values in a text file. We have integrated OpenCV (Open Source
Computer Vision Library version 2.4.13) in the ONE simulator
for this purpose. OpenCV is an open source computer vision and
machine learning software library written in C++.

Our proposed implementation for multimedia data processing
is organized as follows: extracting text from image, modifying
simulation engine module and reconstructing image at the

destinations. Figure 7 depicts the class diagram of processing
multimedia data in ONE simulator. The proposed
implementation consists of six classes. Out of these six classes,
two classes (ActiveRouter and Reconstruct) are associated with
the routing module of the ONE simulator. Two classes (DTNHost
and Message) are associated with the simulation engine module
and two classes (MessageCreateEvent and Extract) are linked with
the event generator module.

public static void grayscale () throws IOException{
System.loadLibrary (Core.NATIVE_LIBRARY NAME) ;

Mat frame=new Mat ();int i=0,3j=0;
String strr,str,strrr;double row,col,gray;
String k;

strr="input/content/image.jpg";
frame = Highgui.imread(strr);
Size size =frame.size();
row=size.height;col=size.width;
FileOutputStream fos = new
FileOutputStream("input/content/image_data.txt");
OutputStreamWriter osw=new OutputStreamWriter (fos);
BufferedWriter bw=new BufferedWriter (osw);
for (i = 0; i <row; i++) {
for (j = 0; j <col; j++) {
double[] data = frame.get (i, j);
gray=(data[0]+data[l]+data[2])/3;
k=Double.toString(gray);
bw.write (k+" ") ;
}
}
bw.close();
osw.close();
fos.close();

Figure 8: The grayscale() method of Extract class.



5.1 Extracting Text from Image

In this section we present the procedure to extract text from
image file and generate messages containing those text data. We
have developed Extract class for this purpose. This class contains
grayscale() method responsible for extracting grayscale
luminance values from red, green and blue (RGB) luminance
values and storing the grayscale luminance values in a text file.
The transformation of RGB to grayscale is achieved by capturing
the arithmetic mean of the RGB luminance values for each pixel.
Figure 8 describes the grayscale() method. As the figure explains,
the gray variable stores the arithmetic mean of the RGB
luminance values for each pixel and writes them in the
image_data.txt file.

As mentioned in section 4.1 the MessageCreateEvent class is
designed to generate message events based on the parameters
supplied by the user through the settings file.

We have modified the MessageCreateEvent constructor to
facilitate the creation of messages containing data from the
image_data.txt  file. Figure 9 depicts the modified
MessageCreateEvent constructor. The MessageCreateEvent class
creates text files extracted form images for each message
generating nodes. The contents of those text files are appended
in the corresponding message body during generation of the
messages.

public MessageCreateEvent (int from, int to, String id, int
size, int responseSize, double time, boolean multicast, int
destination_list([]) {

super (from, to, id, time);

this.size = size;

this.responseSize = responseSize;

this.multicast = multicast;

this.destination_list = destination_list;

String k;
if (id.startsWith ("M")) {
try {
extract.grayscale();
s = new Scanner (new
File ("input/content/image_data.txt"));
content = s.nextLine();

}
catch (Exception e) {
System.out.println ("ERROR") ;
}
try{
k=Integer.toString (from);
FileOutputStream fos = new
FileOutputStream("Game/"+k+"/image data.txt");
OutputStreamWriter osw=new
OutputStreamWriter (fos) ;
BufferedWriter bw=new
BufferedWriter (osw) ;
bw.write (content) ;
bw.close();
}
catch (Exception e) {
System.out.println ("ERROR") ;
}

Figure 9: Modified MessageCreateEvent constructor.

5.2 Modifying simulation engine module

In this section we describe the modifications made in the
simulation engine module to facilitate propagation of the
extracted text files through the ONE simulator. The DTNHost
class is responsible for creating new DTN nodes in the ONE
simulator. We have modified the DTNHost constructor to
facilitate the creation of folders having names of the DTN nodes
in order to track the message propagation. The folders having
the names of the message generator nodes and relay nodes
contain text files extracted from images. The folders having the
names of destination nodes consist of text files and reconstructed
image files.

public Message (DTNHost from, DTNHost to, String id, int
size,ArrayList<DTNHost> destination_list, String content) {
this.content=content;
this.address_list = destination_list;
Message.nextUniqueId++;
addNodeOnPath (from) ;

Figure 10: Modified Message constructor.

The Message class is responsible for generating messages. We
have modified the Message constructor to append data from the
text files to the message body. The original ONE simulator does
not support the propagation of message content. It only uses a
configurable parameter size to represent the existence of textual
content. Figure 10 presents the modifications performed in the
Message constructor. As the figure explains, we have introduced
a string variable content in the constructor. This variable
retrieves the textual representation of the image from
image_data.txt. We have further developed a method
getContent() in the Message class to fetch the content from the
messages.

5.3 Reconstructing image file at destinations

Here, we illustrate the procedure of reconstructing the image
files at the destinations. The routing module is responsible for
propagation and delivery of messages to the destination. In our
proposed implementation, reconstructions of images form text
are carried out at destinations. Hence, we have incorporated the
reconstruction mechanism in the routing module of the ONE
simulator.

The ActiveRouter class of the routing module contains the
messageTransferred() method responsible for terminating
messages once reached to the intended destinations. Figure 11
indicates the modification performed in the messageTransferred()
method to facilitate reconstruction of the image file at the
destination. The figure indicates that reconstructImage() method
is invoked once the message reaches to the destination.

We have developed the Reconstruction class which reconstructs
image file from a text file. The Reconstruction class contains the
reconstructImage() method. This method accepts the data from
the extracted text file and reconstructs the corresponding image
file. The reconstructed image file is stored in the folders having
names of the destination nodes.



public Message messageTransferred(String id, DTNHost from) {
Message m = super.messageTransferred(id, from);
String data=m.content;
String to=getHost () .toString();
System.out.println(to);
try{
FileOutputStream fos = new
FileOutputStream("Game/"+to+"/image data.txt");
OutputStreamWriter osw=new OutputStreamWriter (fos);
BufferedWriter bw=new BufferedWriter (osw);
bw.write (data) ;
bw.close() ;
if (getHost ()== m.getTo()) {
System.out.println ("Reconstruction Started");
reconstruction.reconstructImage (to);
}
}
catch (Exception e) {
System.out.println("Message delivery error.");
}
if (m.getTo() == getHost() && m.getResponseSize() > 0) {
Message res = new
Message (this.getHost () ,m.getFrom(),

RESPONSE_PREFIX+m.getId(), m.getResponseSize(), m.content);
this.createNewMessage (res) ;
this.getMessage (RESPONSE_PREFIX+m.getId()) .setReques
t(m);
}
return m;

Figure 11: Modified messageTransferred() method.

6 PERFORMANCE EVALUATION

We conduct two sets of experiments to evaluate the performance
of the proposed implementation of the multicasting and
broadcasting of multimedia data in the ONE simulator. In the
first set of experiments, the performance of multicasting and
broadcasting of textual content in the ONE simulator is
evaluated. In the second set of experiments, we evaluate the
performance of content

(multicasting/broadcasting) through the simulator.
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Figure 12: Unofficial crisis map of Nepal earthquake. [19]

6.1 Simulation setup

The simulation environment is configured based on a snapshot
of the earthquake that occurred in Nepal on April, 2015. We
create our simulation set-up in ONE simulator [10], version
1.5.1-RC2, based on information provided by the unofficial crisis
map [19] regarding post-disaster relief operation carried out in
Nepal, at the Kathmandu area. Figure 12 presents a snapshot of
the unofficial crisis map of Nepal earthquake. On the map of the
disaster affected area of Kathmandu, seven camps are set up
within an area of 8.5 Square KM. Five volunteers are associated
with each camp. So, there are two types of nodes (fixed and
mobile) in our simulation scenario. Camps are fixed nodes and
volunteers are mobile modes. We consider PRoOPHET routing
protocol [11] and post-disaster mobility model (PDM) [16], for
the simulation. PDM proposed by Uddin et al. describes the
movement pattern of victims and rescue as well as relief workers
in a post-disaster situation. Other important simulation
parameters are provided in Table 1.

Table 1: Parameter values used in simulation

Parameters Values
Simulation Time 8 Hrs.
Number of nodes 42

Transmission Range 100 meters (High-speed interface)

Buffer Size 20 MB

Message TTL 720 min

One in every 12  hours
(multicasting/broadcasting of

Message Generation textual content)

rate One in every 25 hours
(multicasting/broadcasting of
multimedia content)

Mode of

L. Unicast, Multicast and Broadcast
communication

6.2 Results and discussion

In the first set of experiments, messages (textual content) are
generated from each camp nodes periodically (say once a day).
Disaster relief and rescue operations are generally carried out for
12 hours in a day during 6 a.m. to 6 p.m. So, once a day actually
implies a message in every 12 hours. The experiments are
conducted in three modes viz. unicast, multicast and broadcast
mode. We assume the existence of seven camp nodes in our
simulation scenario. Therefore, the number of messages
generated from the camp nodes for each of the three modes of
communication is seven. We assume messages are disseminated
to seven random nodes and twenty two specified nodes in
unicast and multicast mode respectively.
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Figure 13: Comparative performance of three modes of
communication.

Figure 13 compares the performance of unicast, multicast and
broadcast mode of communication in terms of the number of
messages delivered. As the figure explains, the number of
messages delivered to the destination through multicast and
broadcast mode in a stipulated time period is much higher
compared to the unicast mode of communication. We further
observe that the number of delivered messages is much higher
than the number of created messages in multicast and broadcast

modes of communication. The aforesaid outcome is only possible
if a single message is delivered to multiple destinations. This
implies the implementation of
multicasting/broadcasting in the ONE simulator.

In the second set of experiments, messages having multimedia
content (image files) are generated from seven arbitrarily chosen
volunteer nodes in every 2.5 hours. Hence, the total number of
generated messages within a simulation interval of 8 hours is 21.
Each message is disseminated to a randomly chosen volunteer
node in unicast mode, a group of fifteen volunteer nodes in
multicast mode and in broadcast mode.

Figure 14(a) and 14(b) demonstrates the comparison of
message stats reports during the dissemination of the textual and
multimedia content after eight hours of simulation in all three
modes. The figures clearly indicate identical phenomena during
both the textual and multimedia content dissemination (i.e. the
number of delivered messages is much greater than the number
of created messages in multicast and broadcast modes of
communication). This result is a clear indicator of successful
dissemination of multimedia content through multicast and
broadcast mode. Hence, the figure 14(a) and 14(b) undoubtedly
validate our claim of successful dissemination of multimedia
content in three modes (unicast, multicast and broadcast) of
communication.

successful

Figure 14: Message stats report of three modes of communication after eight hours of simulation for disseminating (a)
textual content and (b) multimedia content.
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Figure 15: Snapshots of original and reconstructed image
files.

Figure 15 presents a visual comparison of two image files
(original and reconstructed) at the source and destination node
respectively.

Thus, the two sets of simulation results clearly validate our
claim of implementing multicasting and broadcasting of
multimedia data in the ONE simulator.

7 CONCLUSION

In this work, we present the implementation details of
multicasting and broadcasting mode of communication as well as
the dissemination of multimedia data in the ONE simulator. We
enhance the ONE simulator version 1.5.1 RC-2 in order to
incorporate the proposed features. The enhancement has been
made primarily in three modules (i.e. event generator, routing
and simulation engine) of the simulator. Two sets of experiments
are conducted to validate the success of the proposed
implementation. While evaluating the performance, we focus on
two aspects i) evaluating the performance of multicasting and
broadcasting of textual content, ii) validating multimedia content
dissemination through the multicasting and broadcasting mode
of communication. The experimental results clearly indicate the
successful implementation of multicasting and broadcasting and
dissemination of multimedia data in the ONE simulator.

In spite of the proposed enhancements, the simulator has
several limitations. The propagation of video and audio files is
still not supported in the ONE simulator. Hence, processing
audio and video files in the ONE simulator may be implemented
as a part of future work.
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