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Abstract— Opportunistic Networking (OppNet) is one of the
most interesting evolutions in the field of computer
networking where moving devices are able to converse in the
absence of a connecting route. The routes are dynamically
built despite the fact that the messages are on the way
between the sender and the recipient. Any potential node can
be used as a relay if it brings the message closer to its
destination. Such requirement makes it an interesting and
highly challenging research field without any underlying
predetermined network infrastructure. A novel routing
protocol with the underlying concept of energy consumption
is proposed, wherein the message packets are transmitted
taking into consideration the node’s available energy and the
message hop count. Performance of the proposed protocol is
then compared with the other available routing protocols to
study the performance through results achieved in terms of
delivery probability, overhead ratio, buffertime average,
latency average and hop count average.
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I. INTRODUCTION

Opportunistic Networking (OppNet) is a very remarkable
evolution of MANETs [1], with movable nodes
communicating in spite of any route failure or even being
non-existent. The nodes have no information about the
underlying set of connections. Any potential node that aims
in carrying the communication nearer to its target can
opportunistically be used as a next hop. Such constraint
makes it an appealing and demanding research field to
facilitate communication connecting source and destination
devoid of any permanent network infrastructure.

The concept of Disruption Tolerant Networking
emerged through the study of inter-planetary communication
[2] which provided further impetus to the research studies in
the field of OppNets. The most significant challenge is the
proficient consumption of resources, that is, the question of
scheduling of resources, based on the priority of tasks and
common dependencies. Information is carried in an
opportunistic manner when individuals with portable devices
move around in an area, thus exploiting their mobility [3]. To
experiment with network protocols, architectures and
movement models in a real world scenario is not an easy task
because of the intricacies in such a network environment.

Computer simulation has become the primary and
cost effective tool for the evaluation of OppNet performance.
Hence, most of the research in the domain relies on extensive
simulations to validate the ideas. Authors in [4] have
provided a very comprehensive explanation regarding the
opportunistic network environment simulator, a Java based
simulator for evaluating the OppNets. ONE simulator brings
together the movement models, contact among nodes,
message handling, visualization and routing protocols in a

single package and also offers a diverse analyzing and
reporting modules. Discrete-Event type of Simulation refers
to the dynamic, disconnected and stochastic kind of
simulations [5], that is, system modeling over a period of time
wherein the condition changes instantly at points in time
when events (instantaneous occurrence which may alter the
system state) occur.

1. MOTIVATION

The process of routing uses energy for storing, sending and
receiving of packets and performing computations for taking
decisions. Few nodes may be limited in energy supply
because of their mobility or being at locations not easily
connected with power. In such a case, routing approaches
which send fewer amounts of data and carry out lesser
calculations is supposed to be more efficient in energy. In
case of any network environment constrained with resources,
consumption of every part of that resource is ought to be
effectively utilized. Consumption of energy, a metric of
network life time, thus holds a significant place. Node
mobility, failure of connections, battery discharge etc are few
factors which affect the nodal connectivity within a network
environment. Whensoever a link breaks, it is not easy to
predict about when it may again become available for data
transfer. Owing to such constraints, common transport
mechanisms are not much useful and for that reason, fresh
alternatives must be explored to design precise transport layer
based approaches that provide reliability with speedy and
efficient delivery essential for a number of applications and
services.

I1l. PROPOSED MEGH ROUTING PROTOCOL

The existing routing protocols like the Direct Delivery, First
Contact, Epidemic, Spray-and-Wait, MaxProp or PROPHET
work in an ideal state assuming that the nodes have an ever-
lasting working time. However, in real-life circumstances,
nodes do get discharged with time and usage, they may even
get corrupted due to errors and may even expire. Therefore,
in the instant study, such factors have been considered to
design the proposed protocol to be more realistic, by keeping
in mind the most important resource of energy or battery
consumption for optimum utilization. The name MEGH
(synonymous with the term ‘cloud’ in the Hindi language) has
been so selected because there are no physical connections
between the different nodes or devices and the entire
transmission of messages occurs just like the rain droplets or
snowflakes emerging out of the clouds.

The energy amount spent in scanning the other
nodes and further transferring of message packets are defined
as input parameters along with the initial energy for nodes.
Hence, each node has an Initial_Energy at the beginning.
Scan_Energy is the energy utilized by a node in the scanning
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process, that is, to update its knowledge about its neighboring
nodes. Further, Transmit_Energy is the energy utilized in
transferring a message to another node.

Another  important  parameter taken into
consideration is the hop count. Since each participating node
acts as a router in OppNet, the sender node is considered as
the first hop. A higher hop count leads to network congestion
thus making the network less stable [6]. A high hop count
leads to a lower performance as an excess of message
transferring leads to clogging in the underlying network [7]
and the message packets get dropped or eliminated. However,
even a route with the least hop count is not always the best in
terms of performance [8]. A high network load by way of
increased network density affects the overall network
bandwidth as well [9]. For example, when the buffer space
runs out, message packet copies get discarded leading to
decline in the delivery rate. Thus, a tradeoff is there in terms
of message lifetime (TTL) and the buffer storage space. A
check on the number of hops is also essential to prevent the
network from various kind of denial of service attacks such
as the blackhole attack [10] and hence is helpful from the
network security perspective as well.

Algorithm for the proposed MEGH routing protocol
is as shown below. It takes into consideration the existing
energy of each node whenever it encounters a message for
transmission. The message is either dropped or transferred by
taking its hop count value into account. When the energy
level is-above 90%, messages up to a certain hop count level
are transmitted. When the energy level is between 80%-90%,
messages with a certain higher hop count are transmitted.
When the energy level is between 70%-80%, messages with
even higher hop count are permitted to be transmitted. In the
instant case, when the energy level of a node goes below 70%,
there is no restriction on the hop count and all the messages
are transmitted to maximize the delivery probability.
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IVV. EVALUATION PARAMETERS

Delivery Probability is the proportion of messages delivered
to the overall number of created messages by the starting
node. A higher value means that a good number of messages
are transported to the target node. Delivery Probability =
(Number of messages delivered successfully) / (Total number
of messages).

Overhead Ratio is the proportion of gap between the
whole quantity of messages relayed and those delivered to the
overall amount of messages delivered. It displays the
efficiency of a protocol in view of accurate transmit
decisions. Overhead Ratio = (Number of transmitted
messages which are not delivered) / (Total number of
delivered messages).

Latency is the lapse in time between the creation and
final delivery of a message at its destination. Hence, average
latency is average of the time consumed by all messages to
transmit from the starting to the target points. Average
Latency = ((Delivery time-Creation time) / (Total delivered
messages))_average

Average Hop Count is the average of message jumps
between a source and the destination node.

In order to achieve a higher performance, a higher
delivery possibility, lesser dropping of messages, lower
latency and a lesser average hop count is essential.

V. SIMULATION AND RESULTS

For the simulation scenario a map (4,500m x 3,400m) of a
part (Fig 1) from the Downtown area [11] of the well-
developed and well-connected city of Helsinki, the capital of
Finland [12] has been modeled in the ONE simulator (Fig 2).
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Fig. 2: Helsinki Downtown area in the ONE simulator GUI

The site has so been selected as Helsinki has among
the uppermost urban living standards and is also one of the
best well-connected cities globally. The British magazine
‘Monocle’ in 2011 graded it to be the most liveable city in the
world through its index report [13].

The aim is to compare the impact on performance
evaluation metrics for the proposed MEGH protocol with the
other routing protocols in a well connected region of Finland.

The simulation is run for 10,800 seconds. The nodes
converse using the bluetooth interface at 2Mbps with a 10m
transmission range and create a fresh message every 25-35
seconds with size varying.in the range of 500Kb to 1MB.
Each node has a buffer size of 15MB. There is a wait time of
up to 120 seconds. The ShortestPathMapBasedMovement
movement model is adopted. The message time to live (TTL)
is 120 minutes.

Particularly for the MEGH protocol, the initial
energy level for each node is 1,00,000 units with a scan
interval of 50 seconds, scan energy of 150 and the message
transmit energy as 100 units to obtain the results.

All nodes are divided into 6 groups.

— Group 1- 40 normal pedestrians moving at a speed
of 0.5 to 1.5 mps.

— Group 2- 40 vehicles moving at a speed of 2.7 to
13.9 mps.

— Group 3- 40 quick reaction trained personnel
moving at 0.5 to 1.5 mps.

— Group 4- 2 trams moving at 7 to 10 mps also using
the high speed interface with speed of 10Mbps and
transmission range of 100m. Each node has a buffer
size of 50MB. There is a wait time of 10-30 seconds.
The MapRouteMovement movement model is used.

— Group 5- 2 trams moving at 7 to 10 mps on a
different route. Each node has a buffer size of
50MB. There is a wait time of 10-30 seconds. The
MapRouteMovement movement model is used.

— Group 6- 2 trams moving at 7 to 10 mps on another
route. Each node has a buffer size of 50MB. There
is a wait time of 10-30 seconds. The
MapRouteMovement movement model is used.
When simulation is carried out on the afore-

mentioned parameters for different routing protocols, the
results obtained are tabulated in the Table 1 and visualized in
the Fig 3 and Fig 4. It has to be noted that the energy
awareness concept is available only in the proposed MEGH
routing protocol and not the others.

Routing Deliver Delivelzy. Over Latency Bl.xffer cgzﬁt
Protocol Message ] Probabili hea.d Average time Averag

Created ty Ratio Average o

DD 366 56 0.153 0 2747.1304 | 7169.9908 1
Epidemic 366 138 0.377 |48.8478 | 3344.813 | 2497.4858 | 2.942
FC 366 48 0.1311 | 67.2292 | 2632.3563 | 435.4224 | 7.5208
MaxProp 366 209 0.571 |28.5789 | 2944.8914 | 1810.2418 | 2.5598
Prophet 366 134 0.3661 |33.6194 | 3379.459 | 2665.961 | 2.3657

Spray-Wait| 366 104 0.2842 | 3.3654 | 2940.774 | 6970.7214| 1.5
MEGH 366 142 0.388 |39.4648 | 3375.9923 | 2547.812 | 2.2606

Table 1: Comparison of Different Protocols
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scenario,
a higher

It can be observed that in this well-connected
MaxProp is the only routing protocol that provides
delivery probability than the proposed protocol.

However, it must also be noted that MaxProp assumes the
availability of endless network resources which is not always

the case

in a practical real life situation. Its working

mechanism involves continuous calculations which often
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consume a good amount of resources like energy and memory
space.

The proposed MEGH protocol shows a decent
message delivery rate which is better than the Direct
Delivery, Epidemic, First Contact, Prophet and the Spray-
Wait (with a relay of 2) routing protocols, keeping into
account the available network resources at hand and
modifying its behavior accordingly. It also provides a lower
overhead ratio than the Epidemic and the First Contact
routing protocols.

VI. CONCLUSION

In this work, energy aware OppNet routing protocol named
as MEGH has been proposed. Its performance observed
through simulation on the ONE simulator and the results
obtained are compared with the existing protocols. However,
it is to be noted that only the proposed protocol and not the
other ones operate by taking into consideration the usage of
energy which is one of the most important resources for
optimum network utilisation, especially in an opportunistic
network scenario. It is not possible for the nodes in an OppNet
to stay charged in terms of battery power all the time in a
realistic scenario. As a result, the energy related parameters
are effective to study in offering an enhanced network
performance.

Excessive flooding in the network caused by some
routing protocols like Epidemic lead to high network
congestion. Further, since the buffer size is not infinite, it
leads to a high drop rate causing a significant message
overhead. Other protocols like MaxProp, Spray-Wait and
Prophet perform substantial calculations that consume
network bandwidth leading to a slower network performance.
In Spray and Wait, copies of the messages are distributed
blindly without taking into account the features of the
receiving nodes. Prophet utilises historical information about
previous encounters. There is a high delay in case more than
one neighbour nodes have the same delivery predictability. In
the Direct Delivery routing protocol, a node carries the
message packets till the target destination is met, whereas in
First Contact routing, nodes forward the packets to the very
first node they meet. Though both these single copy schemes
do offer a low overhead yet they lag in terms of delivery
probability in real life situations.

It has been anticipated to develop a secure routing
protocol using the concept of energy-awareness and the
number of message hops into consideration for the
communication among nodes in an opportunistic network. A
detailed tradeoff between delivery probability and the
available network resources has been carried out by way of
simulations. Such an approach can be applied in different
areas to play significant role, such as in disaster risk
management. Extensive simulation results are presented
through the ONE simulator in order to evaluate the projected
routing protocol.

However, in order to further develop the technology
behind actual use of the protocol in practical scenarios, more
research on the ground can be carried out to further strengthen
the claims for extension to real life situations. A more
concentrated study can also be performed on security of the
messages and privacy of the information being transmitted.

The emerging field of Internet of Things can potentially make
use of the concept for further development.
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