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Abstract: Routing protocols play a crucial role in determining the rate of data transfer on IoT networks. In the absence of routing protocols it will be
difficult for the IoT networks to deliver ubiquitous services to its end users. This paper uses AODV protocol for establishing communication among the
source and sink node through simulations. AODV is energy efficient as compared to other reactive protocols as it selects the shortest possible routing
path.Average values of transmission delay and energy consumption by the nodes have been calculated for network scenario of 30,40, 50, 60 and 70
nodes. The variation in energy consumption during communication process for all these networks have been studied which indicate that energy
consumption varies with the distance among the communicating nodes in the routing path. Similarly delay also varies with the distance of the sink node
from the base station.
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1. INTRODUCTION
The Internet of Things (IoT) is a promising technology that
has revolutionized the field of communication by allowing
things to connect with each other over the internet. IoT was
coined by Kevin Ashton in 1999 [5] as his research
anticipated that Internet can be used to provide global
coverage through sensors and enable connection and
control of many devices. There has been a sharp increase
in the number of IoT devices in the past decade and some
of the surveys have predicted that in the next few years the
number of IoT devices would surpass the total population in
the world. Advancement in the technology and continuous
research in this area has given rise to a number of
applications like smart healthcare, automation system for
homes, intelligent parking system, smart transportation,
precision agriculture, smart grids and many more. These
applications have made our lives comfortable by bringing all
the facilities at our finger tips with the help of apps on our
smart phones, tablets and laptops. An IoT user is able to
control all his devices from any place and at any time. All
these devices during its interaction process, gather, share
and process a lot of data either directly or through some of
the intermediate devices. The success of IoT depends on
how efficiently it is able to exchange information over the
networks without exceeding time limits and at the same
time taking care of the constraints of the IoT devices. It is
essential to have a smart environment that would be able to
transmit and receive data successfully without affecting
quality of data and violating security and privacy of the
users. The increased use of IoT needs to transfer large
amount of data on the networks for the smooth functioning
its applications. This data is being transferred through the
IoT network that consists of a number of scattered wireless
sensor nodes. These nodes communicate with each other
to transfer data packets to enable an IoT application to
render its desired services. In this process it is crucial to
decide a routing path between a source and destination
node to prevent loss of information and also to avoid
transmission towards wrong nodes. The data packets have
to go through a number of intermediate nodes in its routing
path from source to destination. Selection of appropriate
intermediate nodes is another crucial issue to be
considered for the IoT networks. Small size and limited
capacities of the battery operated IoT devices, mobility of
nodes increase the challenges of data communication over
the networks. Routing algorithms or protocols are set of

rules developed to facilitate transfer of data from a source
towards its appropriate destination node. An intelligent
routing protocol should be able to enable efficient
communication among the devices and at the same time
efficiently handle the changes in network topology and size
[4]. The conventional routing algorithms used over the
internet cannot be used directly for the IoT network as the
nodes or devices communicate with each other
continuously and keep on changing their positions [3].
These devices can be from different manufacturers which
may give rise to compatibility during communication.
Location of source and sink devices in different networks,
harsh environmental conditions, identification of devices
and constant or intermittent connectivity among them some
of the issues that need attention while devising routing
algorithms. It is therefore difficult to develop a routing
algorithm that would be able to satisfy all the requirements
of an application. To achieve desired results it would be
better to select an algorithm from the existing ones and
modify it to make it suitable so that it is able to cope up with
the challenges faced during communication process over
the IoT networks. In this paper we have used a AODV
routing protocol to study variation in the values of
transmission delay and the energy consumption of nodes
with the change in the number of communicating nodes for
a network scenario. The paper will be organized as follows:
section 2 gives a brief description about the AODV routing
protocol , section 3 will discuss the simulation environment
used for the experiment, section 4 demonstrates the results
of the parameters considered to conduct the study and the
paper ends with conclusion in section 5.

2. AODV PROTOCOL AND RELATED SURVEY
There are a number of IoT algorithms which have been
developed to allow transfer of data over the wireless
networks. Some of the parameters used to classify routing
algorithms are structure of the network, protocol operation,
decision of routes and the condition of a network [1, 2]. The
different types of routing protocols based on the discovery
or decision of routes are proactive, reactive and hybrid [7].
The proactive protocols work by exchange of topology
information among the nodes to know about the topology
used in the network. These protocols are called as the table
based or table driven protocols as they maintain routing
updates in tabular form. The table of routing helps in
determining the next node where the current node will take
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a hop. Whenever a node receives a request, suitable path
is formed by referring to the table information. The other
kind of routing protocol under this category is the reactive
protocol which differs from the proactive one by forming a
route on occurrence of demand to transfer the data. When
a source node wants to send data packets towards the
destination it will examine all the possible routes, select the
best path and then establish a connection. As this routing
protocol finds a new route on arrival of demand it is called
as on demand protocol. For some of the applications it may
be possible that a pure reactive or proactive protocol would
fail to yield desirable results. In such circumstances
characteristics of both reactive and proactive are combined
to form a hybrid protocol. Reactive protocols are used for
IoT networks mainly due to its low bandwidth and power
requirements. Dynamic Source routing (DSR) and Adhoc
on Demand Distance Vector (AODV) routing are two widely
used reactive protocols. As the upcoming sections describe
the changes observed in the energy consumption and
transmission delay for IoT networks while using a AODV
protocol let‘s have a look at its mechanism of determining a
route.

Fig 1. AODV protocol [8]
The AODV protocol uses a hop by hop method and uses
three types of messages for finding a new route : Route
Request (RREQ), route error (RRER) and RREP to reply
when a route has been found [6,8]. A RREQ consists of
source node id, destination node id, broadcast id, hop count
and TTL (time to live).When a source node wants to send a
data packet to destination it initiates RREQ for discovering
an appropriate path. The source does not know about the
whole route or all the possible nodes in the routing path. A
node in the path knows about the previous node and the
next node with whom it will communicate in the next hop.
Each node maintains a route cache and updates it when it
finds a new route. When a node wants to send some
packets it will initiate a RREQ. Let‘s consider an example of
nodes shown in fig 1. Node A is the source and F is the
destination. Node A sends RREQ to its neighboring nodes
B and C. These nodes check if they are the destination
nodes or else forwards RREQ to its neighboring nodes.
When RREQ reaches the F node it sends route reply
message (RREP). The RREQ is a broadcast message as it
gets forwarded to the neighboring nodes while RREP is
unicast as it replies only to its previous nodes. As shown in
fig 1 the routing path from A to F will have four different
possibilities: ABDF, ABDGF, ACBDF and ACBDGF. The
request reply is done only on the shortest route and when
multiple requests are received the duplicate copies are
discarded by checking the source id and broadcast id.
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Some of the challenges that have to be taken care while
developing routing protocols are the limited energy of the
battery powered nodes, dynamic topology of IoT networks,
wireless transmission medium that poses a risk on security
and the hop by hop approach than direct communication
among the source and destination [11]. End to end delay in
a network is dependent on the number of nodes in a routing
path. The transmission delay will increase with the number
of intermediate nodes used to transfer data. AODV uses
first reached RREQ and ignore other request messages
that reach later using this algorithm will reduce congestion
of the networks and also reduce the delay [12]. The AODV
protocol prefers the shortest path of routing among all the
possible paths and therefore is considered to be effective in
dealing with the limited energy of the battery operated IoT
devices. According to the authors in [9] the optimization of
AODV protocol by combining routing table and internet
table can yield better results than the traditional AODV
algorithm and is more suitable for Internet of Things. The
outcomes of the algorithms have improved values of packet
delivery ratio, throughput and end to end delay without
affecting the power consumption of the networks. The
ability of Mobile Ad hoc Networks (MANET) for setting up
networks in a short time can be enhanced by combining it
with IoT. As a lot of data is being exchanged over the
MANET it is essential to maintain privacy and security of
the users. In the absence of relevant routing procedures,
the paths may get disrupted due to failure of nodes and the
data packets will be lost or be undelivered. An enhanced
AODV algorithm proposed in [10] uses a cache update
technique for detection of malfunctioning nodes and
removes unused or disrupted routes irrespective of the
traffic mode and the direction of the mobile nodes by
informing all the nodes about the existence of any malicious
nodes in the route. The nodes respond by avoiding the
malicious node while looking for a routing path. Another
method as suggested in [13] for transferring data over the
IoT networks is a cognitive radio based AODV that is used
to find a route for transmission of data generated from the
energy constrained IoT nodes towards the non-constrained
Internet networks. Cognitive access helps in dealing with
the bandwidth utilization problem of the IoT networks. As
AODV protocol consumes less energy it helps in developing
a energy efficient method for channel selection and at the
same time achieves good values of throughput at low
power consumption by nodes. Most of the IoT applications
require large memory capacities as they have to collect,
store, transmit and process voluminous data. The
conventional algorithms for wireless networks are unable to
handle the latency and energy consumption of IoT devices
while handling data. IoT devices are self organized and
able to transmit data when the destination nodes are within
their limits of transmission. But as the networks have less
transmission limits and also require intermediate nodes
while routing it is difficult to implement data transfers at
controlled energy levels. The experiments conducted by the
author in [14] indicated that AODV when used for the IoT
networks is able to solve the lower energy requirements
issues and is helpful in enhancing the network‘s lifetime.
Energy Based AODV protocol discussed in [15] tries to
lessen the power consumption of nodes by preventing
energy wastage caused due to data transmission among
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the nodes placed close to each other with fixed transmit
power. The routing algorithm should be able to fairly utilize
the energy of nodes by avoiding repeated use of nodes
which may result into fast energy drain of those nodes. To
avoid such condition, routing protocol should be able to
select the path with maximum energy. Routing paths will
lower energy levels should be avoided because it may
consist of batteries with very less power and can fail any
time due to which path will be broken and the packets will
be undelivered. This approach will result into fair utilization
of all the nodes and improve the lifetime of network. AODV
selects the path with lower hop counts but it does not
consider the quality of links and power levels of the nodes.
In such cases packet loss increases which in turn increases
the energy consumption of the protocol. When AODV is to
be used for applications that deal with large amount of data
transfer, some additional routing metrics like link quality
indicator (LQI) and remaining energy (RE) can be used to
improve the performance of networks [16]. Another
approach to improve the link quality of routing path is to use
expected transmission count which helps the nodes to use
their remaining energy, measure the packet delivery ratio
between two nodes to obtain high throughput without
affecting the network lifetime [17].
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Fig 2. NAM window for creation of 40 nodes

3. SIMULATION ENVIRONMENT
The simulations for the experiment has been done using
network simulator -2, version (2.34) with LINUX platform
(FEDORA7). The instructions of NS2 are utilized to define
topology structure for the wireless network and to establish
communication among the source node and the receiver
nodes. NS2 is a simulation tool that is being extensively
used for networking research and supports various routing
protocols for the wireless networks. AODV routing protocol
have been used to study the changes in average delay and
energy consumption of the nodes. The source node,
labeled as zero (0) in blue color is the base station. The
network consists of temperature and humidity sensors
labeled in red and green color respectively. A network of
30, 40, 50 60 and 70 mobile nodes has been created to
analyze variation in the end to end delay in communications
and the corresponding energy variations with the change in
number of communication for the created scenarios. The
topology used is of 300m length and 300 m width and the
mobile nodes are distributed randomly within the network. A
communication model deployed here uses a UDP agent,
new agent and constant bit rate (CBR) traffic. The source
node is attached to the UDP agent who establishes
communication with the new agent by the CBR. Data
packets of constant size are generated by the CBR traffic
based on a deterministic rate. Simulation parameters used
in the experiment are given in table 1 while the NAM
(Network Animator) windows with 40 nodes, 30 nodes, and
70 nodes are shown by Fig 1, 2 and 3 respectively.

Fig 3. NAM window for creation of 30 nodes

Fig 4. NAM window for creation of 70 nodes

Simulation Parameters
NS-2 Version
Type of network
Routing Protocol
Number of nodes
Number of Source (UDP agent)
Antenna
Type of Link Layer
Mode of Propagation
Type of MaC used

Values
ns- 2.34
Wireless Channel
AODV
30,40,50,60,70
1
Omni antenna
LL
Radio Propagation model
802.11
44
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Type of Traffic
Size of Packet
Size of Topology

Constant Bit rate (CBR)
1000 bytes
300 x 300

their positions and therefore variations in the average delay
is observed for all the simulations.

Table 1: Simulation Parameters

4.
PERFOMANCE
DISCUSSIONS

ANALYSIS
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NO.
OF
COMUNICATIONS
5
10
15
20
25

AND

The NS2 platform has been used for creation of IoT
network. Communication process with networks of 30, 40,
50, 60 nodes have been used to examine the variations in
delay and energy consumption while using 5, 10, 15, 20
and 25 communications. Fig 5 shows the mechanism of
communication with a network of 30 nodes and 5
communications. Initially a network scenario of 30 nodes
was created. The next step is to specify the number of
communications and then the nodes that should be
involved in the process. The selected nodes are the
destination nodes and the source node labeled as ‗0‘ in
blue color is connected with the nodes mentioned during
simulation. The simulation process ends after the source
node gets connected with all the destination nodes.
Average delay and energy consumption gets calculated
after each simulation.

NO. OF MOBILE NODES
30
40
50
60
631
711
657
654
712
695
769
750
667
656
698
659
725
724
682
629
727
652
737
619

70
799
621
588
603
591

Table 2 . Average End to End Delay

Fig 6. Average Delay for 30,40 & 50 nodes

Fig 7. Average Delay for 60 & 70 nodes

Fig 5. Communication process for 30 nodes scenario
a. Average Delay
End to end delay is the time required by the data packets to
travel from source to sink nodes. Simulations here have
been done to calculate average value of delay required for
the number of communications specified. The equations
given below has been used to calculate average delay by
assigning initial values as : start =0, val =0, count = 0
Delay = time – start time
Val = val + delay
count = count + 1
val = val /count
Fig 6 represents the average delay values for network of
30, 40 and 50 nodes while fig. 7 gives the delay values for
60 and 70 nodes. End to end delay is dependent upon the
distance between the source and sink nodes. Larger
distance among them results into larger values of delay. In
this experiment all the nodes used are mobile. Both the
source as well as the destination nodes keep on changing

b. Average Energy Consumption
Energy consumption of IoT nodes is an important factor to
determine the efficiency of a network. As all the nodes are
battery powered with limited energy it is essential to
minimize the energy requirements to prevent failure of
nodes. It is because energy drain in nodes will result into
their deactivation which in turn can result into incomplete
transmission. Energy is consumed by the nodes in sensing
and transmitting data. Power consumption of IoT nodes is
dependent upon the length of the routing path and also the
number of intermediate paths. Average energy
consumption has been calculated using the equations:
val = val + energy
count = count +1
val = val/count
The calculations have been done by assuming the initial
values of count and val as zero. The average values have
been calculated for the energy consumed by the nodes to
carry out the specified number of communications like 5,
45
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10, 15, 20 and 25. Fig 8 shows the energy consumption of
the nodes during communication over the network. The
following outcomes can be derived after comparing the
energy values:
a. The average power consumption is dependent on the
number of communications taking place in a single
simulation. For all the kind of network scenario used here, it
has been observed that the average energy consumption
increases with the number of communications. Energy
consumed by the nodes for 5 communications has the least
value for all the networks while it is the highest for 25
communications. So to reduce the energy consumption it
can be said that the routing path should be determined in
such a way that it consists of minimum number of
intermediate hops. AODV routing protocol uses shortest
path which makes it more energy efficient as compared to
other reactive algorithms.
b.Another observation made through the simulations is the
change in average energy values of the networks for given
number of communications. Average energy consumption
values for 5 communications is more for a network with 30
nodes and is the least for 70 nodes. The power
consumption values for the rest of the communications i.e
10, 15, 20 and 25 indicate the same type of results. By
referring to the network scenario depicted in fig 2, 3 and 4 it
can be seen that for all the network scenarios studied here
the topology is same. Therefore as the number of nodes
goes on increasing over the same size of network area the
density of nodes increases and thus the nodes get placed
closer to each other. This reduces the distance among the
nodes and therefore the data packets need less energy to
reach the destination. So the energy consumed by a
network of 30 nodes is higher for all the values of
communications and it goes on decreasing with the network
size of 40 nodes, 50 nodes , 60 nodes and has least values
of power consumption for 70 nodes.
NO.
OF
COMUNICATIONS
5
10
15
20
25

NO. OF MOBILE NODES
30
40
50
43.46
44.63 24.73
107.71 73.75 67
170.33 133.9 89.97
280.55 187.1 168.4
368.31 255.8 234.9

60
25.43
58.35
100.1
121.1
162.3

70
12.08
45
85.45
97.27
148.2

Table 3 . Average Energy Consumption

Fig .8. Average Energy Consumption for 30, 40,50, 60 & 70
nodes
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5. CONCLUSION
This paper has studied the changes in values of
transmission delay and energy consumption for IoT
networks with 30, 40, 50 60 and 70 nodes. AODV protocol
has been used for routing in the net works. The value of
delay is not uniform for the different number of
communications because the nodes are mobile and the
positions of source as well as sink nodes keep on changing
for every simulation. Average energy consumption
increases with the increase in the number of
communications. Similarly comparison on the average
energy consumptions indicate that energy consumption for
a given number of communications is more for a network
scenario with less number of nodes. Our future work will try
to evaluate few more network performance metrics like
packet loss, throughput and jitter that are required to
determine the quality of functioning of the IoT networks.
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