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Integration of OMNeT++ into a Networking Course in an Electrical
Engineering Technology Program

Abstract

Networking courses are an integral part of electrical engineering technology programs as most
electronics in the modern day are required to communicate with each other. They are also
getting more attention in manufacturing engineering technology programs because of the
development of emerging technologies in Industry 4.0 arena. From laptops, computers,
cellphones, modern day vehicles, and smart refrigerators, these devices require a certain level of
networking to communicate with other devices, whether it be locally or worldwide. The
objective of networking courses in an electrical engineering program is to demonstrate concepts
such as local-area networks (LANs), wide-area networks (WANSs), network topologies, data
transmission, wireless communication protocols, supporting industry-related devices such as
radio frequency supported devices and wireless sensors. Within the fields of electrical
engineering technology and manufacturing engineering technology, these topics became
essential for emerging technologies such as the Internet of Things (IoT), computing systems,
and cyber-physical systems. Therefore, these concepts must be integrated into modern curricula,
including nontraditional electrical-related courses. Most of the time, course material in
networking classes is dispersed through lectures and textbooks since the concepts may be
challenging to demonstrate and implement with hands-on activities in the classroom. However,
simulation tools may prove beneficial in learning about topics in networking. One of these tools
is OMNeT++, a powerful and flexible simulation environment with the ability to display a
variety of communication networks. This paper discusses the significance of computer
networking courses and modules within electrical and manufacturing engineering technology
programs, the advantages of integrating the OMNeT++ simulator within these courses, as well
as sample cases of communication network simulations.

Introduction

Computer or communication networks are systems of connections between special devices that
allow them to communicate with each other. These types of devices consist of switches, routers,
access points, hosts, and more. Each of these devices has a specific purpose. For example, a
switch aims to directly connect other devices locally, such as computers, printers, and servers on
the same network [1]. Computer networks are designed to accommodate various sizes,
depending on the use case. Local-area networks (LANs) connect devices in a limited physical
location, such as a home or office network. On the other hand, wide-area networks (WANs)
connect multiple LANs and can span over a large geographic area. [1]. The importance of
computer networking as a research topic continues to grow as more and more devices
communicate with each other. From 1981 to 2008, over 500 million computers were connected
to the internet, even reaching the rate of two new computers connecting every second [2]. With
the widespread availability of internet access across the globe, the reliance on computer
networks for communication has grown significantly [3]. Today, computer networks play an
essential role in business, education, government, and other infrastructures [2, 4]. An example
of computer networking in companies would be in advertising, where large amounts of data can
be collected on the internet based on customers’ preferences, affecting business decisions.



In education and schooling, computer networks allow instant access to course material and
educational media available on the internet [2]. The governments on state and federal levels
also require the use of computer networks as a means of communication. Job opportunities for
computer network specialists have also expanded to retail, service, and public services [1].
Given the importance of computer networking for society, it is imperative that the students who
will eventually be leading the networking industry be provided with a quality education to have
the students thoroughly understand computer networking concepts. To ensure the students’
learning, the presentation of course material should also be interesting enough so that students
will not get easily lost or bored amidst the vast knowledge and technical depth of computer
networking [4-6]. Education of computer networking initially emphasized the specialization of
networking equipment, but as time went on, the focus shifted to network design [1]. The design
of networks is complex as it contains many technologies that operate simultaneously together
[6, 7].

Furthermore, the interaction and relationships between all these technologies are not explained
by a single theory [1, 8]. One solution that may help resolve these concerns about computer
network education would be the use of computer network simulations [9]. Computer network
simulation is the imitation of real-world network communication scenarios using the software.
The purpose of this simulation software is to reflect the quality of a given network design
through the analysis of the performance of the simulation [7, 10]. Since computer network
simulation is a tool that is used regularly in the professional setting of network design and
research, it would make sense that it would also be useful for educational purposes [9]. This
paper aims to introduce the integration of OMNeT++, a network simulation environment, in
networking courses to address the difficulty of teaching networking concepts to electrical
engineering technology students.

OMNet++ Network Simulation Platform

OMNeT++ is a framework and library that is essentially used to create and primarily simulate
communication networks. The simulations are composed of individual modules written in C++
and then connected to form larger components using Network Description Language (NED),
OMNet++’s proprietary high-level language [11-13]. During the simulation, OMNeT++ will
perform calculations given the user's parameters and then output the results. These results
include throughput, queue times, round trip time, and more. These results represent the
performance of the communication network set up by the user. A library that is often used in
conjunction with the OMNeT++ framework is the INET library. INET provides a plethora of
modules used in communication networks, such as routers, hosts, switches, etc., which can all
be connected using wired or wireless connections, including Ethernet, PPP, IEEE 802.11, etc.
[14, 15].

Furthermore, the INET library also provides the ability to use different transport layer protocols
within the simulation, such as TCP, UDP, and STCP [14]. Given the features listed, one can
assume that the INET library is a highly beneficial tool for communication networks in the
OMNeT++ simulation environment. OMNeT++ is indeed a powerful tool in the realm of
communication network simulation. Some core projects utilized with the OMNeT++ simulation
environment include 5G and LTE networks using the Simu5G framework and inter-vehicular
communication simulation using the Veins and SUMO framework [16]. Figure 1 displays a
sample simulation being run using the Veins and SUMO framework with OMNeT++
visualizing the spread of information in this scenario.



While the applications of the OMNeT++ simulator can seem complex and intimidating to
students, the integrated development environment (IDE) is made to be user-friendly and provide
some quality-of-life features. One of these features allows the user to drag and drop certain
elements onto a field representing the network and to visualize the network's topology
simulated [17]. Figure 2 shows an example of a network created by dragging elements made
available through the INET framework. A list of connections is also provided to link the
components together.

The OMNeT++ simulation software is also suitable to be adopted by educational institutions
because it is open source and free to use for non-profit reasons [12, 18]. By being open source,
the OMNeT++ software source code is available to all its users. It allows creating and sharing
custom libraries for technologies such as 5G and mobile networks for all the OMNeT++
community members [18, 19]. This is beneficial in a learning environment for students in
computer networking courses because the concern for the coding aspects of simulation software
is lessened, and the focus can be on the essential concepts taught in communication networks. In
addition to being open source, the OMNeT++ software is free and available on most operating
systems, such as Windows, Linux, and Mac OS, which should be compatible with almost all
educational institution computers.
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Figure 1: Sample network created by OMNeT++
Methods

This section discusses five sample cases of communication networks simulated using the
OMNeT++ simulation environment. The purpose of each case is to represent different network
models that can be found in real-life scenarios. Each of the cases will also include a visual
representation of the network topology, which is sourced from the OMNeT++ IDE, as well as a
sample of graphical data which is provided by OMNeT++ as a result of the simulation.

Case I - Two Hosts:

In this first case, two hosts are set to communicate with each other in a simple network. Within
the network description file in the OMNeT++ IDE, a network is defined, and the components
are placed, as seen in Figure 2 below. A host, in this case, is a device that can senddata to other
components via a wired connection, for example, a desktop computer. Another device used is
an Ethernet switch which allows communication of devices connected locally with a wired
connection. The last component used in this first simulation is a configurator module which can
automatically or manually assign IPv4 addresses and configure routing. During the simulation,
a UDP application is sent from Hostl to Host2 in intervals of 1 second for a total of 10 seconds.



The twohosts, named Host1 g—f . fa—1
and Host2, are connected to o o {H
the Ethernet switch named

configurator

etherSwitch using an
Ethernet connection. Figure 2: Topology of Case 1, Two Hosts

Case 2 - Server with N number of Hosts:

In the second case, there are N number of hosts connected to a router, with one of the hosts
being designated as a server. A router is a module that oversees handling packets between
computer networks but is also capable of transferring data with a wired connection. In this case,
the host designated as the server will receive all the data from the other hosts, similar to how a
server can handle the computer resources in its network. In the network description file, all
components are connected with Ethernet cables, as shown in Figure 3.

In this simulation, each host

named Host[1], Host[2], ...,
Host[N] will send a UDP configurator
application similar to the first @3
case. However, the destination Host{1]
of each application will be the
Server host. To reach the host,
the data first passes through the

Router, which acts as the @:}
medium connecting all the Host{3) [g
hosts. Assuming there are at @:}l ‘H“m.
least three (3) hosts, packets of Host(4]

sizes 16B, 50B, and 200B will

be sent. Figure 3: Topology of Case 2, Server with N Hosts

Case 3 - Two Routers with N number of Hosts:

In the third case, shown in Figure 4, there are two routers, each with their own group of N hosts
connected to them, representing individual computer networks or areas. In the network
description file, the hosts on the Routerl network are named Host/0], Host[1], ..., Host[N] and
are connected to etherSwitchl with an Ethernet connection. In the second network on Router?
the hosts Host2[0], Host2[1], ..., Host2[N] are connected to etherSwitch2 using an Ethernet
connection.



The two routers, which
represent two computer
networks, are then
connected with an
Ethernet connection.
During the simulation,
each of the hosts in the
Routerl computer
network will send a UDP
program to a host in the
Router2 network.

Case 4 - Wireless Host:

In the fourth case, shown in
Figure 5, there are two wireless
hosts, an access point, a wired
host, and a configurator. This
simulation requires the use of a
radioMedium, which 1s a
module used for wireless
communications to keep track
of transmissions going to
receivers [20]. Only the wired
host is directly connected to the
access point using an Ethernet
connection.

Case 5 - Three Areas:

In the final case, shown in
Figure 6, three routers are
connected to each other to
represent three network
areas. The first area
surrounding routerl
consists of wired hosts
connected to etherSwitchl,
as seen in previous cases,
and the second area
surrounding router2 and
etherSwitch2. The third
area consists of router3
connected to an access
point and a wireless host.
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The connections between the wired hosts to Ethernet switches, Ethernet switches to routers, and
router to access point are Ethernet connections, while the access point to host3 is wireless. The
simulation also calls for the use of a configurator and radioMedium module. In the simulation,
host3 is set to ping the hosts in the second area, the hosts in the first area are set to send a UDP
application to the wireless host in area 3, and the hosts in the second area are set to send a UDP
application to the hosts in the first area.

Results

In this section, the results for the five sample case simulations are presented. It includes a
description of sample data collected at the end of each simulation, as well as a visual plot or
graph to accompany that data.

Case I - Two Hosts (Results):

The sample of data collected in Case 1 shows the throughput of data being sent between the two
hosts. Throughput is a characteristic of computer or communication networks that describes the
amount of data being transmitted over a given period and usually is measured in bits per second
[21]. In this case, throughput is seen to increase linearly and peak at around 16 Kbps (Kilobits
per second) every second, see Figure 7. Other than these peaks every second, the throughput is
measured at 0 Kbps and is represented by a flat line.

Throughput
50

Bits/Second

Time (Seconds)

Figure 7: Throughput of Case 1
Case 2 - Server with N number of Hosts (Results):

The sample of data collected shows the throughput being sent between a variable number of
hosts with varying packet sizes. The throughput of the 16B packet size is blue, the S50B packet
size red, and the 200B packet size green, respectively. On the graph in Figure 8, the throughput
of the 200B packet rises to 16 Kbps every second, the 50B packet increases to around 4 Kbps
every second, and finally, the 16B packet rises to around 2 Kbps every second. Other than these
peaks every second, the throughput for each of the packet sizes is measured at 0 Kbps and is
represented by a flat line.
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Figure 8: Throughput of different packet sizes in Case 2
Case 3 - Two Routers with N number of Hosts (Results):

In the sample data collected, the bits received and sent are shown for each of the components
in the simulation. Unlike the previous cases, this data shows the total amount of data sent
during the simulation instead of the rate at which data was transmitted. The bits received are
shown in blue, and the bits sent are shown in red; see Figure 9. Each column represents a
connection between the designated servers and the connected hosts.
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Figure 9: Bits received/sent per connection in Case 3

Case 4 - Wireless Host (Results):

In Figure 10, the data represents the queue times of each of the wireless hosts in seconds versus
the simulation time. The blue plot points represent the queue times for 4ost/, and the red plot
points represent the queue times for host2. The queue times for both hosts are seemingly
random but range between a minimum of 0.0001 seconds and a maximum of about 0.001
seconds.
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Figure 10: Scatter Plot of Wireless Host queue times in Case 4

Case 5 - Three Areas (Results):

A sample of data collected in this simulation (Figure 11) showcases the round-trip time of each
packet sent by the wireless host. Round trip time is the measure of the total time elapsed for a
packet being sent to its destination and the acknowledgment that the packet was received at the
origin. In the plot, the data points are somewhat randomized, with a minimum of about 0.0023

seconds and a maximum of about 0.0035 seconds, with an average of about 0.003 seconds.
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Discussion

This section further discusses the results showcased in the previous section. In Case 1, the
throughput is seen to increase and peak at intervals of every second, which makes sense because
the simulation had been set to send an application between the two hosts every second. When
an application is not being sent or has finished being sent, there should not be any data being
transferred between the hosts, which is observed by the flat line in the throughput graph. In
Case 2, the throughput of different packet sizes is shown in different colors. It is observed that
the throughput measured is directly proportional to the size of the application being sent, which
makes sense because the larger the application or workload, the higher the amount of data needs
to be sent over the network. In Case 3, an observation made is that some of the connections may
not have received or sent a packet within the time that the simulation was running. The
connections that had varying levels of bits received and sent could be due to packet loss. In
Case 4, the queue time of each of the wireless hosts is observed to be randomized because of
the radio medium being used in the simulation. This makes sense because a wireless connection
will be less stable than a wired connection. This observation also extends to Case 5, which
shows varying measures of round-trip times due to the use of a wireless medium. Since 2019,
the Electrical Engineering Technology Program at ABC University has been offering a data
communication and networking course. In this course, students use a commercial network
simulator called NetSim for classroom activities, allowing them to model communication
networks and gain hands-on experience while utilizing Cisco IOS commands. Although the
instructor initially intended to use an open-source network simulator called OMNeT++ as an
alternative to NetSim, it appears to be more complex than NetSim. Consequently, the instructor
has decided to continue using NetSim for hands-on activities. However, OMNeT++ is
recommended for advanced data communication and networking courses and labs.

Conclusion

Computer/communication networks are an integral part of society in daily activities. These
networks allow for communication between devices from local areas to countries across the
world. Within the context of electrical engineering technology, communication networks enable
electronics to communicate with one another to form more sophisticated systems. As the
technology for networking developed over time, the dependence on computers and
communication networks increased. However, the advancement of network technology also
increased the complexity of teaching networking classes. For students to fully understand the
topics covered in networking courses, external tools, such as simulation packages, should be
used in addition to the information provided by lectures and textbooks. One of these tools is the
OMNeT++ simulation environment, which can assist students in learning communication
network topics by providing visual representations of the networks being studied, as shown
previously in the sample cases above. Its open-source characteristic and free project database
make it a promising tool for both students and researchers. The integration of OMNeT++ within
networking courses, such as those found in an electrical engineering program, is a step in the
right direction for teaching these courses, as the focus on the computer and communication
networking industry itself shifts from equipment specialization to network architecture and
design.
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