Master Thesis
Digital Twin for Time-Sensitive In-Vehicular Networks
Using OMNeT++ Simulator and the INET Framework

Topic Description

Today’s In-Vehicular Networks (IVN) are in the midst of a significant paradigm shift. The low-
bitrate CAN and FlexRay are being rapidly replaced by high-bandwidth Ethernet-based
solutions using the support of the IEEE 802.1Q [1] family of Time-Sensitive Networking (TSN)
standards. To ensure high reliability, flexibility, and deterministic packet delivery within these
new In-Vehicular systems, researchers and manufacturers require tools that allow for rapid-
prototyping and simultaneously produce results that correspond to those of real-world
deployments. One of such tools is the Environment for Generic In-vehicular Networking
Experiments [2], otherwise called EnGINE. The framework provides a flexible environment for
repeatable, reproducible, and autonomous IVN experiments which are performed using
open-source solutions on commercial off-the-shelf hardware. Solutions used include Linux
and OpenVSwitch, as well as the Intel 1210 NICs.

While EnGINE provides real-world experiment results and is easy to configure, it still requires
a physical deployment, which may not be available or required at all times, and thus limits
the availability of the framework for rapid-prototyping. To enhance this capability of EnGINE,
we propose an introduction of a Digital Twin for the framework in the form of OMNeT++-
based [3] simulation that can be configured using the same EnGINE’s Ansible-based
orchestration tool. With the upcoming introduction of native TSN support within the INET
Framework [4] for the OMNeT++ simulator, the integration of the simulator as a Digital Twin
into EnGINE becomes possible without the need for any third-party OMNeT++ frameworks
and can rely on the long-term support of the core OMNeT++ community. With this addition,
EnGINE will have the capability of producing results without the use of physical infrastructure.
This capability is relevant especially in experiments for which simulation results may be
sufficient, while still allowing for verification of the simulation results on a real-world
deployment.

The goal of this thesis is to integrate the support for simulation of In-Vehicular, TSN, networks
into the EnGINE framework and provide a detailed comparison of the results attainable using
both, the real-world EnGINE testbed and OMNeT++ Simulator using the same scenario
configurations. The evaluation may be extended to include reproduction of simulation results
from other publications, e.g. [5] or [6], using the developed solution.

(See next page for more details)



Your tasks

1. Familiarization with OMNeT++ Simulator, the INET Framework and their TSN support

2. Familiarization with EnGINE framework and its Ansible configuration syntax

3. Preparation of a translation module for the EnGINE framework that converts the
Ansible configuration into OMNeT++ configuration. This includes preparation of
equivalent applications used in the EnGINE Framework (e.g. Iperf3-like data transfer)
within the OMNeT++ Simulator

4. Execution and evaluation of experiments that compare the results from the real-world
EnGINE deployment and the OMNeT++ simulator

5. (Depends on time constraints: Execution and evaluation of some experiments from
related work, e.g., [5] or [6], using the newly developed solution in both real-world
hardware and simulation)

Required Experience
e General knowledge on computer networking
e Knowledge of IEEE 802.1Q TSN standards is a plus
e Some experience with discrete event network simulation
e Experience with OMNeT++ is a plus

Additional Information
e Offered as a Master Thesis
e May be extended into a publication upon completion
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