
Citation: Weißmann, M.; Edler, D.;

Keil, J.; Dickmann, F. Creating an

Interactive Urban Traffic System for

the Simulation of Different Traffic

Scenarios. Appl. Sci. 2023, 13, 6020.

https://doi.org/10.3390/app13106020

Academic Editors: Radu Comes,

Dorin-Mircea Popovici,

Calin Gheorghe Dan Neamtu

and Jing-Jing Fang

Received: 12 April 2023

Revised: 10 May 2023

Accepted: 12 May 2023

Published: 13 May 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

applied  
sciences

Article

Creating an Interactive Urban Traffic System for the Simulation
of Different Traffic Scenarios
Marco Weißmann *, Dennis Edler , Julian Keil and Frank Dickmann

Geomatics Group, Institute of Geography, Ruhr-University Bochum (RUB), 44801 Bochum, Germany;
dennis.edler@rub.de (D.E.); julian.keil@rub.de (J.K.); frank.dickmann@rub.de (F.D.)
* Correspondence: marco.weissmann@rub.de

Abstract: The social and political efforts to fight climate change have contributed to a re-thinking of
traffic systems, especially in urban areas under constant transformation. To simulate and visualize
planning scenarios of urban traffic systems in a realistic way, the possibilities of virtual 3D envi-
ronments have regularly been used. The modern potentials of (immersive) virtual reality, however,
still require exploration, evaluation, and further development. Using the game engine Unity, an
immersive virtual environment was developed to visualize and experience dynamic traffic conditions
of a highly dense urban area. The case study is based on the characteristic model of a Central
European city (not a representation of a real city), which brings together the specific considerations
of urban traffic, such as mirroring the complex interplay of pedestrians as well as individual and
public transport. This contribution has an applied methodological focus and considers possibilities
as well as difficulties in the design of a reliably running (open-end) traffic system. The applied tool
for the creation of a modular and customizable traffic system in Unity resulted in a traffic system
that is capable of reacting to the individual behavior of the user (including the individualized mo-
tion of the avatar), without leading to accidents or uncorrectable traffic jams. Therefore, the tool
used could be a valuable option for any developer of immersive virtual environments in Unity to
equip these immersive virtual environments with a traffic system, without the use of additional
third-party software.

Keywords: virtual reality; smart mobility; transport geography; human–computer interaction;
game engine

1. Introduction

The ongoing worldwide debates on the consequences of climate change, digitization,
and urban migration have led to new political and planning concepts for governing and
redesigning cities and their urban systems. An important field of action is inner-city traffic,
whose emissions (pollutant emissions and noise) and dynamics have a major impact on
the lives of citizens [1–3]. New approaches to transport systems in the future that pursue
smart and climate-neutral goals are leading to significant changes in the urban landscape;
for example, the replacement of combustion engines with electric motors, the increase in
public transport with a decrease in cars at the same time, the increase in bicycle traffic with
more bicycle paths, new approaches in unmanned parcel delivery, more charging stations
for electric mobility, more greenery at the roadside, etc.

In order to simulate and plan this complex interaction of new approaches in the urban
traffic system, modern approaches to visualization in virtual reality (VR) are suitable. VR-
based visualizations enable different actors in the planning process to experience the entire
construct in an immersive approach. In addition, by assigning rules of motion and behavior
to each relevant traffic object, a system can be created (and changed in terms of individual
parameters) that simulates the multisensory impact of inner-city traffic.

This article aims to present an example of a transferable VR-based traffic system in
the model (typical traffic situation at an intersection) of a Central European city. After a
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summary of VR-based approaches to urban traffic simulation (Section 2), the core steps
and characteristics of a new approach (Section 3) are presented, and the limitations of the
approach (Section 4) are discussed. In terms of methodology, the approach presented in
this article is based on the current possibilities of the game engine Unity.

2. Virtual Reality in Urban Traffic Simulations

The idea of simulating urban traffic systems, in the sense of “traffic as a simulation
of object” [4], has a long tradition and has made regular advances with new technology
and methods (see also [5]). Several research efforts have been made to apply technological
and methodological innovations to simulate traffic situations, such as CAD and GIS [6–8],
parallel computing [9], and 3D modelling [10,11]. With increasing computing power, the
number of objects has also increased within virtual traffic models cf. [12–14]. Approaches to
the use of virtual reality began to play an increasingly important role in the 2010s (e.g., [15]).

Today, VR technologies are known in geoinformation sciences for the development
of immersive environments and have so far only been used sporadically for traffic sim-
ulation. To bring together traffic planning and the design of sustainable urban spaces,
bike simulators that facilitate immersive VR have recently been developed [16–18]. With
respect to inner-city automobile traffic, few studies are available to date that address specific
components of VR-based simulations.

Edler et al. [19] discussed approaches to the dynamic visualization of 3D sound for
VR-based road traffic simulations. Beyond the visualization of urban soundscape ecology,
Wu et al. [20] used 3D sound in immersive VR to study pedestrian decisions in intersection
situations. Using deep learning approaches, Kalatian and Farooq [21] attempted to analyze
pedestrian and vehicle interactions in immersive VR. Currently, research on the technical
development of interacting transportation systems in immersive VR is scarce. This study
follows up on this by presenting an approach to an interacting traffic system in immersive VR.

When it comes to traffic simulations within the game engine Unity, which became free
to use in 2015 for personal users, there is a lack of publications dealing with the creation of
transport systems from a non-expert developer perspective. Rundel and De Amicis [22]
created a workflow based on a combination of different proprietary and freely available
stand-alone software to implement a traffic system into the game engine Unity. The use of
proprietary software in this workflow might be a hurdle for developers who want to benefit
from freely available software such as Unity and also implement a traffic system without
the use of additional third-party software. Liao et al. [23] used the freely available traffic
simulation software SUMO to implement traffic into Unity, but focused on the analysis
than the implementation and visualization of the traffic system. Chen and De Luca [24]
used a visual programming language to simulate random traffic and autonomous driving.

Thus, in this paper, the proposed method provides a cost-effective solution to allow
developers of immersive virtual environments without a technical background in traffic
simulation to quickly add traffic to their immersive virtual environments in Unity, without
the need to learn and use additional third-party (proprietary) software.

3. New Approach to Urban Traffic Simulation in (Immersive) VR

For the development and creation of a 3D environment in the form of an exemplary
inner-city intersection situation, the game engine Unity was used in this study. The future
purpose of this 3D environment is to use it in geography classes to familiarize students with
possible sustainable urban development concepts. The creation of additional 3D objects
was realized using the Blender software. Unity provides developers with the ability to
contribute their own 3D models and compatible software to the game engine using the
Unity Asset Store. The development and implementation of an urban traffic system were
performed using the “Simple Traffic System” asset, available in the Unity Asset Store by
the developer TurnTheGameOn. This asset offers the possibility to build a modular traffic
system with the help of a dedicated editor.
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Locomotion in the virtual environment took place through a keyboard and mouse
controllable first-person avatar. The application was released as Web Graphics Library
(WebGL), which creates the possibility to run and use the application in a web browser.
The 3D environment was additionally developed to be experienced with a head-mounted
display and controller using teleportation as the type of locomotion. The implementa-
tion was performed using SteamVR, and the virtual reality application was released as a
Windows standalone.

The initial point for the development of an urban traffic situation inside an immersive
virtual environment was the idea of an intersection situation that can be found within the
traffic network of a Central European city. The representation of the city in the virtual
environment itself is not built on any real existing urban environment. It is considered a
representative model. The intersection situation consists of a main road with four motorized
traffic lanes and one lane for a tram. In addition, there are two side streets for motorized
traffic (Figure 1). Around the streets, the environment is modelled with buildings (perimeter
block development). The focus of transportation planning for the road network is on
motorized traffic.
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Figure 1. The inner-city intersection situation. The yellow arrows represent the driving direction of
the waypoint routes, while the green lines represent the next waypoint of a vehicle on a route that
will be approached.

3.1. Requirements for Object Interaction in the Traffic System

The preconditions of the possible interactions to be applied in the transport system
should be defined in advance of development. The implementation of the simulated virtual
motorized traffic was performed after the virtual environment was created. The traffic
system consists of vehicles, traffic lights, the traffic network (represented by interconnected
waypoint routes), and an avatar that interacts with each other. The interaction between
the vehicles should take place in such a way that no accidents occur. This means that
vehicles should recognize other vehicles and also initiate the braking process when the
vehicle in front of them brakes. In addition, the vehicles should be able to interact with the
traffic light system. The traffic light system component is expected to ensure that vehicles
react in accordance with the current traffic light circuit. Since the virtual environment can
be experienced through a first-person avatar and, accordingly, the road can be walked
on, the vehicles should interact with the avatar in such a way that the avatar is not run
over by vehicles. This requires that the traffic system is able to react to individual user
motion represented by the avatar. For example, the vehicles must be able to recognize an
avatar when it is too close to them in order to stop and avoid accidents. After the actions
take place based on the avatar’s position, the traffic has to continue without producing
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uncorrectable traffic problems (accidents, traffic jams at the intersection, and obstruction of
the traffic routes of trams or cyclists). The traffic system in its entirety should run in a loop
without interruptions (open-end). Therefore, it was defined that the traffic lights have a
fixed continuous running circuit, which cannot be altered by the actions of the avatar.

The walkability of the virtual environment by the avatar is limited to the area of the
intersection situation. Moving further is restricted by an invisible wall with a collider
attached to it. When the avatar is navigated into the inaccessible area, the limit of the
freely explorable environment becomes visible through an impenetrable red transparent
wall, and an acoustic signal is then played. The walkable virtual environment is shown
in Figure 2. The figure indicates that the road network goes beyond the walkable area for
the avatar. The interaction features for the educational learning tasks, which are connected
to interactable 3D objects, can be found in the area accessible to the avatar. Vehicles are
loaded from areas that are not accessible and visible to the avatar. When the player is
looking towards the areas that are not accessible, the impression is simulated that the
environment is larger than it really is. For example, a train runs along the end of the main
street. This is to give the impression that the virtual environment and the traffic is not
limited to the intersection.
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Figure 2. Limits of the explorable area of the crossing situation indicated in the development environment.

3.2. Creating a Road Network, Road Waypoints, and a Waypoint Route

As the basis of the road network, it is necessary to equip the 3D-modelled roads of
the virtual environment with waypoints. These waypoints represent the traffic network
on which the vehicles should drive. For the creation of waypoint routes, the asset offers a
dedicated editor. First, an AITrafficController is loaded into the unity scene using the editor
button. This AITrafficController controls the other components of the traffic system. Then,
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using the AITrafficWaypointRoute button of the user interface, a waypoint route is loaded
into the unity scene. Each waypoint route consists of at least two connected waypoints. The
waypoints are manually inserted into the environment. The first waypoint is the start point
and the last waypoint is the endpoint of a road in the traffic system, as shown in red in
Figure 3. In order to connect different waypoint routes, the asset provides a configuration
mode that allows connecting the endpoints of one waypoint route to the starting point
of another.
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virtual environments, which serve as the basic construct of the traffic system. (The yellow arrows
indicate the direction of travel).

On every waypoint, the speed of the vehicles driving on the route from that waypoint
to the next waypoint can be set via the script settings in Unity. To create a waypoint in the
virtual environment, a so-called AITrafficController is loaded into the Unity scene via the
tool window, which controls the movement of the cars along the created routes. After that,
an AITrafficWaypointRoute has to be loaded via the tool window. It contains an array of
waypoints that can be created by holding down the shift key and clicking the left mouse
button. It is possible to create individual waypoints for waypoint routes manually.

Since the vehicles are to be loaded onto the waypoint routes outside the visibility range
of the avatar, multiple connected waypoint routes were created for this purpose. Since the
accessibility of the virtual environment by the avatar was limited to the intersection, the
traffic system was not interconnected by several connected waypoint routes. Vehicles were
loaded into the traffic system through those waypoint routes that were pointing towards
the intersection. When the vehicles reached the end of the waypoint routes, they were
loaded back to their starting waypoint route and drove the route using the predefined path.

3.3. Traffic Lights

As a next step, the traffic lights are integrated into the virtual environment in the
waypoint network that has been created so far (Figure 4). Once a waypoint route is



Appl. Sci. 2023, 13, 6020 6 of 11

implemented into the unity scene, it is possible to connect traffic lights to them via the
dedicated editor window. For this purpose, an AITrafficLightManager is loaded into
the scene that consists of a Unity Game Object called AITrafficLight. The Game Object
AITrafficLight contains three separate objects that represent the traffic light colors red,
yellow, and green as a mesh. Using the edit function of the tool window, the AITrafficLight
is connected to the endpoints of a waypoint route. These endpoints serve as stopping
points at which the vehicles stop when the traffic light phase displays red or yellow. In
the settings of the AITrafficManager, the time in seconds for the red, yellow, and green
phases can be set for each created AITrafficLight. In addition, traffic light cycles can be set
according to the sequence in which the respective pairs of traffic lights execute their traffic
light phase. Once the traffic light circuit and the sequential order of the traffic lights have
been set, the traffic lights run open-end when the application is started.
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3.4. Vehicles

After the waypoints have been connected to the traffic lights, the vehicles are loaded
into the waypoint routes where the vehicles are to appear and travel accordingly along the
predefined route. Vehicles are the components in the traffic system that move along the
predefined waypoints of the waypoint routes, waypoint by waypoint, and are reloaded to
their original waypoint route when the vehicles reach the last waypoint. Thus, the vehicles
consist of a modelled body and tires, which are equipped with Unity’s own wheel colliders.
In order to detect obstacles (vehicles or avatars) when driving along the waypoints of the
interconnected waypoint routes and to stop accordingly after detecting them, the vehicles
are equipped with three colliders. Two are located on the left and right sides of the vehicle
and one is in front of the vehicle.

To integrate the vehicles into the already built traffic system, the 3D models of the
vehicles are connected to a waypoint route for this purpose. In order to implement them,
the waypoint routes have an array of Unity Game Objects attached to them, into which the
vehicle models can be loaded via drag and drop.

4. Discussion: Technical Limitations and Solutions

Theoretically, the implementation and connection of the individual components of
the asset should result in a functional urban traffic system that runs open-end without
errors. However, issues have occurred in the development process of the traffic system that
occasionally brought it to a complete breakdown, as shown for example in Figure 5. In this
particular case, traffic accidents occurred in the areas of the starting waypoint routes used
to load vehicles. This error occurred when two vehicles took different routes on turning
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points but reached the endpoints of the different waypoint routes at the same time, which
also caused them to be loaded to their starting waypoint route at the same time. The cause
of this error was that the vehicles were loaded to their starting waypoint routes at the same
time. This caused these vehicles to collide with each other, fall over and become unable to
drive, leading to a blockage of the road, which prevented other vehicles from continuing
their route, since these crashed vehicles were recognized as obstacles. This highly relevant
issue counteracting the idea of an open-end loop could not be handled by the opportunities
of the asset itself. It required the customized implementation of an adjustment.
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Figure 5. Traffic accident triggered by simultaneous loading of vehicles onto the waypoint route.

To solve this issue, a collider was placed in the location of the waypoint routes used to
load the vehicles. Additionally, blockades were placed at the ends of the waypoints. The
collider at the loading waypoint routes is used to check whether there are currently any
vehicles in the waypoint route area. If this is the case, the deployed collider at the end
waypoint routes is activated and prevents vehicles from reaching the endpoint and being
loaded to the starting point of their waypoint route. Other solutions to this error, such as
disabling the vehicle colliders while on the starting waypoint route, are imaginable.

Another issue is that by actively moving the avatar into the interaction through
the user, a gridlock of the traffic system can be triggered because the avatar is set to be
recognized by the vehicles as an obstacle and ensures that the vehicles stop. If the avatar is
placed within the intersection in such a way that the vehicles stop and block each other,
since the avatar is detected as an obstacle, this leads to a traffic gridlock situation as shown
in Figure 6. Such a traffic gridlock would not resolve itself and would persist until the
application is restarted.

To resolve such gridlocks caused by irrational user behavior, vehicles that have not
moved for a fixed time period are loaded back to their starting waypoint routes and
disappear from their current position in the environment. The waiting time has been set
longer than the stop time of the traffic light phase so that the vehicles waiting at the traffic
lights are not mistakenly loaded to their starting waypoint routes. Considering that the
vehicles disappear from the environment after the waiting time has expired, it could lead
to a negative impact on the user’s immersion if the disappearance is perceived.
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There could be other difficulties in implementing a transportation system that is not
encountered in the application example presented here. The traffic system implemented
here did not consist of a closed system of waypoint routes, since the area of the virtual
environment was limited to the intersection. Especially in the case of a further developed,
more complex, and closed traffic network with more traffic volume, further sources of
error and difficulties would be imaginable. Further developments in traffic systems should
deal with the irrational behavior of users in order to avoid errors triggered by irrational
behavior. In addition, studies are needed to identify the key factors of accidents and errors
in traffic simulations as has been carried out by Liu et al. [25], who elaborated on the key
factors of the severity of traffic accidents between automobiles and two-wheelers.

Despite the errors and the described limitations of the traffic system, the implemen-
tation into the already existing virtual environment in Unity is user-friendly due to the
modular structure of the individual components and the user interface. Developers who
value and prefer a fast and user-friendly implementation of a traffic system with a focus
on traffic visualization could benefit from this tool without relying on other additional
software. Due to the availability of the source code, adaptations by developers who want
to go beyond the sole purpose of traffic visualization and extend the tool for analytical
application purposes are conceivable.

5. Summary

The simulation of traffic systems in virtual environments has been a topic attracting a
multidisciplinary research community for decades [4,18]. With new political and planning
concepts for urban transformation, as well as with the increasing computational power
and software solutions, [13,14], the complexity and applications of traffic simulations
have increased.

The current opportunities for developing realistic, immersive, and intelligent VR-based
traffic systems in Game Engines provide a new dimension of interaction. Individual motion
paths of the user’s ‘virtual ego’ (avatar) require a permanent interaction and reaction of
other animated objects within the system. This leads to an individual chain of follow-up
reactions. To avoid a collapse of the permanent loop of the traffic system, rules must be
defined in the development phase that guarantee a running system and do not restrict the
freedom of user motion and the perception of a realistic scenario. The present study uses
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the opportunities of the asset “Simple Traffic System” and added individual solutions to
guarantee such criteria.

With the presented asset, it was possible to equip the virtual environment created
in Unity with a traffic system consisting of a waypoint network, traffic light circuits, and
the associated vehicles. The interface simplicity of the tool makes it convenient to extend
existing static virtual environments with traffic. However, it should be noted that currently,
it is only possible to manually create the traffic network with its routes based on waypoints.

The automated creation of the waypoints based on an existing modelled road network
or its representation in the form of geospatial data is, therefore, not possible. This circum-
stance could complicate the implementation of complex city models that have already been
created. For example, for 3D city models that were automatically created in Unity based on
OpenStreetMap (OSM) and CityGML data [26], developing an automated implementation
of the traffic network based on the OSM data could be equipped with the components of
the presented asset and could animate the static urban environment with traffic.

It should also be noted that the tool in its current state can only be used to simulate
traffic. Virtual tools for analyzing specific traffic parameters, such as volume, pollutant
emissions, and noise, have not yet been implemented. Due to the availability of the source
code, it is conceivable to develop the asset further and to use it for other tasks that are not
only limited to the simulation of traffic.

6. Outlook: The Application in Geography School Education

A highly relevant field for VR applications is education cf. [27–30]. The presented
application has the potential to be implemented in geography education. Together with
geography teachers and researchers in the field of didactics, the running traffic system
is currently being developed to share knowledge about urban development and smart
cities. The traffic system will have different traffic components in the future state of modern
cities, which will allow a comparison with the present state. This builds a foundation for
geographical discussion in the educational context of secondary schools. The first testing
and evaluation of the application was conducted (Figure 7) and organized by the Ministry
of Education, North Rhine-Westphalia, Germany. The traffic model also has the potential
to be used as a standardized urban scene for laboratory studies focused on the impact of
urban traffic transformation on the physiological responses of citizens [31].
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2. Jacyna, M.; Wasiak, M.; Lewczuk, K.; Karoń, G. Noise and environmental pollution from transport: Decisive problems in

developing ecologically efficient transport systems. J. Vibroeng. 2017, 19, 5639–5655. [CrossRef]
3. Morillas, J.M.B.; Gozalo, G.R.; González, D.M.; Moraga, P.A.; Vílchez-Gómez, R. Noise pollution and urban planning. Curr. Pollut.

Rep. 2018, 4, 208–219. [CrossRef]
4. Pursula, M. Simulation of traffic systems—An overview. J. Geogr. Inf. Decis. Anal. 1999, 3, 1–8. Available online: https:

//publish.uwo.ca/~jmalczew/gida_5/Pursula/Pursula.html (accessed on 11 April 2023).
5. Qiao, F.; Liu, T.; Sun, H.; Guo, L.; Chen, Y. Modelling and simulation of urban traffic systems: Present and future. Int. J. Cybern.

CyberPhysical Syst. 2021, 1, 1–32. [CrossRef]
6. Despine, G.; Baillard, C. Realistic road modelling for driving simulators using GIS data. In Advances in Cartography and GIScience.

Volume 2; Ruas, A., Ed.; Lecture Notes in Geoinformation and Cartography; Springer: Berlin/Heidelberg, Germany, 2011; Volume
6, pp. 431–448. ISBN 978-3-642-19213-5.

7. Etches, A.; Claramunt, C.; Bargiela, A.; Kosonen, I. An integrated temporal GIS for model traffic systems. GIS Res. UK VI
Natl. Conf. 1998, 1–12. Available online: https://www.researchgate.net/publication/266527833_An_Integrated_Temporal_GIS_
Model_for_Traffic_Systems (accessed on 11 April 2023).

8. Thériault, M.; Vandersmissen, M.H.; Lee-Gosselin, M.; Leroux, D. Modeling commuter trip length and duration within GIS:
Application to an O-D survey. J. Geogr. Inf. Decis. Anal. 1999, 3, 41–55. Available online: https://www.researchgate.net/
publication/228944562_Modelling_commuter_trip_length_and_duration_within_GIS_Application_to_an_OD_survey (accessed
on 11 April 2023).

9. Nagel, K.; Schleicher, A. Microscopic traffic modeling on parallel high performance computers. Parallel Comput. 1994, 20, 125–146.
[CrossRef]

10. Ambroz, M.; Krasna, S.; Prebil, I. 3D road traffic situation simulation system. Adv. Eng. Softw. 2005, 36, 77–86. [CrossRef]
11. Deng, Y.; Cheng, J.C.P.; Anumba, C. A framework for 3D traffic noise mapping using data from BIM and GIS integration. Struct.

Infrastruct. Eng. 2016, 12, 1267–1280. [CrossRef]
12. Wang, C.; Chen, G.; Liu, Y.; Horne, M. Virtual-reality based integrated traffic simulation for urban planning. In Proceedings of

the 2008 International Conference on Computer Science and Software Engineering, Wuhan, China, 12–14 December 2008; IEEE:
New York, NY, USA, 2008; pp. 1137–1140. [CrossRef]

13. Chao, Q.; Deng, Z.; Ren, J.; Ye, Q.; Jin, X. Realistic data-driven traffic flow animation using texture synthesis. IEEE Trans. Visual.
Comput. Graph. 2018, 24, 1167–1178. [CrossRef]

14. Yang, X.; Su, W.; Deng, J.; Jin, X.; Tan, G.; Pan, Z. Real-virtual fusion model for traffic animation: Real-virtual fusion model for
traffic animation. Comput. Anim. Virtual Worlds 2017, 28, e1740. [CrossRef]

15. Yu, Y.; El Kamel, A.; Gong, G.; Li, F. Multi-agent based modeling and simulation of microscopic traffic in virtual reality system.
Simul. Model. Pract. Theory 2014, 45, 62–79. [CrossRef]

16. Matviienko, A.; Müller, F.; Zickler, M.; Gasche, L.A.; Abels, J.; Steinert, T.; Mühlhäuser, M. Reducing virtual reality sickness for
cyclists in VR bicycle simulators. In Proceedings of the CHI Conference on Human Factors in Computing Systems, New Orleans,
LA, USA, 29 April–5 May 2022; ACM: New York, NY, USA, 2022; pp. 1–14. [CrossRef]

17. Ullmann, D.; Kreimeier, J.; Götzelmann, T.; Kipke, H. BikeVR: A virtual reality bicycle simulator towards sustainable urban space
and traffic planning. In Proceedings of the Mensch und Computer 2020, Magdeburg, Germany, 6–9 September 2020; Tagungsband.
Alt, F., Schneegass, S., Hornecker, E., Eds.; ACM: New York, NY, USA, 2020; pp. 511–514.

https://doi.org/10.3390/ijerph19095441
https://doi.org/10.21595/jve.2017.19371
https://doi.org/10.1007/s40726-018-0095-7
https://publish.uwo.ca/~jmalczew/gida_5/Pursula/Pursula.html
https://publish.uwo.ca/~jmalczew/gida_5/Pursula/Pursula.html
https://doi.org/10.1504/IJCCPS.2021.113100
https://www.researchgate.net/publication/266527833_An_Integrated_Temporal_GIS_Model_for_Traffic_Systems
https://www.researchgate.net/publication/266527833_An_Integrated_Temporal_GIS_Model_for_Traffic_Systems
https://www.researchgate.net/publication/228944562_Modelling_commuter_trip_length_and_duration_within_GIS_Application_to_an_OD_survey
https://www.researchgate.net/publication/228944562_Modelling_commuter_trip_length_and_duration_within_GIS_Application_to_an_OD_survey
https://doi.org/10.1016/0167-8191(94)90117-1
https://doi.org/10.1016/j.advengsoft.2004.07.007
https://doi.org/10.1080/15732479.2015.1110603
https://doi.org/10.1109/CSSE.2008.1074
https://doi.org/10.1109/TVCG.2017.2648790
https://doi.org/10.1002/cav.1740
https://doi.org/10.1016/j.simpat.2014.04.001
https://doi.org/10.1145/3491102.3501959


Appl. Sci. 2023, 13, 6020 11 of 11

18. Zeuwts, L.H.R.H.; Vanhuele, R.; Vansteenkiste, P.; Deconinck, F.J.A.; Lenoir, M. Using an immersive virtual reality bicycle
simulator to evaluate hazard detection and anticipation of overt and covert traffic situations in young bicyclists. Virtual Real.
2023, 1–21. [CrossRef]

19. Edler, D.; Kühne, O.; Keil, J.; Dickmann, F. Audiovisual cartography: Established and new multimedia approaches to represent
soundscapes. KN J. Cartogr. Geogr. Inf. 2019, 69, 5–17. [CrossRef]

20. Wu, H.; Ashmead, D.H.; Adams, H.; Bodenheimer, B. Using virtual reality to assess the street crossing behavior of pedes-trians
with simulated macular degeneration at a roundabout. Front. ICT 2018, 5, 27. [CrossRef]

21. Kalatian, A.; Farooq, B. Decoding pedestrian and automated vehicle interactions using immersive virtual reality and interpretable
deep learning. Transp. Res. Part C Emerg. Technol. 2021, 124, 102962. [CrossRef]

22. Rundel, S.; De Amicis, R. Leveraging digital twin and game-engine for traffic simulations and visualizations. Front. Virtual Real.
2023, 4, 1048753. [CrossRef]

23. Liao, X.; Zhao, X.; Wang, Z.; Han, K.; Tiwari, P.; Barth, M.J.; Wu, G. Game theory-based ramp merging for mixed traffic with
unity-SUMO co-simulation. IEEE Trans. Syst. Man Cybern. Syst. 2022, 52, 5746–5757. [CrossRef]

24. Chen, Y.; De Luca, G. Traffic simulation and autonomous driving experiment in VIPLE. In Proceedings of the 5th International
Symposium for Intelligent Transportation and Smart City (ITASC), Virtual, 20–21 May 2022; Zeng, X., Xie, X., Sun, J., Ma,
L., Chen, Y., Eds.; Lecture Notes in Electrical Engineering. Springer Nature: Singapore, 2023; Volume 1042, pp. 1–13, ISBN
978-981-9922-51-2.

25. Liu, L.; Ye, X.; Wang, T.; Yan, X.; Chen, J.; Ran, B. Key factors analysis of severity of automobile to two-wheeler traffic accidents
based on Bayesian network. Int. J. Environ. Res. Public Health 2022, 19, 6013. [CrossRef]

26. Keil, J.; Edler, D.; Schmitt, T.; Dickmann, F. Creating immersive virtual environments based on open geospatial data and game
engines. KN J. Cartogr. Geogr. Inf. 2021, 71, 53–65. [CrossRef]

27. Edler, D.; Keil, J.; Wiedenlübbert, T.; Sossna, M.; Kühne, O.; Dickmann, F. Immersive VR experience of redeveloped post-industrial
sites: The example of “Zeche Holland” in Bochum-Wattenscheid. KN J. Cartogr. Geogr. Inf. 2019, 69, 267–284. [CrossRef]

28. Klippel, A.; Zhao, J.; Jackson, K.L.; La Femina, P.; Stubbs, C.; Wetzel, R.; Blair, J.; Wallgrün, J.O.; Oprean, D. Transforming earth
science education through immersive experiences: Delivering on a long held promise. J. Educ. Comput. Res. 2019, 57, 1745–1771.
[CrossRef]

29. Lindner, C.; Ortwein, A.; Staar, K.; Rienow, A. Different levels of complexity for integrating textured extra-terrestrial elevation
data in game engines for educational augmented and virtual reality applications. KN J. Cartogr. Geogr. Inf. 2021, 71, 253–267.
[CrossRef]

30. Prisille, C.; Ellerbrake, M. Virtual Reality (VR) and geography education: Potentials of 360◦ ‘experiences’ in secondary schools. In
Modern Approaches to the Visualization of Landscapes; Edler, D., Jenal, C., Kühne, O., Eds.; RaumFragen: Stadt–Region–Landschaft;
Springer Fachmedien Wiesbaden: Wiesbaden, Germany, 2020; pp. 321–332, ISBN 978-3-658-30955-8.

31. Keil, J.; Weißmann, M.; Korte, A.; Edler, D.; Dickmann, F. Measuring physiological responses to visualizations of urban planning
scenarios in immersive virtual reality. KN J. Cartogr. Geogr. Inf. 2023, 1–10. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s10055-023-00746-7
https://doi.org/10.1007/s42489-019-00004-4
https://doi.org/10.3389/fict.2018.00027
https://doi.org/10.1016/j.trc.2020.102962
https://doi.org/10.3389/frvir.2023.1048753
https://doi.org/10.1109/TSMC.2021.3131431
https://doi.org/10.3390/ijerph19106013
https://doi.org/10.1007/s42489-020-00069-6
https://doi.org/10.1007/s42489-019-00030-2
https://doi.org/10.1177/0735633119854025
https://doi.org/10.1007/s42489-021-00090-3
https://doi.org/10.1007/s42489-023-00137-7

	Introduction 
	Virtual Reality in Urban Traffic Simulations 
	New Approach to Urban Traffic Simulation in (Immersive) VR 
	Requirements for Object Interaction in the Traffic System 
	Creating a Road Network, Road Waypoints, and a Waypoint Route 
	Traffic Lights 
	Vehicles 

	Discussion: Technical Limitations and Solutions 
	Summary 
	Outlook: The Application in Geography School Education 
	References

