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Abstract. A novel framework for modelling urban infrastructure and traffic for Virtual Reality with a focus on data-
driven scalability and integration of simulated realistic driving behaviour is presented. Publicly available terrain and
building models are automatically fused to recreate a representative traffic intersection of the German city of Erfurt.
The generated 3D model is used to incorporate longitudinal road inclines in a microscopic traffic simulation. The simu-
lated vehicle trajectories are visualized on the 3D model in a Virtual Reality environment, resulting in an environment
based on a real intersection with realistic traffic behaviour. The developed framework is easy to use and can be adapted
to other cities with similar data available. The Virtual Reality environment can be used, among others, for the evalua-
tion of traffic safety, urban planning, and emerging technologies.
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Introduction

A three-way framework is created with the CAD pro-
gram Autodesk Revit, which can read in geo data, the
multi-modal traffic simulation software PTV VISSIM
(Fellendorf & Vortisch, 2010), which can generate ve-
hicle trajectories, and the game engine Unity, in which
the Virtual Reality (VR) environment is rendered. The
framework is part of the Bauhaus. Mobility Lab research
project and is being used to create a digital twin of the
Briihl quarter in the city of Erfurt for the transport and
logistics sector. As a digital twin, the environment re-
quires a high degree of realism, which is why official
geo models are combined to create the 3D urban model.
Besides the usage as a digital twin, the framework can
be used for visually appealing presentations of simulated
vehicle trajectories from PTV VISSIM on a realistic ur-
ban model. This can be used to introduce simulations
to decision makers and traffic planning projects to resi-
dents and potentially allow them to participate in the
planning process. The framework also enables the ex-
perience of urban places with comparably little effort,
as major steps of the development get automated. In
research, eye-tracking studies can be conducted under
laboratory conditions while being virtually in the field.

New architectural plans can be presented embedded in
their natural context and furthermore, Virtual Reality
applications can benefit from more realistic traffic. Both
components, the reality-based environment and the re-
alistic traffic behaviour should improve the immersion in
the VR environment jointly and thus increase the overall
user experience. The framework is not only useful for
Virtual Reality, but also for simpler 3D environments, as
the display form is easy to modity.

1. Related work

PTV VISSIM has already been successfully used in
combination with Virtual Reality on several instances,
frequently for VR bike simulators. Maheshwari et al.
(2016) developed 360° videos for traffic research that
can be experienced using head mounted displays. The
environment was based on a 3D model provided by the
local authority and displayed in the game engine Unity.
Traffic behaviour was pre-simulated in PTV VISSIM and
then displayed in the 3D environment. The authors in-
terpolated the simulation with a self-developed script.
Interactions with traffic were not possible, as only videos
were created. Erath et al. (2017) describe an alternative
pipeline for creating the environment of Maheshwari
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et al. (2016). A 3D model was procedurally generated
in ESRI City Engine, the traffic was again modelled in
PTV VISSIM, and both rendered in Unity. Ullmann
et al. (2020) used Unity for the visualization of their
VR bike simulator and PTV VISSIM for the traffic
simulation. To enable interaction, the PTV VISSIM
simulation was run in real-time. The environment was
modelled using Google SketchUp and photos were used
as textures. For increased realism, the authors imple-
mented sophisticated audio. Hasan et al. (2021) devel-
oped a multi-user Virtual Reality driving simulator in
Unity that can be used with PTV VISSIM and an al-
ternative tool. The simulations were run in real-time;
the authors used their own interpolation and a hypo-
thetical city served as the model. Wahbeh et al. (2021)
describe an image-based approach for mapping the real
world into a 3D world. The images were captured with
a backpack equipped with GNSS, LiDAR and camera-
sensors. A post-processing pipeline was then used to
combine the images with pre-existing models to assem-
ble the final model. The model was combined with a
PTV VISSIM simulation. The simulation used the same
road network, but not the 3D model from the previ-
ous step. Both were then displayed in Unity. Brenner
& Haala (1998) used a digital surface model from air-
borne laser scanning and ground plans to reconstruct
a building model in an automated way. By using pho-
tos as textures, the model looked like a LoD3 model,
even though it only was LoD2. Yu & Fan (2017) devel-
oped an automated calibration of PTV VISSIM with
metaheuristic algorithms. Hale et al. (2021) presented
a workflow to calibrate PTV VISSIM with individual
vehicle trajectories.

As an alternative to PTV VISSIM, the open-source
tool SUMO (Alvarez Lopez et al., 2018) can be used for
microscopic traffic simulations. This has also already
been done in conjunction with Virtual Reality. Keler
et al. (2018) built a VR bicycle simulator to study traf-
fic interaction, where the traffic behaviour was simu-
lated in real-time by SUMO. For the visualization of the
environment, they used the tools DYNAanimation and
DYNAA4, both by TESIS. The communication between

the animation software and SUMO was orchestrated by
MATLAB Simulink. The environment was set-up with
data from OpenStreetMap and building models from a
public entity. Another publication by the same working
group (Busch et al., 2019) goes into more detail about the
development of their VR bike simulator. In the second
version of the environment, MATLAB Simulink was not
needed for the orchestration anymore and DYNA4 by
VECTOR was used for the visualization.

Others, such as Yu & Fan (2017), relied on self-de-
veloped solutions for microscopic traffic simulation in
Virtual Reality.

2. Methodology

The development and operation of the virtual environ-
ment requires an urban model and a traffic model. In
relation to the size and complexity of these models, the
environment is built up and calibrated in an automated
and extensible process. The designed framework can be
divided into three parts, which build upon each other
(Figure 1): First, the urban model is built based on sever-
al open spatial data sets being fused into one model. Sec-
ond, the construction and calibration of a microscopic
traffic model generates realistic traffic behaviour within
the simulation. Finally, the Virtual Reality environment
visualizes the traffic behaviour in a visually appealing
way on the urban model and enables the interaction
with the user. The described framework is reproducible
and scalable, enabling the methodology to be applied to
other use cases in traffic engineering.

To test the suitability of the framework, a multi-lane
intersection in the German city of Erfurt was modelled
and the microscopic traffic flow simulated.

2.1. Urban model

For perception close to reality, an urban environment
model is set up. In the current version of the frame-
work, the model includes boundaries of different sur-
faces, terrain data, building models, and simple elements
such as trees and walkways. Since the modelled area is
to be further expanded, an attempt is made to build an

Figure 1. Exposure drawing of the intersected data (signal site plan, simulation net and urban model) for the Virtual Reality
environment and the resulting environment with simulated vehicles
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automatable and scalable framework. For this purpose,
the freely available geo data of the state office of Thur-
ingia! are the basis for the construction. More precisely,
the terrain data provided in the DGM format and LoD2
3D building data in the GML format. Here it has to be
mentioned that the availability and accessibility of geo
data depends on the local authorities.

The BIM-capable CAD software Autodesk Revit is
used as the central tool for building the urban model.
Unlike in simple CAD programs, all inserted elements
are stored with properties, for example the partial sur-
face areas which are saved directly with information
such as the materials, structure, and texture represent-
ing a certain terrain-area. Script-based macros and APIs
offer options for automation and are used for, among
others, the insertion of terrain data as a surface object.
For integrating geo data into the model, the scripts and
processes of the project VREVAL provided a basis for
development (Schneider et al., 2021). In VREVAL, BIM
data are embedded in VR for a virtual user-evaluation of
architectural design.

2.2. Microscopic traffic model

A microscopic traffic model is built for a realistic mod-
elling of the local traffic and in particular the driving
behaviour. This model is based on signal site plans as
well as extensive data collected as part of the Bauhaus.
Mobility Lab research project. In contrast to macro-
scopic traffic simulations, the microscopic traffic flow
simulation focuses on the behaviour of individual traf-
fic participants (Bungartz et al., 2013; Fellendorf & Vor-
tisch, 2010). The calibration of the driving behaviour
by the associated car-following model is of importance
here, as Treiber & Kersting (2013) state that the be-
haviour of each individual vehicle depends on its sur-
rounding traffic.

The traffic model is calibrated using calibration pa-
rameters provided by a video-based vehicle detection
system. It provides cross-sectional data for traffic vol-
umes, fleet compositions and traffic flow relations at the
intersection with intervals of 1 Hz. A novel feature in the
creation of the simulation network is the elevation pro-
file, that is, the longitudinal inclinations in the network.
By intersecting the model with digital terrain models, all
spline points of the simulation mesh in their elevation
are adjusted, which was previously documented for PTV
VISSIM by Marticorena (2015).

For the vehicle movement to look realistic in VR, the
simulation-resolution in PTV VISSIM is set to 20 Hz.
This is, at the time of writing, the maximum simulation-
frequency and is chosen to reduce the influence of inter-
polation in the rendering to a minimum. The simulated
vehicle movements are tracked as vehicle trajectories.

1 https://www.geoportal-th.de/de-de/Downloadbereiche/Download-
Offene-Geodaten-Th%C3%BCringen

These includes the vehicle ID, the simulation time stamp,
the vehicle type, and the x- and y-coordinates of the
front and rear bumpers.

2.3. Virtual Reality environment

To build the Virtual Reality environment, as the final
step of the framework, the game engine Unity is used.
First, the urban model of the intersection is imported.
Second, the simulated vehicle behaviour is read in and
processed.

For the VR environment, the urban model is export-
ed from Autodesk Revit as an FBX file. This file can be
imported into Unity without any further steps. However,
the 3D urban model must be aligned in Unity to match
its position in the PTV VISSIM coordinate system. This
currently has to be done manually. The final step is to
place traffic signs and signals in the environment. In the
present framework, this is done with the help of photo-
graphs. However, if digital plans are available, this step
can also be automated.

The workflow for the import of PTV VISSIM tra-
jectories iterates over the data and calculates centre
and direction of each vehicle for all timestamps. For
every vehicle, the displayed 3D model depends on
the vehicle type in PTV VISSIM. If the time since
loading the virtual environment corresponds to the
spawn time of a vehicle, the vehicle model is placed
in the world and its positions are passed to the object,
which then follows the positions in order. Between the
timestamps the positions are interpolated. The speed
of the vehicles is calculated by the time between the
timestamps and the distance to be covered, thereby
replicating the speed of the vehicles in PTV VISSIM.
After reaching their final position, the vehicle models
get removed. The vehicles do not react to the user yet.
Since the imported trajectories do not contain suffi-
cient elevation data, the elevation position is deter-
mined using ray casting so that the vehicles are placed
directly on the road surface.

The user starts the compiled environment and is
presented with a file browser to select an exported PTV
VISSIM trajectory file. The file is then processed in the
background while the 3D scene loads. After loading, the
user sees the modelled environment and the simulated
trajectories are replayed in real-time on the correct posi-
tions. The user sees different vehicle types with rotating
wheels and hears engine sounds, whose volumes depend
on the distance from the vehicle. The user can navigate
with a person on a bike, both in a third-person or a first-
person perspective.

3. Discussion and outlook

The presented framework is very promising, but has
potential for further improvement. Some approaches
for improvement can be adopted from the literature.
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Similar to the presented framework, others have also
constructed their 3D models with data from local au-
thorities (Maheshwari et al., 2016). Keler et al. (2018)
and Busch et al. (2019) have used pre-existing build-
ing models and based the landscape on OpenStreet-
Map data. Erath et al. (2017) on the other hand have
generated their model procedurally. The most elabo-
rate approach was taken by Wahbeh et al. (2021). They
blended specially taken photos with existing models.
A similar approach will be tested for the presented
methodology. Brenner & Haala (1998) presented a
good approach if a robust building model is not avail-
able, however, it would increase the complexity of the
framework. The use of photographs as textures to in-
crease the level of detail should be explored. Looking
at other publications shows that using and merging
building and terrain models to build a virtual environ-
ment is a proven approach. The automated blending
of the presented framework, however, is novel. Com-
pared to the more conventional methods that involve
manual work, the framework offers a supposedly high
time advantage, which, however, cannot be quantified
yet. Without the framework, or comparable methods,
the urban model must be imagined and manually con-
structed or reconstructed by hand using photos. This
time-intensive work leads to higher development costs
and is not reproducible. Due to the scalability of the
presented framework, the costs remain constant, while
with manually created models, the costs increase with
the size of the model. Furthermore, the traffic net-
work does not have to be constructed manually.

Like most of the related work (Maheshwari et al.,
2016; Erath et al., 2017; Ullmann et al., 2020; Wahbeh
et al., 2021; Hasan et al., 2021), the presented frame-
work relies on PTV VISSIM for the traffic simula-
tion. Only two publications (Keler et al., 2018; Busch
et al., 2019) are based on SUMO. However, both of
these simulate the traffic in real-time, which allows
for interactive traffic behaviour. With regards to PTV
VISSIM, only Ullmann et al. (2020) and Hasan et al.
(2021) take this approach, while others (Maheshwari
et al., 2016; Erath et al., 2017) plan to develop such
a real-time integration. Yu et al. (2013) have devel-
oped their own simulation tool, however, the usage
of PTV VISSIM has the advantage of it being an out-
of-the-box solution. The presented framework should
include an interactive simulation in its final stage, so
that the vehicles react realistically to the user and the
immersion gets further increased. The work of Hasan
et al. (2021) gives reason to expect that real-time sim-
ulation is possible to be integrated in the presented
framework. Wahbeh et al. (2021) built a sophisticated
3D model but, unlike the framework presented here,
did not integrate it in the microscopic traffic simula-
tion. In relation to the simulation software used, it is
to be examined whether SUMO, as an open-source al-
ternative to PTV VISSIM, should be used. The goal is

to make the presented methodology freely applicable,
i.e., including the software used.

As the engine for the Virtual Reality environment,
Maheshwari et al. (2016), Erath et al. (2017), Ullmann
et al. (2020), Wahbeh et al. (2021) and Hasan et al.
(2021) used Unity, while Keler et al. (2018) and Busch
et al. (2019) relied on other solutions. The alternatives
used are not viable options for the methodology pre-
sented, however, further options should be explored.
Maheshwari et al. (2016) and Hasan et al. (2021) inter-
polated the trajectories in Unity with a self-developed
script. Since the current interpolation in the presented
framework is not yet satisfactory, it should be checked
whether a similar approach would make the driving be-
haviour smoother.

The works in which pre-simulated data are repro-
duced all develop the urban model first and then inte-
grate the traffic (Maheshwari et al., 2016; Erath et al.,
2017; Wahbeh et al., 2021). The works with interactive
simulations take a slightly different approach, as the VR
engine communicates in a loop with the traffic simula-
tion tool. The presented framework will also be extended
from a static pipeline to a dynamic loop in the future,
so that direct communication between Unity and PTV
VISSIM becomes possible.

The advantage of the developed framework is that
the realistic driving behaviour can be embedded in a re-
alistic 3D environment with only few steps and on the
basis of public data. Incorporating traffic simulations is
an easy way to increase realism, for example, the traffic
volume can be easily adjusted to different times of day.
Integrating a proven simulation tool, there is no need
to develop a new engine from scratch. With the current
state of development, a lot of manual work is removed by
automation already, while further automation is planned.
However, the quality of the resulting 3D environment
highly depends on the quality, e.g., the resolution, of the
input data, which are blended, but not procedurally ex-
tended. Furthermore, mainly commercial tools are cur-
rently used in the framework. In the spirit of openness,
it should be examined whether open-source tools could
be used.

In the future, the weather, lighting and sun position
in the Virtual Reality environment will be displayed
based on the simulation time and day of the trajecto-
ries. This should further increase the feeling of realism.
Furthermore, the interpolation between simulation steps
should be improved for a more pleasant viewing experi-
ence. In general, the realism is to be improved by means
of textures and shaders. For real-time interaction with
the surrounding traffic, the PTV VISSIM Driving Simu-
lator API is to be used. In cooperation with other work-
ing groups, VR evaluation methods from architecture are
to be adapted to the transport sector, the LoD2 building
models are to be extended to LoD3, and the road space
is to be photogrammetrically measured with geodesics
for a more accurate replica.
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Conclusions

A novel framework for creating 3D environments for
Virtual Reality with a focus on realistic traffic behaviour
was presented. The framework lays the foundation for
further innovations, for example, in the area of examin-
ing traffic safety with digital means. In its current state,
real urban locations can be experienced in Virtual Real-
ity with comparatively little effort. Realistic, simulated
traffic behaviour can be presented in its urban context
in a visually appealing way. The resulting environment
can be used, among others, in planning processes for
communication with residents or the evaluation of
traffic safety. The advantages of the presented approach
are the use of publicly available geodata for fast model
generation and the possibility to base different model
types on top of each other. Besides being reproducible
and scalable, the approach saves time over traditional
methods.
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