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Abstract
The ability to monitor and detect potentially dangerous be-
haviour in surrounding traffic is vital for the development of
intelligent vehicles. However, data collection for these kinds
of scenarios is difficult in real-life, and a driving simulator
therefore becomes an important substitute. In this paper
we present an approach to enhance driving simulators. We
experiment on an open source development platform, which
is used to test real-life use cases within a simulated vehi-
cle environment. We propose replacing pre-programmed
traffic dynamics with real driving data recorded from hu-
man drivers in the same environment. This enhances the
engagement of the host driver in the more realistically simu-
lated traffic scenario. Signal lights and indicator sounds are
also integrated to enrich the driver’s sensation. Our prelim-
inary quantitative and qualitative evaluation shows that our
enhanced traffic simulation results in an improvement to the
driver’s perception of the realism of the driving simulator.
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Introduction
Safety and reliability are perhaps the most-discussed top-
ics in intelligent transportation research. Recognising the
characteristics of other vehicles’ and drivers’ behaviour will
greatly improve safety on the road. However, collecting data
from risky situations in real traffic can be life-threatening,
and gathering realistic samples of dangerous driving char-
acteristics in surrounding vehicles can be prohibitively time-
consuming. A simulator may therefore be a viable choice
[8, 2]. Despite the reasonably high-quality synthetic scenar-
ios [3] provided by modern systems, they usually don’t con-
tain as many difficult traffic situations as in the real world.
For example, in current simulators, non-player vehicles in
traffic always obey the traffic regulations. Can we make
simulators as representative of real world dynamics as pos-
sible?

Figure 1: Driving simulator:
equipment set-up

Figure 2: Driving simulator:
experiment scenario

We experiment using the GENIVI vehicle simulator [1],
which is an Open Source software project that is extensi-
ble for various applications and research purposes. In an
attempt to make it more closely represent a real driving sce-
nario, we replace the pre-programmed surrounding traffic
with vehicles using driving/motion data of human drivers
that are previously recorded. This aims to bring a sense
of unpredictable dynamics, as in real traffic. We also add
functions to provide indicator sounds and the visualisation
of braking and signal lights to engage the driver’s attention
and senses. Most importantly, synchronisation and collision
avoidance functions are developed for the traffic simulation
using real driving data.

In this paper, we describe our proposed enhancements and
present a qualitative and quantitative evaluation of their ef-
fects on the driving experience. We show that introducing
real driving data in traffic simulations can result in signifi-
cant improvement in the driver’s perception of the realism of
the simulator.

Related work
One of the most recent simulators, CARLA [3], is devel-
oped for generating the synthetic data of multi-sensors, so
the data can be used to train autonomous driving models.
Some other work focuses on the effect of enhancing the
simulator to get as close as possible to a real-world driving
experience. Wade et al. [5] compared two scenarios of driv-
ing in the real world with driving in the same environment
in a simulator. They used two post-experiment question-
naires that evaluated physical as well as mental comfort
and realism. Using similar questionnaires, Michael et al. [4]
evaluated the ease of use and the degree of immersion.

Most of this previous work focused on improving the visual
environment and roads where the driving takes place [7].
In our work, we examine instead the effect of changing the
functionality and behaviour of the surrounding vehicles.
An experimental design is deployed (questionnaires) to
evaluate the effect of the proposed changes. We found
that replaying previous driving recordings in the scenario
makes participants feel as if there were real humans driving
around whose behavior was unpredictable and demanded
the participant’s attention.

System development
The purpose of the study is to build an interactively realistic
simulator that can be used for collecting driving data from
traffic scenarios that may be dangerous in the real world.
We selected the GENIVI vehicle simulator because it is
Open Source and allows easy implementation of various
functions for research purposes. It includes a road map of
part of San Francisco as its urban driving scene. Like most
simulators, the traffic surrounding is predefined by simple
dynamic models (e.g. cars with constant speed on desig-
nated routes). In order to improve the driver’s experience,
we replaced program-generated traffic with previously-
recorded driving data from human drivers.



Driving data collection and replay
We modified GENIVI to record the host vehicle data (posi-
tion, steering, speed, braking, indicators) from participants
driving on the simulator. Then we added a function to play
recordings back in the simulator and use each to control the
behaviour of a simple vehicle model. By doing this, more
unpredictable events are introduced in the traffic simula-
tion, such as: lane changing, sudden braking, and red-light-
running. These types of events would be more complex to
program realistically and so are rarely seen in simulators,
but can be easily implemented by replaying human driving
data.

Experimental Setup
(hardware)
6 projectors are aligned to
produce a single high reso-
lution display of 4×1.5m[6].
The car seat equipped with
Logitech driving controls is set
at a distance of 2.5m to the
screen. The simulator runs on
a Windows 10 PC with dual
2.4GHz processors, three
NVIDIA Quadro K5000 GPUs,
and 16GB RAM.

Indicator and signal lights
In order to engage better the driver’s visual and auditory
senses, we enhanced a standard vehicle model so it could
render brake and signal lights (instead of using expensive
commercial car models). We use the steering-column-
mounted gear change paddles as turn indicators, and added
a realistic clicking sound similar to that found in a typical car
when they are in use. During the replay of a recording, we
render the indicator and the brake lights as they were used
in the original recording which, again, adds to the realism
of the replay. For example, an earlier lost driver might use
a wrong signal light in his recording, and this requires the
judgment of current driver from his observation.

Collision avoidance and synchronisation
The system was designed to record multiple drivers’ be-
havior and then incorporate their data in a later scenario to
build up traffic. This could lead to a collision problem if the
trajectory of two vehicles overlap, especially if the host vehi-
cle is in a location which was empty at the time of a record-
ing. Each new driver added could see earlier recorded ve-
hicles, so they seldom collided with them; the problem is
that these earlier vehicles could not see the current driver.
So, firstly, we synchronised all the recordings from differ-

Figure 3: The Enhanced simulator made drivers feel more
engaged during normal (free) driving.

ent drivers. We also synchronised the recordings with the
global clock used, for example, for traffic light changes, so
replayed vehicles would still stop when the lights turned red.
Then, if a recorded vehicle is about to collide with the host
vehicle - if approaching from behind with a higher speed -
its behavior is adjusted by slowing - and if necessary paus-
ing it for several seconds, before resuming its original tra-
jectory.

Experimental evaluation
As a preliminary evaluation, twelve volunteers were in-
vited from different genders with variant driving experiences
(see Fig. 4 and Fig. 5). We divided the participants into two
groups of six people each. The first group starts with driving
the non-improved ’Basic’ simulator, then driving the ’En-
hanced’ simulator. The second group drive on the two sim-
ulators in the reverse order. Before the experiment starts,
we offer a 10-minute hands-on session, so participants can
get used to the device. For both ’Basic’ and ’Enhanced’
simulators, participants had two driving scenarios: normal
free-driving mode, and driving by following another vehicle
in the traffic. During the experiment, after each driving task,
participants were asked to fill in a questionnaire describing
their driving experience in terms of realism and immersion.



Average rating of importance on different factors

Vehicle lights Indicator sound Traffic dynamics Vehicle color

4.08 4.08 3.75 3.25
Table 1: The influence of different factors on the realism of the
simulator. (Ratings from 1: least influential to 5: most influential)

We compared the questionnaire results of the two simu-
lators. As shown in Fig. 3, participants in the free-driving
mode reported feeling much more engaged in the enhanced
simulation. On the other hand, when following another vehi-
cle, there was less strong preference from the participants.
This may be explained by drivers concentrating on a narrow
view due to the immediate task of following, and so being
less affected by changes in the surrounding traffic. This is
also reflected in their infraction logs: in both simulations,
participants tend to commit more traffic infractions when
following the other vehicle. This may suggest that the work-
load of this additional task may be beyond the driver’s ability
to have a broad perception and to drive safely.

Figure 4: Gender distribution of
the participants

Figure 5: Driving experience of the
participants

When asked if they feel immersed in the driving environ-
ment, participants’ responses showed that the enhance-
ments improved their immersion experience as shown in
Fig. 6. Moreover, among the factors that differed between
the two simulations (see Table 1), the colours of the sur-
rounding vehicles - as expected - were found to be the least
influential on the drivers’ assessment of the simulator’s re-
alism. The other three factors have proved to be of similar
importance.

At the end of experiment, we collected participants’ feed-
back about the experiment. It was obvious that the re-
sistance/flexibility of the controller is different from a real
vehicle. Also the missing sensation of movement on the
body was reported to affect the participants’ immersion in
the driving scene. Improving the simulation equipment for

Figure 6: The enhanced simulator increases the level of
environment realism reported by the drivers (p=0.058)

greater physical engagement of the driver is still a challeng-
ing factor in our research.

Conclusion
This paper presents our developments to enhance an Open
Source simulation platform which is specialized for driv-
ing experience studies. Our preliminary experiments show
that when the scenario includes more human factors, peo-
ple tend to behave as if they are driving in a real traffic flow
rather than a video game. Additionally, the developments
allow drivers to observe each other’s behaviour. From their
reaction and comments on other vehicles, we hope to un-
derstand how human drivers judge the traffic situation, and
transfer this knowledge to advanced driving assistance sys-
tems. For future work, we will extend our evaluation to col-
lect data from more participants, and assess the relative
contributions of each factor. Applying our proposed traffic
enhancements to more sophisticated and visually-realistic
driving simulators is also envisaged, if the high cost of such
simulators can be overcome.
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