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Abstract: Traffic reports, naturalistic observations and in-lab tests are carried out to determine the
influence of driver’s distractions in car crashes and to develop technology to detect and prevent them
from happening. Paradoxically, driver’s distractions are more prone to occur with automated driving
vehicles, which might turn into cancelling some of their advantages. One of the best strategies to
cope with this problem is education. In this work we propose a simulation environment to design
laboratory experiments to study driver’s distractions as well as simple games to train drivers to take
over the control of the vehicle when required. The resulting simulator enables drivers to experience
driving partially automated cars in their neighborhoods or in places of their choice with different
levels of events to check their ability in taking over the control when required.

Keywords: autonomous vehicles; car-driving game; drivers’ distraction; simulated driving

1. Introduction

Driving on highways or in the neighborhood in a sunny day with few other vehicles on the road
are situations where our sense of continuity makes us focus our attention on non-driving related
tasks or get into drowsiness. Even if we drive in complex situations with denser traffic or pedestrians
around, which may make unpredictable movements, we trust on paying attention to these because of
our natural trend to focus on changes in the environment. Additionally, we have an extra confidence
on correctly dealing with these situations if our vehicle has some kind of advanced driving system
(ADS). Unfortunately, as with our feeling that vehicles and pedestrians have some inertia in their
movements, we extrapolate that the ADSs rightly react to any potentially hazardous situation, but we
might be in trouble when they ask us to take over the control of the vehicle in the shortest possible time.

In this work, we have designed a simulation platform so that you can train in these situations
on the streets of your neighborhood, or the place you prefer, and so that the data collected with the
experiments can be used to improve the driving environment, both that of vehicle and the roads on
which it travels.

Although there are some games that let players drive on Google maps and the like (e.g. [https:
/ /framesynthesis.com/drivingsimulator/maps]), the interaction with the scenario is too elementary
and cannot be used to measure data about the driver-players” behaviors. In the opposite side, there
are realistic virtual reality games based on actual video footages [https:/ /driving-tests.org/driving-
simulator] or simulated environments [https://www.cgasimulation.com, https://drivesimsimulator.
com/en, https:/ /citycardriving.com] which deliver a good immersive experience to the users at the
cost of computing power and with limited number of scenarios. The same is true for simulators
oriented to testing self-driving cars [1], as they require accurate representation of the 3D world so that
the simulated sensors can get data of the same quality than their real counterparts.

This is the first work where simulated traffic environments come from real maps and the
simulation is computationally inexpensive, like many of the psychometric driving test tools, with
the addition of including the modeling of partially autonomous driving of the vehicle. Differently
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from many current driving simulators that try to convey realistic scenes to the users, the proposed
solution relies on Gestalt principles to fill in the blanks in the simplified visual environment and on the
user-engagement effect of the situated game. In this sense, it provides a generic, non-compute-intensive
tool for driving schools [2] and researchers. Like the psychotechnical test drive games and tools to
assess and train coordination, reflexes and prediction abilities[3,4], our solution can help doing the
same for partially autonomous cars.

1.1. Literature Review

Most of us suffer significant impairment when using cell phones while driving [5] and are
less aware of road hazards when driving partially automated vehicles (PAVs) [6]. In effect, drivers,
particularly the novice [7], trust on advanced driver-assistance systems (ADAS) and ADS [8] and
get distracted easily. These distractions and inattention might cause failure to appropriately and
timely respond to potentially dangerous events while driving, thus being necessary to study different
interventions to mitigate these adverse effects of non-driving related tasks (NDRT) and drowsiness.
Unfortunately, their impact on driving performance and their contribution to car crashes are difficult to
determine because of different definitions used to classify accidents and because not all safety-critical
events end up in a car crash. Anyway, distraction and inattention might be the cause of 10% to 25%
of accidents, which could have been avoided with the use of appropriate warning systems and by
specific drivers’ training [9,10].

Experimentation allows not only to understand the mechanisms that lead drivers to these
distraction episodes and inattention but also to test systems for their detection and early warning,
as well as to develop instructional materials and exercises for drivers. For example, it is possible to
design a better HMI to mitigate the adverse effects of distraction by investigating visual attention
while driving [11].

Some studies are carried out with actual vehicles but, for safety reasons, most of them are done
on simulators. Anyway, the main problem is they are limited to 30-40 participants driving actual cars
in controlled areas or simulated vehicles in simple environments like rural areas [12], which might not
be representative of the general population in all sort of situations.

Although simulators have been improved in detail and capability to represent complex scenarios
of suburban and urban areas, their hardware requirements hinder their use in studies with larger
groups of participants.

Regardless of the experimentation environment, measuring driver’s distraction is complex
because it depends on observations with cameras [13] and other sensors, including those that measure
driving performance (steering, throttle, speed, ...) [14], and on software methods to determine the
onset of the distraction events like support vector machines [14,15] and neural networks [16].

In this regard, the Insurance Institute for Highway Safety developed a rating system [17] that
evaluates the safety of ADSs and their driver monitoring systems (DMS) based on how good they are
at identifying driver distraction, how they alert drivers once the distraction has been identified and
also whether they employ any safety measures when the driver does not react to the alerts.

There have been attempts to use driver state assessment technology to keep the driver ‘in-the-loop’,
i.e. to keep drivers’ attention to driving [18], and even to safely stop the vehicle if the drivers fail to
react to systems’ alerts [19], but holistic solutions must consider education, too [20].

Drivers’ ability to understand partially automated driving and to know its boundaries might
make them timely taking over control of the vehicles, which might avoid crashes. Note that drivers are
responsible for the vehicle even in situations where automation required unreasonably rapid reactions
from them [21]. Thus, apart from education, it is required that automation is validated against a broad
spectrum of possible users.

A recent literature survey [22] concludes that it is easier that drivers get engaged in NDRT while
driving vehicles with ADAS and ADS, that the older drivers tend to trust less on these systems than


https://doi.org/10.20944/preprints202401.1435.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 January 2024 doi:10.20944/preprints202401.1435.v1

3o0f14

the younger ones, and that the main solution is that drivers know better how these systems work and
how to interact with them.

Hence the main problem being training/education of drivers, which requires appropriate
materials and frameworks, including simulators. Following this idea, a driving simulator of an
autonomous vehicle is a key element in any drivers’ training/experimentation framework. Game
engines are software that integrate simulation of physical environments with graphics and other
features required to build a suitable driving simulator (Section 2). Achieving a great level of realism
would also make the result driving games highly demanding in terms of computational power and
hardware. In this work we propose a less resource-demanding simulation software with the ability
to generate scenarios from actual roadmaps to compensate for the lack of realism as for players’
engagement in the game.

Additionally, this “situated experimentation” allows to study the effects of the traffic infrastructure
in drivers’ distraction. Note that, for instance, curves make drivers be more attentive [7], that there
are other factors that contribute to drowsiness than supervising ADAS like the road conditions and
environment, and that drowsiness might be worse than distractions [23].

The 3D scenarios are generated from areas of interest taken from OpenStreetMap (Section 3)
and the Godot game engine is used to play the simulation of an autonomous vehicle that hands the
driving control to the user in different conditions while monitoring its reactions (Section 4). The result
framework is a proof of concept for this software, which can be targeted to a larger number of people
than with more demanding, though realistic, simulators.

2. Game Design and Architecture

In this work, we have created a simple driving-simulation game for users to experience driving
vehicles with up to the level 3 of automation [24] and for providing researchers with a tool to study the
effects distractions and investigate about systems to minimize their adverse consequences on driving.

The player drives an autonomous vehicle in a 3D world with vehicles and pedestrians roaming
the streets. The vehicle goes to a random destination point in the simulated world and, at random
points in time, hands the control to the user, which then must react in the shortest time possible to
prevent an accident. Parameterized test scenarios allow studies of drivers’ behaviors in a broad range
of 3D worlds and traffic conditions. Data related to the users’ interactions, specifically their awareness
and reaction speed, are collected during simulation an can be further analyzed by experts to gain a
better understanding of the problem, improving onboard HMI, modifying the road infrastructure, et
cetera.

The two main components of the simulation platform are the 3D world and the game of driving a
car in it, with other cars and pedestrians (Figure 1). The data to build the simulated world is taken
from OpenStreetMap (OSM) [https:/ /www.openstreetmap.org] and the game is run on the Godot
engine [https://godotengine.org/] so the result platform is free to use and does not require much
computational power. However, to make the simulation more appealing and immersive to the users,
it is interesting to add as many details, such as non-essential objects, textures, or visual effects to the
world, as possible.
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Figure 1. The game uses the Godot engine to run a GDScript program that simulates a 3D world,
extracted from an area of interest taken from OpenStreetMaps by OverPassAPI and built with OSM
Buildings, wandering pedestrians and autonomous vehicles, including the primary or ego vehicle.

The Godot game engine is an open-source game engine that provides with all the necessary tools
to create a 3D environment and scripting capabilities for all the functionality that our simulation needs.
Godot’s main scripting language GDScript is an easy-to-use but powerful scripting language in which
to describe all kinds of 3D manipulation and implement all the functionality that the simulation might
need [25].

However, in other applications, particularly for developing, training, and validating ADS, detailed
3D worlds are required. In this case, you could use, for instance, the open-source CARLA simulator
[26], which is built upon Unity [https:/ /unity.com/]. This simulator can also be adapted to create a
framework like the one we propose in this work by making the 3D world coarser, but we have opted
for Godot because of its simplicity to install and use.

OSM is a free wiki world map from which our simulation game takes the data to create a 3D
world of the area of interest where players will drive the ego vehicle. The XML-type file extracted from
OSM (“.osm”) [27] is further processed to build a suitable representation of the 3D world.

Differently from the main OSM API, the Overpass API [28] allows optimized reads of the OSM
database that enable querying great amounts of data in a shorter time, which makes the extraction
of the area of interest within our simulation framework easier. The corresponding 3D worlds are
generated by OSM Buildings [29], which creates a layer of buildings rendered in 3D using data obtained
from OpenStreetMap. These buildings contain all the basic metadata relating to their properties, which
might be used to change shapes and aspects.

Although this aspect is out of the scope of this work, note that the simulator must record data
about games and users’ performance for further analysis. Anyway, the main contribution of this
work is the proof of concept that a computationally inexpensive simulation game can be used both in
research about drivers’ distractions and inattention and in elaborating drivers’ training material.

3. Generation of 3D Worlds

As mentioned before, the OSM 2D map data is parsed to extract all the relevant information,
which then would be manipulated and used to generate all the different 3D shapes of the environment.
This geometry consists of 3D meshes of roads and buildings which can be placed in the 3D world
according to the coordinates from the OSM map. Additionally, a graph of the area of interest is created
from the waypoints in its roads so that a specific GPS module can compute paths from current vehicle
position to any given destination. These paths can be used both to direct drivers to chosen spots and
to tell ADS how to move the vehicle node to node until the target position is reached, thus acting as a
fully autonomous vehicle. In this last mode, the vehicle can ask the user to solve complex situations or
to take the control in the vicinity of pedestrians or cars.

3.1. Parsing OSM Data

OSM data can be downloaded directly from its website by choosing the region of interest, provided
that the resulting file does not exceed 50000 nodes, which is enough for the purposes of this work.
Anyway, this limitation is overcome by using, e.g., the Overpass API, which allows for up to 300 MB
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of uncompressed downloads. These nodes, which should not be confused with road or graph nodes,
identify geolocation data of objects, and are related to other nodes by ways, which, at their turn, define
shapes of compound objects such as buildings or roads.

In this version of the game, only objects that are tagged as “highway” or “building” are considered.
To build the 3D scene, node latitudes and longitudes are converted into scene (x, y) coordinates and
other object attributes are used to create the scene objects accordingly. For instance, to distinguish
between roads and sidewalks, to set the number of lanes in a road, or to construct buildings with its
actual number of levels.

3.2. Generating 3D Meshes

The 3D scene is made of a collection of 3D meshes that are imported from arrays of vertices
that define the shapes of the corresponding objects. These vertex arrays are arranged so that every
three consecutive vertices make up a triangle. The final meshes that represent paths and buildings
are created with the appropriate ArrayMesh class methods from the Godot engine’s library. Each final
mesh, among other attributes, has an ARRAY_VERTEX with the (x,y, z) coordinates of the vertices of
the object that is added to the 3D scene of the game.

Buildings are derived from OSM file objects tagged as “building”. The area that they take is
described by a set of nodes that draw a polygon which is projected in heigh so that a wall is added
every two consecutive nodes, and a roof is created on top with the same shape than the polygon at the
bottom floor.

The walls and roofs of buildings are decomposed into triangles so create the mesh for the whole.
While the walls are rectangular and easily split into two triangles, the roofs are partitioned into triangles
by using a specific method of the Godot’s Geometry class. Thus, each building is a set of triangles stored
in a vertex array which translates to an instance of a mesh through ArrayMesh class’ object creation
method, and the corresponding object is added to the 3D scene.

Figure 2. The meshes of buildings in the region of interest are 3D projections of polygons that represent
their layouts.

Paths are represented as sequences of rectangles between any two consecutive nodes and each
rectangle is divided into two triangles so to generate a mesh object in the same way as for the buildings.
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Pathway meshes (Figure 3a) are combined with building meshes to get a basic 3D world (Figure 3b)
which can be added details afterward.

Note that paths are created independently of buildings. In the current version, buildings that are
crossed by paths act as obstacles, but they will be modified to create tunnels so that vehicles can go

through them.
L
i
‘.
i

l!!

(b)

Figure 3. The objects that represent paths (a) are combined with the buildings to create a basic 3D
world (b).

3.3. Road graph

The ego vehicle and the rest of vehicles in the game must be able to move autonomously. In this
case, actual ADS cannot be used because the 3D world is not detailed enough for sensors to produce
realistic data, and because it will take too much computational power. Therefore, it is replaced by a
simpler path-following mechanism that will use a sequence of nodes of the road graph.

This road graph is made of all nodes of the drivable path elements in the OSM file of the region of
interest. A path is drivable when is of type “highway” and the value associated with this type allows
vehicles drive through. Nodes of the graph are connected when they are consecutive in a path. The
resulting edges are tagged with the distance between their end nodes, so that the simulated GPS can
use them to generate the shortest paths from the vehicle’s current node to the destination.

4. Game Setup

The user can select which area it is interested in and run the game to drive a vehicle manually or
in a partial or fully autonomous mode. In the two last cases, the driver must choose a destination. In
the first case, the driver may also choose a destination and get directions from the user interface. In
fact, the HMI simulates a GPS module so the users can pick up destinations within the area of interest
and, as for the manual mode, it lets them to drive the vehicle.

Therefore, the key element of the game is an autonomous ego vehicle provided with and HMI that
includes a simulated GPS module. The other vehicles in the 3D world are fully autonomous and move
around going to random destinations. Additionally, there are pedestrians that might cross streets,
eventually. These elements altogether enable mimicking real-life situations to test and evaluate the
driver’s attentiveness, namely cases where he or she avoids accidents and/or takes over the control of
the ego vehicle.

Although the game stores user reaction times for further analyzes, it also may offer immediate
feedback to the user by showing reaction times and scoring its overall behavior.

In the following we shall describe all these components of the game.

4.1. Vehicles

All vehicles share the same 3D model [30], which not only includes an external view (see top
right block in Figure 4) but also a dashboard (see Figure 5). The body of the vehicle is defined as an
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specific class, VehicleBody, within Godot. This class is a sub-class of the RigidBody class, whose objects
are controlled by the physics engine to simulate the behavior of physical objects, thus they can collide
to each other and react to physical forces.

In addition to the vehicle’s main body, the VehicleBody class defines the wheels of the vehicle.
The front wheels are used for steering and the rear wheels for accelerating and braking. Each pair of
wheels comes with a set of variables that can be accessed and manipulated in order achieve the desired
movement: Variable steering have values that range from —1 to +1 that determine the orientation of the
front wheels, and variables engine_force and brake are positive values that determine the acceleration
and the braking of the vehicle.

The engine_force determines how much torque is applied to the rear axle in each cycle of Godot’s
physics engine in terms of the throttle position and current rotational speed w in RPM:

w

) (1)

where Tyx is the maximum torque that can be applied by the engine to the wheels” axle and w4y,
the maximum speed in RPM. Thus, increasing the value of the throttle position will result in the rear
wheels turning faster and the vehicle speeding up towards the direction it is facing to.

The brake determines how much force is applied to oppose to the wheels movement so that the
vehicle slows down and, eventually, stops.

The steering of the vehicle is controlled using the steering variable, whose changes are smoothed

engine_force = throttle- Tyay- (1 —
Wimax

to make vehicles turning progressively, thus becoming easier to control for users.

Therefore, the vehicle’s pose and linear and angular speeds are controlled by throttle, brake and
steering variables, whose values can be given by either by the ADS (all vehicles) or the HMI (only the
ego vehicle). Indeed, all vehicles share the same kinematics model and control mechanism (Figure 4,
right) and have a simple ADS to be able to follow paths from the road graphs. The difference of ego
vehicle with respect to the rest is that it also has an HMI for the user to interact with it (Figure 4, top
left), including the capability to define destinations spots. (The rest of vehicles are fully autonomous
and select random destinations to move around.)

throttle,
brake,
steering
ul >f-\ N
./ A
A
H pose, velocity

Y

GPS

— ADS
target node position

Figure 4. All vehicles include a GPS and an ADS module to be able to follow paths to user-defined or
random target positions, and only the ego vehicle needs an user interface (UI) module.
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Figure 5. Cars are simple to make rendering computationally inexpensive, including the ego vehicle,
which can be adapted to the needs of any specific experiment.

4.2. GPS system

The GPS module is a simplified version of an actual GPS of a vehicle that allows the driver to
monitor its position and to specify destinations. For this, a 2D view of the world is obtained from a
zenith camera on a flattened 3D world, which is a copy of the 3D scene where the heights of buildings
are scaled down to prevent the taller ones from shadowing or hiding the roads. On top of this view,
there is a position icon at the vehicle’s current location and, eventually, another one at the destination
point (see Figure 6.)

When the user chooses a destination in the 2D map, this module computes the path in the road
graph to reach it by using the A* algorithm [31] that is available via the AStar class that comes with
Godot’s default library. (Unfortunately, the ID of the nodes for this class is 32-bit long while the OSM
node IDs are 64-bit long, thus wrapper methods that make the conversion between 64-bit and 32-bit
IDs have been added.)

Once a route has been calculated, a guiding arrow pointing towards the right direction is projected
in the display when the car is driven in manual mode. In case of autonomous driving, the vehicle
follows the path to the destination with eventual driver requests to hand over the control.

Figure 6. GPS 2D view, with icons signalling current vehicle position and destination.
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4.2.1. Vehicle User Control

The HMI is designed to make the game usable with any computer, even without (gaming) steering
wheels and pedals, so the user input recognizes WASD keys (arrow keys, too) as well as the space bar
to steer, accelerate and brake the ego vehicle.

Note that the user control works seamlessly with the ADS component in order to allow the user
to switch between manual and autonomous driving modes in a smooth manner at will, apart from
those events that cause ADS requiring the driver taking control of the vehicle as soon as possible.

4.2.2. Vehicle ADS

The ADS takes charge of assisting the driver to follow a predefined route or making the vehicle
doing so in autonomous mode. To do so, it constantly moves the vehicle forward while steering it
towards the next node position in the path. To make sharper turns, it brakes the vehicle when it is
turning. It also keeps the vehicle at the right side of the road.

To follow a path, the ADS goes node to node and computes the vehicle orientation with respect to
the target node in the current arc. Depending on the driving mode, it only informs the user about the
direction to take or applies the right amount of steering directly. The steering is the y component of
the resulting vector of the cross product between the forward vector P of the vehicle and the target
direction vector T+

steering = (P x T‘)y )

Vectors P and T are computed from the normalization of the current linear velocity vector, and
from the difference between the position of the next target node in the path the vehicle is following
and the current position of the vehicle in 3D space.

Because node positions are the waypoints at the middle of the roads, they must be offset to the
right to achieve that vehicles drive in the right side of roads. Therefore, for a given path to be followed,
the position of all the nodes is shifted by the normal vector of each path segment. The length of this
normal vector can be changed to determine how far from the right the vehicle will drive and could be
configured to make it drive at a specific lane in multiple-lane roads. In this work, however, all roads
are considered to have a single lane in both directions and the vehicle will drive at the center of the
right lane.

4.3. Non-User-Controlled Vehicles

Apart from the ego vehicle, the game scene is populated with non-user-controlled vehicles at
random spots. These vehicles simulate regular traffic on the roads and create situations where user’s
attention and reaction speed can be assessed. As previously mentioned, they have the same model and
components than the ego vehicle but for the user interface and the working modes of GPS and ADS.

In non-user-controlled vehicles, at the beginning of the simulation or at any time a destination is
reached the ADS chooses a new random destination, asks the GPS for a path to it and starts following
the new route.

The proximity sensors of these vehicles are used by the ADS’s to brake or stop before an obstacle
in the way. They are simulated by collision shapes in front of the vehicles that trigger events any time
physical entities collide or stop colliding with them. For the sake of simplicity, vehicles fully stop when
they detect the ego vehicle entering their collision shape to prevent from hitting it. For the rest of the
entities, i.e. other vehicles or pedestrians, they slow down and eventually stop. In this work, we have
not included this behavior in the ego vehicle, but it could be added to simulate an ADS with a collision
avoidance system (CAS) with an autonomous emergency braking (AEB).
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4.4. Pedestrians

Pedestrians are included in the simulated scene to make it more realistic and have an additional
source of situations to test user reactions and behavior at the wheel. Like the vehicles, they are initially
placed at random spots of the scene, at sidewalks. These spots are determined by offsetting node
positions, which are at the middle of the roads, either to left or right side, using their widths.

Like the non-user-controlled vehicles, pedestrians move around randomly from their current
node positions to a random neighbor node. Unlike them, they do not follow any path or have any
specific destination, thus their behavior looks different to the users. They roam around their initial
places so that their distribution in the environment is quite even, without forming clusters.

4.5. Chunk System

Populating the 3D world with vehicles and pedestrians may affect performance of the game when
their number grows to the thousands. Fortunately, only those in the vicinity of the ego vehicle, at the
possible sight of the player, are required at a given moment. Therefore, the game groups entities into
chunks so that only those nearby the ego vehicle are simulated.

The chunk system is implemented as a dictionary so that chunk coordinates are the key to access
a class object that holds the list of all the entities that are inside this chunk in addition to a variable
that tells us whether this chunk is active or not. (Note that it could include any other entity besides
vehicles and pedestrians.)

Chunks are rectangular cells of a grid that covers all the area of the 3D scene thus, entities belong
to the chunk corresponding to their coordinates divided by the width and height of the cells. The cell
size can be modified but should not be smaller than the size of a city block or too large so that near all
entities are simulated at each simulation cycle.

The activation or deactivation of a chunk depends on the distance from the user’s coordinates. In
the first case, all entities of the chunk are made visible to the user and their execution is resumed, while
deactivation of chunks imply the opposite operations, namely, stopping the execution of the behaviors
of the affected entities and their rendering too, thus saving CPU time and increasing performance of
the simulation.

5. Experimentation

The software is publicly available through GitHub [https://github.com/bemo10/Autonomous_
Vehicle_Simulation] and runs on MS Windows platforms with the Godot engine (version 3.5 stable),
and it can be modified freely. In the folder of the project there is a README.md file with information
about how to select a map for the simulation and the user controls when running the Autonomous
Vehicle Simulation.exe program.

By default, the simulated worlds are assumed to come from areas not larger than 50,000 OSM
nodes and are populated with 10,000 pedestrians and 3,000 vehicles, though only those close to the
ego vehicle will be active, thanks to the chunk system.

The performance of the simulation depends directly on the time to render the scene and,
particularly, on the number of active entities at each cycle, which is related to the size of the chunks.
Table 1 shows how the average frame time increases with the number of active pedestrians and vehicles
on a Windows 10 Home 64-bit computer with 16 Gb DDR4 1600 MHz RAM, an AMD Ryzen 5 3600
6-core CPU and a NVIDIA GeForce RTX 3060 Ti 8Gb GDDR6 GPU.
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Table 1. Average number of frames per second (FPS) with respect to active pedestrians and vehicles.

Active Pedestrians (Avg.) Active Vehicles (Avg.) Frame Time [ms] FPS

6 13 873 114
20 17 9.64 103
30 25 22.74 43
40 15 24.04 40

5.1. User Interaction Assessment

The user attentiveness and reaction speed are measured when a potentially hazardous situation
arises, and he or she must take over the control of the vehicle. These situations appear when the ego
vehicle heads against another vehicle or a pedestrian. In the last case, note that, in addition to the
regular behavior of walking at the sidewalks, pedestrians may eventually cross streets.

The game starts when the user chooses a destination, and the vehicle starts driving autonomously
to that location. The driver must pay attention to other vehicles and to the pedestrian movements to
regain control of the vehicle whenever any risky situation may take place. These cases are randomly
fired at specific points of the journey and, for each case, the delay in taking over control and the
outcome are recorded.

The game ends when the driver gets to the destination, and a report with the data of how has he
or she managed each situation and a final score for that particular journey is displayed and, eventually,
stored for further analyses.

As said, the game measures the time it takes to the driver to get the control of the vehicle from the
moment a potential accident may occur until the moment that some manual input is done. Additionally,
it scores the outcome of the situation, with positive values when nothing happens and negative ones
otherwise. In the current version, the scoring system is simple: it adds 40/t, points for each avoided
accident (t, is the reaction time) and subtracts 50 on car crashes or hitting pedestrians. (Note that, for
the first cases, reaction times are also recorded.)

Table 2 shows a small example of a user test with 4 interactions along a short journey, which
scored 145.9 points. Note that car crashes are assumed not to stop the travel, so to be able to complete
the route and the test.

Table 2. Simulation record of a short journey with 4 events.

Interaction with ... QOutcome Reaction Time [s] Points
Vehicle Accident avoided 0.506 +79.1
Pedestrian Accident avoided 0.701 +57.1
Vehicle Accident occurred N/A -50.0
Pedestrian Accident avoided 0.670  +59.7

6. Discussion and Conclusion

Paradoxically, the more the technology provides us with safety while traveling in a vehicle, the
easier drivers get distracted or pay less attention to driving. These phenomena are studied to develop
technology that prevents their adverse effects from taking place. Notably, some studies conclude that
one of the best strategies is drivers’ education, which includes acquiring knowledge about ADAS and
ADS and training.

Studies and onboard technology (ADAS, ADS, DMS, HM], ...) development and validation
require experimentation with drivers. While experimentation with actual vehicles and realistic
simulators are still required, the only way to make large experiments and reach a broader audience is
by using software than can be run in affordable platforms.
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In this work, we prove that technology is mature enough to develop such type of software by using
open-source tools such as OpenStreetMap and Godot game engine. The result simulation framework
[https:/ /github.com/bemo10/Autonomous_Vehicle_Simulation], though simple, can create a 3D
world from a real region of interest taken, at its turn, from OSM, and of let users drive a PAV in it, with
other autonomous vehicles and pedestrians moving around and causing situations that make the ego
vehicle ADS requiring them to take over the control.

A basic scoring system is used to foster players to minimize their reaction times and to provide a
simple example of how the framework can be used to train drivers to face these situations. Anyway;, it
can be hidden or modified to adjust it to the needs of any study or learning objectives, as well as the
types and frequency of situations drivers’ run into.

The software simulator reduces its computational power requirements by simulating only the
objects that are in the chunks close to the ego vehicle and, therefore, it is possible to include other
classes of objects and, particularly, traffic lights or signs. Additionally, the 3D scene can be enriched
with non-essential details to get a better level of realism. This option, however, should be included
without compromising simulation execution performance.

With this development, we believe that it is possible to use this kind of “light” simulation games
to make studies with a larger number of participants and, though results might not be as accurate as
with a more realistic platform, they would be more representative of the population. And, last but not
least, they might be more useful as educational tools (e.g. in driving schools) and as complementary
tools for psychometric tests.
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Abbreviations
The following abbreviations are used in this manuscript:

ADS Advanced driving system
ADAS  Advanced driver-assistance system

AEB Autonomous emergency braking
API Application programming interface
CAS Collision avoidance system

CPU Central processing unit
DMS Driver-monitoring system
GPS Global-positioning system
HMI Human-machine interface
NDRT Non-driving related tasks
OSM  OpenStreetMap

PAV Partially automated vehicle
RPM Revolutions per minute
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