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IMPORTAN

This document serves as a template for deliverables and follows a proposal structure. The
mandatory sections include: Executive Summary, Introduction and Objectives, and
Conclusions. The remaining sections are customizable.
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Project’'s summary

The main objective of BERTHA is to develop a scalable and probabilistic Driver Behavioural
Model based mostly on Bayesian Belief Networks (BBN). The DBM will be implemented on an
open-source HUB (repository) to validate the technological and practical feasibility of the
solution with industry, and provide a distinctive approach for the model worldwide scalability.
The resulting DBM will be translated into a simulating platform, CARLA, using various
demonstrations which will allow the construction of new driving models in the platform.

BERTHA will also include a methodology which, using the HUB, will allow to share the model
with the scientific commmunity, in order to facilitate its growth.

The project includes a set of interrelated demonstrators to show that the DBM can be used as
a reference to design human-like, easily predictable and acceptable behaviours of automated
driving functions in mixed traffic scenarios.

BERTHA is expected to go from TRL 2 to TRL 4. The requested EU contribution is €7,981,801.
The consortium, formed by several entities from different countries, deems this Project as
vitally relevant to the CCAM industry due to its impact for safer and more human-like CAVs
and its market and societal adoption.

Document details

Deliverable type Code (SCENIC scripts) & descriptive report.
Deliverable n° D4.2

Deliverable title Runnable scenario scripts for simulation
Lead beneficiary CVC-CERCA

Work package and WP4 -T4.2

task

Document version 11

Contractual delivery April 2025

date

Actual delivery date May 2" 2025

Dissemination Level Public

Purpose SCENIC scripts (.scene) instantiating different executions (scenarios)

of the UCs of BERTHA project (D1.1) in CARLA simulator.
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Document’'s abstract

WP4 involves training Als to learn from or cooperate with a DBM in the context of autonomous
driving and driving assistance. This allows us to evaluate the DBM's utility. The corresponding
experimentation will be conducted in the open-source CARLA simulator. Regardless of the driving
experiences considered in WP4 (including random driving), it is necessary to cover the use cases
(UCs) defined in WP1. These consist of five UCs, with one more added from WP4. These UCs have
been codified as six “scenic” scripts using the SCENIC language.

For this deliverable, these “scenic” files have been orchestrated to generate 1,000 executable
“scene”files, which, in WP4 terminology, are the pursued scenarios. Each scenario differs from the
others in the parameter values, which involve location, weather, spawning points for traffic
participants, speed of participant vehicles, distance between participant vehicles, etc. To
determine these parameters and their range of feasible values, BERTHA's deliverables D1.1and D1.2
have been considered. Moreover, the scenario generation accounts for a common development-
validation split.

Document’s revision history

The following table describes the main changes done in the document since it was created.

REVISION DATE DESCRIPTION AUTHOR (PARTNER)

V1.0 April 30,2025 1st complete version Antonio M. Ldépez, Alex F. Levy,
Rubén Abad

V1.1 May 2", 2025 Modified links to download Andrés Soler, Helios de Rosario (IBV)

scripts and videos
Final version after revision

Terminology and acronyms

TERM/ACRONYM EXPLANATION

DBM Driver Behavioral Model

Disclaimer

THIS DOCUMENT IS PROVIDED "AS IS" WITH NO WARRANTIES WHATSOEVER, INCLUDING ANY
WARRANTY OF MERCHANTABILITY, NON-INFRINGEMENT, FITNESS FOR ANY PARTICULAR
PURPOSE, OR ANY WARRANTY OTHERWISE ARISING OUT OF ANY PROPOSAL, SPECIFICATION,
OR SAMPLE.

Any liability, including liability for infringement of any proprietary rights, relating to the use of
information in this document is disclaimed. No license, express or implied, by estoppels or
otherwise, to any intellectual property rights are granted herein. The members of the project do
not accept any liability for actions or omissions of project members or third parties and disclaim
any obligation to enforce the use of this document. This document is subject to change without
notice.

Funded by the European Union. Views and opinions expressed are however those of the
author(s) only and do not necessarily reflect those of the European Union or the European
Climate, Infrastructure and Environment Executive Agency (CINEA). Neither the European Union
nor the granting authority can be held responsible for them.
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1. INTRODUCTION AND OBJECTIVES

This deliverable (D4.2) is a direct result of task T4.2 of WPA4.

Within the context of WP4, proof-of-concept demonstrations are developed to showcase the
potential uses of DBMs. These demonstrations are organized as tasks. Except for task T4.8, all
other demonstrations are carried out using the CARLA simulator [1].

Essentially, in a demonstration, a system is subjected to a driving experience. This system can
range from an Al for autonomous driving to an Al that supports human driving. The idea is to
see how DBMs can help the system achieve better results in some aspects of interest.

In any case, this leads us to the need to design and implement the aforementioned driving
experiences in the CARLA simulator. For this, there are two fundamental aspects:

e Maintain close collaboration with WP, responsible for DBM development, with the aim of
establishing relevant driving experiences.

e Determine the best way to implement these driving experiences in the CARLA simulator.

More specifically, each driving experience can be divided into two logical components: one
static, the other dynamic. The static component defines a traffic event; for example, a simple
case would be stating that “a vehicle has to make a left turn at a traffic-light-controlled
intersection.” The dynamic component is established by the details; in the previous example,
this would involve setting the speed at which the vehicle approaches the traffic light, the type
of vehicle, the sensors on board, the state of the traffic light, etc. In the context of WP4, we
term scene to an example of the static component, while we term scendario to an example of
the dynamic component. In short, the scenarios can be seen as instances of the scenes.

Deliverable D4.2 focuses on scenarios, and it is complemented by deliverable D4.1 that
focuses on scenes. These deliverables actually consist of executable code, but we
complement the code with documents providing the necessary context for a good
understanding. Accordingly, this document focuses on scenarios. It isrecommended to read
the document associated with D4.1 first [4].

2. METHODS

In document D4.1 we have already stated that we have used SCENIC [5] to codify driving
experiences in CARLA simulator [1]. In particular, we cover the UCs defined in D1.1 [2] (WPT) and
an additional one, these are:

e UCI: “Collision risk avoidance” on highway. File: ucl_collision_risk_avoidance.scenic
e UC2: “Insertion on highway”. File: uc2_insertion_on_highway.scenic

e UC2b: “Insertion on new highway lane due to current lane termination”. File:
uc2b_insertion_on_new_highway_lane.scenic

e UC3: “Pedestrian crossing” in urban area. File: uc3_pedestrian_crossing.scenic

o UC4: “Left turn at urban intersection”  with traffic lights. File:
uc4_left_turn_at_urban_intersection.scenic

e UCS: “Pull back in” on urban highway. File: uc5_pull_back_in.scenic

* X x FU nded b Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not
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Each UC has associated parameters, each parameter with potential values on a range. By
instantiating such parameters, we obtain a particular scenario in the WP4 terminology.
Accordingly, we have proceeded as follows for each UC:

1. ldentify the plausible range of values for each parameter.
2. Set specific values to have a deterministic split in terms of development and validation
phases (please, refer to D4.1 [4] for the introduction of these concepts).

2.1. Parameters defining each UC and their range of values

In addition to consider BERTHA's deliverable D1.1 [2], where the UCs are introduced, to define
a plausible range of values for the parameters of interest we have relied on deliverable D1.2 [3],
where UCs are described with an additional level of detail with the purpose of collecting driver
surveys to categorize them. We have also relied on the CVC-CERCA experiences in the field of
autonomous driving.

For UCI, we relied on D1.2 - page 23. As a result, we have established the parameters and range
of values shown in Figure 2.1.1. Analogously, for UC2, we relied on D1.2 - page 24, giving rise to
the parameters and ranges shown in Figure 2.1.2. Inspired by UC2, we worked on UC2b,
obtaining the setting shown in Figure 2.1.3. For UC3, UC4, and UC5 we relied on D1.2, pages 24,
25, and 26, respectively; establishing the parameters and their ranges shown in Figures 2.1.4,
2.1.5, and 2.1.6, respectively.

A
| —» Speed [Slow {60-70km/h), Moderate(70-80km/h), Fast{80-90km/h)]
. . ) Speed [Slow (70-80kmih), Moderate(80-30km/h), Fasy90-100km/h)]
-+ WVehicle B
" Spawring g‘;?"ce From [Close (30-50 m), Moderate (50-70 m), Far (70-100 m)]
! 5 ing Di F
| L/ PEWTHIN E';;am om [Close (30-50 m), Moderate (50-70 m), Far (70-100 m)]
- S
Ego e i [~0s,510s, 10-155]
Vehicle Stop timing
Ending Condition : { Vehicle B can see Ego Vehicle ) and { distance from Vehicle B to Ego Vehicle > 50m )
Vehicle A -

Figure 2.1.1. Parameters to instantiate UCT and their range of values.
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A
ey — Speed [ Slow (60-80km/h), Moderate(80-100km/h), Fast{100-120km/h)]
i =]
T Spawning Distance " . "
A Betwean Flow Cars [Close (20-30 m), Moderate (30-50 m), Far (50m-100mj)]

Ending Condition : Ego Vehicle reaches 20 m after insertion

Ego
Wehicle

Figure 2.1.2. Parameters to instantiate UC2 and their range of values.

: Barrier —» Speed [ Slow (60-80km/h), Moderate{80-100km/h), Fast{100-120km/hj)]

Spawning Distance

il e [Close (20-30 m), Moderate (30-50 m), Far (50m-100mj]

T Spawning Distance Ego

= From Barrier [Close (50-100 m), Moderate (100-200 m), Far (200-400 m)]

Ending Condition : Ego Vehicle reaches 50 m after the barrier

Ego
Vehicle

Figure 2.1.3. Parameters to instantiate UC2b and their range of values.

i — > Speed Stopped, Slow (2-4 kmfh), Moderate(4-6 km/), Fast{g-8 km/h]
S D [ Stopp ( ) ( ). Fast{ )|
Obsiructing [ Parked car, Bus Stop, None, Bin]
- Object : * A
T Trigger Pedestrian [Close (3-5m), Moderate (5-10m), Far (10-20m)]
Obstructing s Crossing
Object
I ] Spawning Distance [Close (20-30m), Moderate (30-50m), Far (50-100mj]
- ; u I Ending Condition : Ego Vehicle reaches 100 m away from pedestrian
Ego
Vehicle

Figure 2.1.4. Parameters to instantiate UC3 and their range of values.
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Speed [ Stopped, Slow (20-30km/h), Moderate(30-45kmih), Fast(45-60km/h)]

Spawning Distance From

Intersection [Close (20-30 m), Moderate (30-50 m), Far (50m-100mj]

Spawning Distance From [Close (20-30 m), Moderate (30-50 m), Far (50m-100m)]
Intersection

Vehicle B *

Ending Condition : Ego Vehicle reaches the end of the lane that he entered into

Figure 2.1.5. Parameters to instantiate UC4 and their range of values.

Speed [Slow (60-70km/h), Moderate(70-80km/h), Fast(80-20km/h)]

Trigger Lane Change [Close (0-2 m), Moderate (2-7 m), Far (7-20 m}]

i Spawning Distance From

Ego [Close (20-40 m), Moderate (40-60 m), Far (60-80 m)]

Ego
Vehicle

Ending Condition : { Ege Vehicle can see Vehicle B ) and { distance frem Ego Vehicle to Vehicle B > 60m )

Vehicle B

Figure 2.1.6. Parameters to instantiate UC5 and their range of values.

2.2. Development - Validation Split

Technically speaking, at execution time we can set each UC parameter with a random value
from its range. By doing so for all the parameters of the UC, we obtain a specific instance of
the UC, i.e, a scenario in WP4 terminology. In SCENIC terms, we are generating multiples
“scene”files from a single “scenic”, which can be done via an orchestrator Python script. Note
that the “scene”files are those executed to produce the desired driving experiences in CARLA

simulator.
* X x FU nded b Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not
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Hence, if we need to use different scenarios to develop and validate an Al, we can do it, for
instance, by using different development and validation random seeds to set parameter
values. However, it is common practice to have a fixed split in terms of development and
validation scenarios. In this way we can assess Al development progress with less
computation, since changing random seeds would lead to K-fold validation procedures. Note
that when developing some Al modes (as those for autonomous driving), the number of hours
employed to collect data, train the models, and validate them, can become prohibitive unless
considerable computational resources are available. This is why, in the context of WP4, we
propose a particular development — validation split. However, this is not incompatible with
generating more scenarios if the task at hand requires it during the rest of the BERTHA
project.

3. RESULTS

3.1. Generated scenarios: development-validation split

Table 1 summarizes the number of scenarios that we have generated for the development-
validation split. Note that there is a total of 1,000 “scene” files, 508 for development and 492
for validation. These variations include selecting four out of nine weathers for development,
and four out of seven for validation.

Table 1. In what town (Tnn) run the scenarios corresponding to the UCs, and how many are considered.
Yellow means that the scenarios are planned to be used for validation purposes, blue for development
purposes, green for both, and white means no used. Total number of “scene” files: 508 + 492.

Total Total
Develop. Validation

100

36

64
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3.2. Generated scenarios: organization and distribution

The “scene” and “scenic” files are organized under the same directory structure, where a
README.md explains the relevant installation and usage details. Figures 3.2.1 and 3.2.2 depict
snapshots of this structure.

v bertha_scenic
uc1_collision_risk_avoidance.scenic
uc2_insertion_on_highway.scenic
uc2b_insertion_on_new_highway_lane.scenic
uc3_pedestrian_crossing.scenic
ucd_left_turn_at_urban_intersection.scenic
ucS_pull_back_in.scenic

> maps

v scenes_development
uc1_collision_risk_avoidance
uc2_insertion_on_highway
uc2b_insertion_on_new_highway_lane
uc3_pedestrian_crossing
uc4_left_turn_at_urban_intersection
ucS_pull_back_in

v scenes_validation
uc1_collision_risk_avoidance
uc2_insertion_on_highway
uc2b_insertion_on_new_highway_lane
uc3_pedestrian_crossing
ucd_left_turn_at_urban_intersection
ucS5_pull_back_in

Scenic

@ Ccreate_scenes.py
README.md
record_video_scene.py
record_video.sh

replay_scene.py

Figure 3.2.1. Structure of the directory containing the “scenic” and “scene” files. We can see how the
executable scenarios (“scene” files) are split into development and validation. Inside each “uc” directory, the
scenarios are also distributed in different subdirectories corresponding to CARLA’s towns (see Figure 3.2.2). A
README.md explains the relevant installation and usage details.

v scenes_development

- uc1_collision_risk_avoidance

> TownO5s

» Town06

Figure 3.2.2. The scenarios are also separated per town.
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We can find this content in THIS LINK. This can be considered the core content of both D4.1
and D4.2. In any case, as the BERTHA tasks in WP4 evolve, now it will be relatively easy to
modify this content to accommodate to arising needs.

In order to check visually how the scenarios translate into CARLA's driving experiences, we
have generated a video for each of them from a camera following the ego-vehicle. However,
to keep a low hard disk consumption, we have applied video compression. Note that these
videos will be only used for visual checks, they are not going to be processed by any automatic
procedure. Please, note also that at the moment, the vehicle behaviours are just
“placeholders” based on a rule-based approach, since at this point of BERTHA project DBMs
have not been released to control these vehicles. The videos can be found in THIS LINK. As
a quick visual feedback, Figure 323 shows some frames corresponding to the
“instance_town_TownO6_adv_speed_I1_adv_switching_1_adv_spawning_0_weather_WetClo
udyNoon.scene” scenario based on “uch5_pull_back.scenic”.

e

. |

Figure 3.2.3. Shots from an scenario generated for the UC5 (“pull back in” on highway). See the conceptual
scheme in Figure 2.1.6.

* *ox FU nded b Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not
* Tk Yy : : . . .
* * . necessarily reflect those of the European Union or the European Climate, Infrastructure and Environment Executive
Fapx the European Union Agency (CINEA). Neither the European Union nor the granting authority can be held responsible for them.

12



Deliverable 4.2: Runnable scenario scripts for simulation BERTHA=S O

4. CONCLUSIONS

In order to generate different scenarios for BERTHA's UCs [2], UC descriptions in [3] have been
considered. Accordingly, for each UC, relevant parameters have been defined together with
their feasible range of values. Scenario stopping conditions have been set too. Using SCENIC
[5], this content has been stablished in the six “scenic” files covering the UCs. Then, for all
“scenic” files an orchestrator script has generated 1000 scenarios, i.e., “scene” files in the
SCENIC terminology. Each scenario differs from the others in the parameter values, which
involve location, weather, spawning points for traffic participants, speed of participant
vehicles, distance between participant vehicles, etc. Moreover, the scenario generation
accounts for a common development-validation split.

In conclusion, in WP4 terminology, the devised scenarios have been successfully generated.
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