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IMPORTANT 

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. 

 

  



 

 

D2.2 Data Format and Common Acquisition Principles 

4 

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. 

4 

EXECUTIVE SUMMARY 

BERTHA’s details 

The BERTHA consortium 

 

  

Project name BEhavioural ReplicaTion of Human drivers for CCAM 

Project acronym BERTHA 

Grant Agreement 
number 

101076360 

Duration and dates 36 months (1 November 2023 – 31 October 2026) 

Call and topic HORIZON-CL5-2022-D6-01-03: Safe, Resilient Transport and Smart 
Mobility services for passengers and goods 

Granting authority European Climate, Infrastructure and Environment Executive Agency 
(CINEA), under the powers delegated by the European Commission 

Official project website https://berthaproject.eu/ 

Nº NAME ROLE COUNTRY 
1 INSTITUTO DE BIOMECANICA DE VALENCIA (IBV) Coordinator Spain 
2 INSTITUT VEDECOM (VED) Beneficiary France 
3 UNIVERSITE GUSTAVE EIFFEL (UGE) Beneficiary France 
4 DEUTSCHES FORSCHUNGSZENTRUM FUR 

KUNSTLICHE INTELLIGENZ GMBH (DFKI) 
Beneficiary Germany 

5 CENTRE DE VISIO PER COMPUTADOR (CVC-CERCA) Beneficiary Spain 
6 ALTRAN DEUTSCHLAND SAS & CO KG (CAP) Beneficiary Germany 
6.1 VORTEX - ASSOCIACAO PARA O LABORATORIO 

COLABORATIVO EM SISTEMAS CIBER-FISICOS E 
CIBERSEGURANCA (VOR) 

Affiliated entity Portugal 

7 CONTINENTAL AUTOMOTIVE FRANCE SAS (CON) Beneficiary France 
8 FUNDACION CIDAUT (CIDAUT) Beneficiary Spain 
9 AIT AUSTRIAN INSTITUTE OF TECHNOLOGY 

GMBH (AIT) 
Beneficiary Austria 

10 UNIVERSITAT DE VALENCIA (UVEG) Beneficiary Spain 
11 EUROPCAR INTERNATIONAL Beneficiary France 
12 F. INICIATIVAS, CONSULTADORIA E GESTAO, 

UNIPESSOAL, LDA (FI) 
Beneficiary Portugal 

12.1 F. INICIATIVAS ESPANA I MAS D MAS I SLU (FI_ES) Affiliated entity Spain 
13 PANASONIC AUTOMOTIVE SYSTEMS EUROPE GMBH 

(PAN) 
Beneficiary Germany 

14 THE KOREA TRANSPORT INSTITUTE (KOTI) Associated 
partner 

Korea 
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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 community, 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 14 entities from 6 countries, including South Korea, 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 Other 
Deliverable nº D2.2 
Deliverable title Data Format and Common Data Acquisition Principles 
Lead beneficiary VED 
Work package and 
task 

WP2 Task 1 

Document version 1.0 
Contractual delivery 
date 

M10 

Actual delivery date 2024/09/25 
Dissemination Level PU-Public 
Purpose This document establishes a standardised data acquisition, 

processing, and sharing methodology among project partners. It 
aims to ensure the integrity, security, and consistency of data 
collected from various sources, facilitating effective collaboration and 
model validation. Additionally, it outlines guidelines for data 
recording campaigns, formal representation of collected information, 
and adherence to partners' requirements and expectations. 
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Document’s abstract 

This document outlines a comprehensive data acquisition, format, and sharing methodology 
to meet partners' expectations in BERTHA. Background information on current data 
acquisition technologies is provided. We establish guidelines for data integrity and quality 
assurance through detailed analysis. The main conclusions highlight the importance of 
standardised processes and data-sharing agreements to ensure consistency and reliability 
across the project. 

Document’s revision history 

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

REVISION DATE DESCRIPTION AUTHOR (PARTNER) 

V.0.1 2024/05/24 Initial Draft Carolina Perdomo (VED) 

V.0.2 2024/07/11 Section 3 and 4 inputs. Steve Pechberti, Carolina 
Perdomo (VED), J.M. Belda, 
Hélios de Rosario Martínez (IBV), 
Thierry Bellet, Jean-Charles 
Bornard (UGE), Kristin Tovaas 
(AIT), Shreedhar Govil (DFKI). 

V.0.3 2024/07/16 Previous Section 5 was 
integrated into Section 4. 
Sections 6 and 7 were 
combined and updated to 
meet deliverable 
requirements; Links to WP1 
and WP3 are mentioned. 

Carolina Perdomo, Steve 
Pechberti (VED). 

V.0.4 2024/07/18 First draft of the conclusion 
added, section 3 completed 
with final inputs. 

Carolina Perdomo (VED), Hélios 
de Rosario Martínez (IBV). 

V.0.5 2024/07/23 References were in a mix of 
APA style and IEEE, this was 
correct to be just IEEE as this 
is a technical report. 

Carolina Perdomo (VED). 

V.0.6 2024/07/26 Modifications in Section 4 
introduction and inputs. 
Inputs in Section 5. Addition 
of the last acronyms. 

Steve Pechberti, Carolina 
Perdomo (VED), Thierry Bellet 
(UGE), Rubén Abad Prados (CVC), 
Shreedhar Govil (DFKI). 

V.0.7 2024/08/08 Last inputs in Section 4. 
Revision conclusions. 

Sébastien Lacrampe (EUR), 
Farhood Negin (CON), Eduardo 
Cervantes (CAP). 
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Terminology and acronyms 

TERM/ACRONYM EXPLANATION 

ADAS Advanced Driver Assistance Systems 

BSON Binary JSON 

CAV Connected Autonomous Vehicles 

CCAM Connected, Cooperative and Automated Mobility 

CINEA Climate, Infrastructure and Environment Executive Agency 

CSV Comma-Separated Values 

DBM Driver Behavioral Model 

DDS Data Distribution Service 

EC European Commission 

FOTs Field Operational Tests 

GDPR General Data Protection Regulation  

HAV Human Autonomous Vehicle 

HDF5 Hierarchical Data Format version 5 

IDL Interface Definition Language 

IEEE Institute of Electrical and Electronics Engineers 

ISO International Organization for Standardization 

JSON JavaScript Object Notation 

LiDAR Light Detection and Ranging 

LSL Lab Streaming Layer 

ROS Robot Operating System 

SOPs Standard Operating Procedures 

V.0.8 2024/08/23 Improved draft based on 
DFKI’s review. Link with T1.3 
add. 

Carolina Perdomo (VED). 

V.1.0 2024/09/17 Addressing comments Carolina Perdomo (VED) 
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TBD To be determined 

UC Use case 

UTF-8 Unicode Transformation Format - 8-bit 

XML eXtensible Markup Language 

YAML YAML Ain't Markup Language 

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 
Learn do not accept any liability for actions or omissions of Learn 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 

1.1. Overview 

This document outlines the comprehensive data acquisition principles and formats required 
to develop and process BERTHA's Driver Behavioural Model (DBM). It provides detailed 
guidelines on general data acquisition practices involving simulations and some instrument 
technologies, including cameras and other advanced devices. These guidelines include 
recommendations for all acquisition campaigns and requirements based on partners' 
expectations. 

Given the significant volume of data generated by automated vehicles—estimated at 
approximately 25 gigabytes per hour for lower levels of autonomy [1]—the need for efficient 
data management, analysis, and processing is critical in this field. As more self-driving features 
are integrated into connected cars, the data architecture needed to support these 
advancements will become progressively more intricate. For instance, a single simulation 
with four volunteers to collect data for a model comparable to a DBM can produce 
approximately 69,000 data samples [2], encompassing a wide range of driving scenarios and 
conditions. 

This document addresses these needs by establishing best practices in data acquisition, 
sharing, and labelling, ensuring that the data collected is suitable for developing, validating, 
and refining the DBM. 

Additionally, this document provides the first necessary frameworks and guidelines for the 
BERTHA project's data formats, which are essential for consistency in data processing across 
various modules. These modules include perception, risk awareness, decision-making, 
affective response, and motor function. The established data formats are the initial standards, 
subject to future revisions as the project evolves. 

1.2. Objectives 

The primary objective of this document is to define the scope for data acquisition, format, and 
sharing necessary for the development of BERTHA's DBM. This includes: 

● Provide an overview of the data acquisition campaigns for simulation, with their 
respective instruments and sensors, to ensure the accuracy, integrity, and quality of 
the collected data for the DBM. 

● Introduce the general methodology for model parameterization, including labelling 
and tagging practices. 

● Establish the required data formats and standards for data collection across the 
project's key modules: perception, risk awareness, decision-making, affective, and 
motor. 

● Outline the data-sharing requirements necessary for effective collaboration among 
project partners and to meet their expectations. 
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Figure 1. Main areas considered for accomplishing BERTHA’s D2.2 objectives. This document summarised 
the data acquisition, formats, and sharing among BERTHA partners. 

1.3. Structure of the report 

This document is structured as follows, providing a comprehensive coverage of the topics in 
Figure 1: 

● Section 2-Generalities About Data Acquisition: This section provides foundational 
knowledge on data acquisition in the field, emphasising its importance in automated 
vehicle development. It gives an introduction to the technologies and tools used in 
data collection. 

● Section 3-Recommendations for All Acquisition Campaigns: Here, we outline the 
standard operating procedures (SOPs), quality control measures, and data collection 
strategies essential for the project. The section also discusses the formalism for 
representing collected data, incorporating dynamic data and metadata. We also linked 
to the work done in other Work Packages, specifically WP 1. 

● Section 4-Data Sharing Requirements According to Partners’ Expectations: This 
section details the data sharing requirements, ensuring that partners can effectively 
collaborate while maintaining data integrity and communication. 

Section 5-File Formats for Data Processing: This section introduces the recommended file 
formats for the BERTHA project, covering module-specific formats. It also discusses the 
general methodology for model parameterization, including the practices for labelling and 
tagging data to support accurate and consistent model development. 
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2. GENERALITIES ABOUT DATA ACQUISITION 

2.1. Definition and Importance of Data Acquisition 

Data acquisition involves systematically gathering and measuring information from various 
sources to generate a comprehensive dataset for analysis. This is important for BERTHA’s 
collaborative project environment, which integrates simulations and actual Field Operational 
Tests (FOTs) to ensure all partners can access consistent, high-quality data. This enables 
accurate model parametrization and validation, fosters effective collaboration, and supports 
the integration of diverse datasets, ultimately leading to more reliable research outcomes. 

2.2. Data Acquisition Technologies and Tools 

Simulators can collect data by replicating driving scenarios with their environmental 
information. By developing an interdisciplinary methodology, we can analyse the behavioural 
and physiological responses related to the interaction between the driver, the vehicle, and the 
virtual environment. 

In autonomous vehicle research, simulation software plays a vital role in the development and 
testing of algorithms. Notable examples include CARLA [3], an open-source simulator that 
offers realistic urban environments and extensive sensor configurations. Similarly, others, like 
the LGSVL Simulator [4], provided high-fidelity environments tailored for scalable testing of 
autonomous driving systems. Additionally, MATLAB/Simulink [5] is extensively utilised for the 
modelling, simulation, and analysis of dynamic systems, proving indispensable in train control 
systems. These tools collectively increase the reliability of autonomous vehicle models before 
deployment in real-world scenarios. 

However, diverse data acquisition technologies and tools can also be employed to test 
models. For instance, during the SUaaVE project [6], MATLAB was used as the numerical 
simulation software. Physiological metrics were recorded using sensors, specifically the 
Empatica E4 wristband, which measures various physiological signals. This wristband was 
utilised during authentic road trips for initial pilot measurements to collect physiological data 
from drivers and co-drivers. These measurements were essential to the data collection 
process to refine the project plan and gather initial data for analysis. 

For FOTs, vehicles have various sensors to record comprehensive data, including cameras, 
radars, and GPS units. These sensors capture metrics such as brake pressure, steering angle, 
and other vehicle dynamics. Lights activation is also monitored to ensure a holistic view of the 
vehicle's operation. Good sensory information is essential for vehicle perception; with it, we 
can achieve higher levels of automation. 
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3. RECOMMENDATIONS FOR ALL ACQUISITION CAMPAIGNS 

Data acquisition is an essential process in BERTHA. In BERTHA's case, data acquisition 
campaigns will be structured to systematically collect data from different sources 
(simulations; FOTs) to meet the project objective of developing the DBM. These campaigns 
will gather sensor data from participants and test vehicles. The collected data will be 
necessary for training and validating the DBM. 

As can be seen, it is essential to establish comprehensive guidelines and best practices to 
ensure the success of these future campaigns. This section outlines critical recommendations, 
including standard operating procedures, quality control measures, and effective data 
collection strategies. A formalism for representing collected information is proposed to 
standardise and enhance the accuracy and usability of the data gathered across various 
campaigns. These recommendations aim to facilitate consistency, reliability, and ethical 
integrity in acquiring and managing data, ultimately supporting the project's goals. 

3.1. Standard Operating Procedures (SOPs) 

3.1.1. Definition and Importance of SOPs 

A Standard Operating Procedure (SOP) is a detailed, written set of instructions designed to 
guide the completion of specific tasks by industry regulations, legal requirements, and 
internal standards. SOPs are essential for ensuring consistent and quality performance across 
operations. They provide a clear framework for carrying out tasks efficiently and effectively, 
ensuring that every aspect of the operation is performed uniformly [7]. 

In the context of automated vehicles, reproducibility is not just an aspect; it is a necessity in 
data acquisition experiments. This involves defining clear protocols and maintaining detailed 
documentation to ensure that experiments can be replicated under the same conditions. The 
importance of this work cannot be overstated, as it allows for consistent data collection across 
different environments and times, and ensures that any variations in the data can be 
attributed to the tested variables rather than inconsistencies in the experimental setup. 

With this in mind, in assessing and encoding human driving expertise for Autonomous 
Vehicle (AV) safety, the design and implementation of SOPs must address several essential 
requirements to achieve the research objectives effectively. The overarching goal is to collect 
high-quality data capturing expert-driving performance nuances in extreme conditions. 
Based on the key points identified in the research [8], the following principles encapsulate the 
philosophy of SOPs in this domain: 

● Non-Intrusiveness: The data acquisition system must be designed to operate without 
interfering with the driver's performance. 

● High Sampling Rate: The system must acquire data at a sampling rate adequate for 
capturing extreme events. 

● Comprehensive Data Capture: It is vital to capture the vehicle's position and 
movement, including acceleration and rotation, and human inputs such as steering. 
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● Data Synchronisation: Ensuring synchronisation among all collected variables is 
essential for accurate analysis. Data from sensors and systems must be time-aligned 
to provide a coherent picture of each driving event. 

● Uninterrupted Data Collection: The system should be capable of collecting and 
storing data continuously. 

● Offline Data Analysis: Finally, the system must store the collected data for offline 
analysis.  

In the BERTHA project, data acquisition involves recording static and dynamic variables 
influencing driving scenarios [9]. Static variables, like vehicle type, weight, weather, and track 
conditions, are constant throughout the experiment, while dynamic variables, such as vehicle 
dynamics and human responses, change in real-time. These variables are meticulously 
recorded to capture the interplay between the car's motion and the driver's response. 

Therefore, based on these general principles of [8], BERTHA’s project will implement specific 
SOPs to ensure high-quality data collection and analysis: 

● Non-interference with driver performance: The protocols will ensure that data 
acquisition does not influence the driver’s natural performance, maintaining the 
authenticity of the collected data. 

● Adequate sampling rates to capture extreme events: The systems will be designed 
to sample data at rates sufficient to capture rapid and complex driving manoeuvres, 
ensuring detailed analysis of extreme events. 

● Detailed capture of vehicle position and movement: The protocol will describe 
experiments that capture vehicle dynamics, including position, acceleration, and 
others, to provide a comprehensive understanding of driving behaviour. 

● Data Synchronisation: accurate recording of human inputs such as steering, braking, 
and others during BERTHA’s experiments. 

● Uninterrupted Data Collection: the ability to collect and store data continuously 
during BERTHA’s experiments. 

● Offline Data Analysis: VED will construct a data storage solution during T2.5 activities, 
ensuring that collected data is stored for detailed offline analysis for partners. 

Ensuring reproducibility in such complex environments necessitates stringent adherence to 
SOPs, which detail every aspect of the experimental setup and execution. In the following 
Subsections, we delve into this point, although the main deliverable about reproducibility will 
be D2.4. 

3.1.2. Ensuring Reproducibility 

Reproducibility is essential to scientific research, ensuring that different teams consistently 
obtain results using varying experimental setups. In the context of BERTHA, ensuring 
reproducibility means that the measurements we achieve can be replicated with the stated 
precision by an independent team, utilising a different measuring system and conducting the 
experiments in a different location across multiple trials. This rigour in our methodology 
validates BERTHA findings' reliability and increases their credibility within the scientific 
community [10]. 

 

 



 

 

D2.2 Data Format and Common Acquisition Principles 

14 

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. 

14 

● Pre-requirements and Documentation: 

As mentioned in [9], BERTHA's DBM has five essential modules: Perception, Risk Awareness, 
Decision-Making, Affective, and Motor. For each of them, the pre-requirements for ensuring 
reproducibility are outlined in Table 1: 

Table 1. Pre-requirements for ensuring reproducibility. 

MODULE DESCRIPTION 
Perception We will follow specific steps written in DFKI’s SOPs, setting up 

the simulator eye tracker and collecting participant data. The 
SOPs will be provided in written form with supporting 
multimedia images. These steps will be shared in more detail 
in D2.4. 

Risk Awareness & 
Decision-Making 

The data collection during the UGE driving simulator 
experiments will follow a standardised procedure. All 
participants will receive the same information and 
experimental instructions before the session. They will then 
face identical driving scenarios (though presented in a 
randomised order) in which they must assess risk (using 
common measurement scales) and make their decisions 
accordingly by directly operating the same vehicle's controls. A 
detailed description of the experimental procedure and data 
collection process will be provided in D2.4. This will enable the 
same experiments to be reproduced with other participants on 
other driving simulators, provided that the same simulation 
scenarios defined for BERTHA are used. 

Affective & Motor 
Control 

The experimentation done in IBV for the calibration and 
validation of the Affective and Motor Control modules is done 
according to written protocols that specify (a) inclusion and 
exclusion criteria for the selection of participants and target 
distribution of subject profiles - e.g., sex, age, and 
anthropometric or demographic characteristics; (b) 
description of the instrumentation, including models of 
sensors; (c) procedures for configuration and calibration of 
subjects and sensors; (d) detailed procedures for the execution 
of the experiments, including actions to be followed in case of 
failures and unexpected events; (e) a calendar and a template 
for recording the measurement sessions, including schedules 
for subjects' repeated sessions, or a design of experiments that 
involves grouping the subjects for different subsets of 
experiments. That information is part of the binding 
documentation submitted for approval by the Ethical Review 
Board. The experiments involving these modules will be done 
in IBV's facilities for the Bertha project. This includes, if 
necessary, laboratories where lighting, temperature, and other 
environmental conditions can be fixed and controlled. 
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● Selection and Specification of Instruments and Sensors for Simulation: 

IBV: Our setup includes a biosignal acquisition system for recording electrocardiogram, 
respiration rate and galvanic skin response. We use an RGB camera with dedicated software 
for facial expression and for eye-related measurements. Additionally, we have equipped both 
real and simulated car actuators with the necessary instrumentation to capture relevant 
driving data. 

UGE: The driving simulator at UGE consists of a fake car cabin with a steering wheel and 
pedals, providing data synchronised with the simulation. In addition, input data used for 
simulated models of the car are also recorded for comparison. Eye tracking is performed by 
the pupil's lab "pupil core" system, providing data to the simulation for computation, 
synchronisation, and storage. Timestamped data is recorded at a minimal frequency of 30 Hz. 

DFKI: Our simulated driving setup consists of a car interior dashboard with steering, pedals, 
and three projector screens. Eye tracking is performed by head mounted eye-tracking glasses, 
which capture the user's eye images and use deep learning to predict their gaze. Both the eye 
tracking and simulation will be done at least 30 Hz. The simulator and eye tracker are 
temporally aligned at the once start and again at the end of the recording. 

3.2. Quality Control Measures 

Ensuring quality control in data acquisition is an essential aspect that may seem obvious but 
requires meticulous planning and execution. Effective quality control measures must be 
established before experiments to guarantee the accuracy and reliability of the collected data. 
These measures are vital for validating and verifying data, addressing anomalies, and 
maintaining the integrity of the research outcomes. 

Several quality control measures must be implemented to ensure the accuracy and reliability 
of collected data during the acquisition campaigns of BERTHA. Instruments used in the 
experiments related to the Affective & Motor Control module will be calibrated and tested 
according to established protocols with a comprehensive checklist to ensure correct 
operation. Researchers will monitor sensor data during experiments to ensure correct capture 
and apply corrective measures if failures are detected. Raw sensor data will be stored to allow 
for modifications in pre- or post-processing methods without information loss. Detailed 
naming conventions and relevant metadata will be recorded to maintain data integrity, 
consistency, and traceability. Data will be securely stored on servers with daily backups, and 
consistency checks will be conducted early using summary statistics to detect outliers and 
missing data due to transmission failures, incorrect calibrations, or human error. 

In the case of the Risk Awareness & Decision-Making module, technical tests will be 
implemented to ensure data quality regarding synchronisation, acquisition frequency, and 
measurement accuracy before collecting experimental data on the driving simulator of 
Université Eiffel. Finally, for the Perception module, the experiments will be closely monitored 
to prevent data loss or inconsistencies, with experiments being repeated or discarded if issues 
are found. For post-processing, the simulator will run slower for more consistent results, and 
each experiment will be replayed and manually analysed for final validation. These measures 
collectively ensure that the data collected is accurate, reliable, and ready for detailed analysis 
in this module. 
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3.3. Data Collection Strategies 

3.3.1. Infrastructure and Scenarios 
In terms of data collection strategies, specific environmental and contextual factors must 
be accounted for during data collection. In terms of the environment, as defined in D1.1 from 
BERTHA [11], for each Use Case (UC), we have a specific type of road infrastructure that 
partners need to consider. The UCs are categorised as follows: 

1. Collision risk avoidance on highway. 
2. Insertion on highway. 
3. Pedestrian crossing in urban areas. 
4. Left turn at urban intersection (with traffic lights). 
5. Pull back on urban highway. 

Our Use Cases (UCs) are distributed across different environments: two for highway, two for 
urban, and one applicable to both. A detailed description of each use case can be found in 
section 3 of D1.1 [11]. 

On the other hand, regarding contextual factors, part of the dynamic representation of 
variables is centred on the interactions and dynamics of surrounding objects [9]. With this 
in mind, in the current works of T1.2, the central variable parameter considered was the 
distance between the ego car and the other road user to which the ego car must react. In 
specific for each UC: 

1. Collision risk avoidance: Variation of the distance between the ego car and another car. 
2. Insertion: Variation of gap distance between the ego car and another car (position of 

the other car). 
3. Pedestrian crossing: Variation of distance and position between the ego car and a 

pedestrian. 
4. Left turn at an urban intersection (two versions of this UC are used): Variation of the 

gap between the ego car and another car; Variation of the gap between the ego car 
and a cyclist. 

5. Pull back: Variation of distance between the ego car and another car making a cut-in 
manoeuvre (i.e., dangerous lane change) in front of the ego car. 

These parameters are essential for accurately capturing the dynamic interactions within each 
UC and defining different levels of criticality. More details will be provided in D1.2. 

In addition to the environmental and contextual factors outlined, it is interesting to consider 
the ongoing work related to identifying and analysing the parameters that influence driving 
and subsequently affect the outputs of BERTHA's model, as it will be detailed in D1.3. While 
the selection of specific parameters is still in progress, preliminary discussions have 
highlighted the importance of situational factors over individual characteristics in shaping 
driving behaviours. These situational factors are being studied across BERTHA's modules. 

Aspects such as visibility, weather conditions, traffic dynamics, and complexity of driving 
situations, among others, are being examined. These factors will be important in shaping the 
list of parameters to be integrated into the different modules of the DBM. As the work on D1.3 
progresses, further insights will be integrated into our data collection strategies to ensure 
comprehensive coverage of the variables that influence driving behaviours. 



 

 

D2.2 Data Format and Common Acquisition Principles 

17 

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. 

17 

3.3.2. Minimum Data Requirements and Data Collection 

Defining the minimum data set required is essential to ensure that BERTHA's project, with its 
ultimate goal of creating a DBM, meets its objectives. While it may be too early to specify these 
requirements, we will address them comprehensively in the following deliverables focused on 
updating the methodology after experimentation. 

Therefore, we propose refining these specifications in the following deliverables to 
understand the experimental implementation fully. This approach will ensure that our data 
collection is comprehensive and aligned with the project's evolving needs. 

 

Table 2. Estimated minimum data volume required per module (to be detailed in future deliverables). 

MODULE DESCRIPTION 
Perception TBD 

Risk Awareness & 
Decision-Making 

TBD 

Affective TBD 
Motor TBD 

The estimated minimum data volume required per module, as outlined in Table 2, will be 
detailed in future deliverables (D2.3 and D2.4). 

3.4. Formalisms for Representing Collected Information 

The formalism for representing collected information incorporates dynamic data and 
metadata, ensuring an approach to data acquisition that aligns with BERTHA's data model 
outlined in the previous report (D2.1) [9]. 

As detailed in Section 2 of the previous document [9], metadata provides essential contextual 
information that aids in understanding the data acquired during the experiments. It 
encompasses various details that offer insights into the nature and context of BERTHA's 
experiments, as illustrated in Figure 2. The figure presents the metadata structure common 
for one XP instance, highlighting the key elements to the data acquisition. Metadata includes 
parameters related to the use case, time references (e.g., UTC), and space references (e.g., 
WGS84 or OpenDrive format). Additionally, it captures information from driver questionnaires, 
such as driver profile (age, class, experience level) and environmental conditions 
(meteorological and road conditions). 
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Figure 2. MetaData structure common for one XP instance. 

 

On the other hand, dynamic data evolves during the experiment and is categorised into three 
primary areas: human driver data (including physiological information and gaze), vehicle 
state, and environmental factors. These categories are structured to be collected and analysed 
during the experiment, providing real-time insights into the driving scenario, as depicted in 
Figure 3. The figure illustrates the Dynamic Data structure specific for each instant, 
emphasising how this data is captured and organised throughout future experiments. 

 

 

Figure 3. Dynamic Data structure specific for each instant. 
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With this in mind, to achieve uniformity and reliability in the data collected during BERTHA, 
the following guidelines are recommended: 

1. Adopt Unified Data Standards: Use standardised data formats such as WGS84 for 
spatial data and UTC for time references to ensure that data from different 
experiments can be easily integrated and compared. 

2. Consistent Data Structuring: Dynamic data should be consistently categorised into 
human driver data, vehicle state, and environmental factors. This categorization aids in 
the structured collection and analysis of data, making it easier to interpret the real-
time dynamics of each experiment. 

3. Detailed Metadata Collection: Metadata should be meticulously recorded, including 
details about the experiment settings, driver profiles, environmental conditions, and 
use case parameters. This detailed metadata ensures that the context of the data is 
well-documented, facilitating accurate interpretation and analysis. 

4. Use of Unique Identifiers: Implement unique identifiers such as UUIDs for each driver 
and reference IDs for environmental and use case parameters. This practice helps 
maintain the integrity and traceability of the data collected. 

 

By implementing these guidelines, the formalism for representing collected information will 
increase the uniformity and reliability of the data, ensuring that it is consistent with the data 
model presented in the previous report [9]. This approach standardised data collection across 
various campaigns and provided a framework for analysing and interpreting the results of 
each experiment in BERTHA's project. 
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4. DATA SHARING: REQUIREMENTS ACCORDING TO PARTNER’S 
EXPECTATIONS 

With data as a centrepiece of BERTHA's DBM development and validation, partners must 
share it. Data sharing is foundational to Open Science, which aims to promote greater 
interdisciplinary collaboration, accessibility of data, and enhanced reproducibility and 
transparency of scientific work [12]. We must address two different data-sharing contexts to 
facilitate effective collaboration: data collection from real humans in lab experiments for 
developing and validating the modules and the DBM, as explained in Section 3 of this 
document, and the online data exchange between modules and/or between the DBM and 
the CARLA simulator. The former will primarily use the formats for empirical data sharing 
specified in Section 5 and future deliverables. At the same time, the latter could be based on 
other real-time data exchange tools using BERTHA's HUB capabilities. 

Effective data-sharing agreements are pivotal in upholding data integrity and security within 
BERTHA's project collaborative environment. In medium and large-scale collaborations [13], 
where project partners are only sometimes co-located, solutions that facilitate location-
independent data sharing become paramount. This section introduces the dynamic 
management of data permissions during BERTHA and will be addressed in more detail in 
future deliverables D2.3 and D2.4. Also, the HUB architecture is currently being developed in 
WP3, considering definitions of data sharing.  

Given the sensitive nature of some data, it is imperative to mention that data-sharing 
practices adhere to stringent data protection regulations. BERTHA's unwavering 
commitment to compliance with the General Data Protection Regulation (GDPR) [14], which 
aims to standardise data protection measures across the EU, is a testament to our dedication 
to data security. This commitment is designed to instil a sense of security regarding the 
privacy and integrity of shared data. 

4.1. IBV: Expectations and Requirements 

Data sharing in this context has two dimensions: online data sharing and offline data sharing. 

Online data sharing involves real-time communication between different modules of the 
DBM. Lab Streaming Layer (LSL) [15] is designed to stream, receive, synchronise, and record 
signals from different sensor hardware at different sampling frequencies. 

There are other alternatives to LSL, such as ZeroMQ [16], A high-performance asynchronous 
messaging library for use in scalable distributed or concurrent applications. ROS (Robot 
Operating System) [17] provides libraries and tools that can be adapted for data sharing in our 
context. 

Offline data sharing is required for the model to be built up. The data processed will be 
shared with Universitat de València to build up the probabilistic components of the models. 
The data shared will be the context variables and the drivers' responses to different stimuli 
designed to create different affective states and alter the driving dynamics. The files will be 
anonymized. Files will follow the recommendations of Section 4.7 in this document. 
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Data required from other partners 

The Motor Control Module requires real-time inputs from the Affective Module to adjust 
driving dynamics based on the driver's current state. It also needs the predicted path from 
either the Perception Module or the Decision-Making Module. Additionally, real-time events 
from the Risk Awareness Module may be necessary. 

The Affective Module requires input from the Risk Awareness Module, as imminent risks 
affect the driver's emotional state. The perception Module requires information that can 
potentially affect the driver's state: lighting conditions (daylight or nighttime), weather 
conditions (rain, fog, sunny, cloudy), and traffic density (average speed and volume). 

Both the Affective and Motor Control Modules are parametric models based on demographic 
and skill-related data about the driver to tailor their operations accordingly. 

Restrictions on sharing the data 

We are currently defining these restrictions; in any case, information potentially related to 
participants' privacy will be retained at IBV. 

4.2. UGE: Expectations and Requirements 

Data sharing will allow cognitive modules to communicate with other modules of the DBM, 
providing either decision or computed risk of a situation or feeding cognitive processes with 
perceptive data. Mandatory data for the decision-making and risk awareness modules come 
directly from CARLA simulation or perception modules via a real-time communication 
protocol. 

Data sharing will be done either during the simulation or after it. Live data sharing will use 
Lab Streaming Layer, a networked middleware ecosystem to stream, receive, synchronise, 
and record data. If mandatory, ROS tools can also provide live data from the decision and risk 
awareness module. All data available online will be available offline, using time-stamped data 
frames. 

Data collected among human participants during the experiment implemented on the UGE 
driving simulator will be anonymized before sharing, ensuring the highest level of privacy and 
ethical considerations. 

4.3. CVC: Expectations and Requirements 

Data sharing during experimentation can have a negative impact if a significant part of this 
experimentation requires or is based on real-time behaviour (i.e., human data acquisition with 
a simulator). This is why the underlying technology responsible for this communication is so 
important.  

ROS2 is a good candidate because it is a well-proven industrial framework and delegates its 
communications system to an implementation of the DDS (Data Distribution Service) 
specification. The main characteristics of ROS2/DDS communications are: 



 

 

D2.2 Data Format and Common Acquisition Principles 

22 

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. 

22 

Focused on real-time communications: DDS addresses the real-time data exchange needs 
of applications within the aerospace, defence, air-traffic control, autonomous vehicles, 
medical devices, robotics, power generation, simulation and testing, smart grid management, 
transportation systems, and other applications. 

Integration with CARLA: ros_bridge, a ROS2 package of the CARLA ecosystem, allows CARLA 
to communicate from/to other ROS2 nodes. 

Agnostic to the underlying architecture of the clients: A common problem when 
communicating computers with different architectures is the serialisation/deserialisation of 
the information due to specific architecture properties like endianness or floating point 
codification. The DDS middleware solves these problems. 

Ease to define and share data message specifications: ROS applications typically 
communicate through interfaces of one of three types: messages, services, and actions. ROS2 
uses a simplified description language, the interface definition language (IDL), to describe 
these interfaces. This description makes it easy for ROS tools to automatically generate source 
code for the interface type in several target languages. 

A set of predefined message types: ROS2 builts a set of common message definitions aimed 
at robotic apps, such as whatever could come from a sensor (depth, image, IMU, Temperature, 
GNSS, and others) to outputs such as Ackermann parameters. 

Freedom to choose and change DDS implementation: There are several implementations 
of DDS specification, with its pros and cons. ROS2 has a mechanism to easily change the DDS 
implementation to whatever best suits the project. 

QoS fine-tuning: This point is related to the previous one because the number of 
communication parameters that can be manipulated and how depends on the chosen DDS 
implementation. This fine-tuning will allow us to prioritise some message types over others, 
define the message type's reliability, and define message loss policies, for example. 

With these characteristics, we can have enough control of the communications to ensure the 
desired behaviour of the real-time simulation. 

4.4. DFKI: Expectations and Requirements 

We aim to provide the attention data for drivers through data sharing. The main objective will 
be to use this data to predict the areas of interest from the driver that other modules can use. 

Online Streaming: We will share this attention/gaze data online through the simulator with 
ROS Topics or other suitable alternatives 

Offline Sharing: We will provide an attention dataset containing the driving simulation data 
and the drive gaze positions. This data can be used to train and benchmark future prediction 
models. The data will be preprocessed and anonymized as per required standards. 

Data Acquisition: The data will be collected from participants with a driver’s licence. The data 
will consist of driver attention in the driving simulator as they drive through various scenarios 
(such as turning left on a busy intersection, managing driving with pedestrians, and others). 
This data is then processed and provided as the dataset mentioned above.  
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Data Format: The dataset that will be shared will consist of simulation data in CARLA recorder 
format, images, and gaze data in text format, along with other relevant variables. 

Data Privacy: Sensitive data, such as eye images, will not be saved; instead, they will be 
processed to calculate eye gaze and deleted once the dataset is published. Participant data 
will be anonymized, and no individual driver information will be shared. DFKI will keep the 
mapping from anonymized to accurate data to handle any deletion requests from 
participants. 

4.5. AIT: Expectations and Requirements 

Once the typology of driver reaction patterns has been completed following analysis of the 
large survey results in T1.2, AIT can share the driver characterization data. This data is provided 
as input to all five of the DBM modules. Access to the raw data can be provided upon request. 
AIT will receive this data from the subcontracted survey provider, which acts in compliance 
with GDPR and will anonymize the data. AIT does not require any data from other partners. 

Data acquisition: The survey provider will recruit 3,600 respondents via their panel of pre-
screened and willing participants (i.e., a pool of diverse individuals who have agreed to 
participate in online surveys and market research studies). Their target audience consists of 
individuals from Austria, Germany, Spain, Portugal, and France with valid driving licences and 
who frequently drive their vehicles. They have already secured consent from these 
participants for involvement in multiple relevant studies. 

Data format: The survey provider will send AIT the raw survey response data in a CSV file. AIT 
will then process and analyse the data, which will be elaborated on qualitatively and 
quantitatively in D1.2 Population Stratification according to driving styles. 

Data privacy: AIT will not receive personally identifiable information via the survey. The survey 
will include questions regarding age, gender, education, and income. However, the survey 
provider will anonymize respondents’ IP addresses before sending the raw data to AIT so that 
no individuals can be identified. 

4.6. EUR: Expectations and Requirements 

The data shared by EUR will be raw in a CSV format. The data will come from an aggregator 
that compiles all data from the connected fleet. 

Data volume: Around 80000 connected vehicles raise data on every trip. 

Data privacy: Data type, measurement frequency, and holding period are subject to GDPR. 
As such, data is not precise enough to model the driver’s real-time behaviour, but it can give 
a global view of many user’s trips. 

 

  



 

 

D2.2 Data Format and Common Acquisition Principles 

24 

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. 

24 

4.7. Ownership and Access Rights 

After outlining the dynamic management of data-sharing in BERTHA, we need to ensure that 
the roles and responsibilities are well-coordinated and supported by a clear framework for 
data management. The specific details regarding these responsibilities will be developed and 
refined as the project progresses, ensuring that each partner’s role is clearly defined and 
aligned with the overall objectives of BERTHA. 

Data ownership will also be clearly defined as the project advances, with shared ownership 
agreements to be considered. This approach ensures that all partners clearly understand their 
rights and obligations concerning the data, fostering a collaborative environment while 
protecting the interests of all stakeholders involved. 

Nevertheless, fundamental principles that should guide data-sharing agreements in 
BERTHA's DBM development among partners, according to [18], include: 

● Transparency: All data-sharing activities are transparent to all partners involved. This 
includes documenting what data is being shared, how it is used, and by whom. 

● Collaboration and Communication: Foster a collaborative environment with open 
communication channels among partners to promptly address any issues related to 
data sharing and solve technical challenges in developing the DBM. 

● Reproducibility: We ensure that shared data is high quality and sufficiently detailed to 
allow for the reproducibility of research results. For more information, refer to Section 
3. 

● Standardisation: Use standardised data formats and protocols to facilitate seamless 
partner integration and interoperability. For more information, refer to Section 4. 

● Controlled Access and Security: Data-sharing agreements must regulate and 
monitor access to sensitive data, ensuring only authorised individuals have access. This 
includes implementing security measures, validating permissions through a secure 
token-based system, and maintaining detailed access records. For data shared via the 
HUB, access will be restricted to authorised users, with permissions validated securely. 
Detailed information can be found in deliverable D3.1. 

4.8. Integration with the HUB 

BERTHA’s HUB platform is envisioned as essential in facilitating module’s communication  
and synchronisation needs within BERTHA. 

The HUB platform will be a comprehensive, community cloud-ready, or local-execution 
solution designed to facilitate the collaborative use, evaluation, and sharing of road user data 
and models. This prototype will integrate various elements, such as pedestrian models, 
Advanced Driver Assistance Systems (ADAS) modules, and scene and scenario parameters for 
automated scenario generation. 

The HUB aims to develop a decentralised, cloud-scalable prototype that supports 
collaborative workflows for analysing models such as pedestrians and drivers. In this 
environment, user access control is a cornerstone of information security, monitoring and 
regulating access to resources based on strict policies and roles. 
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Current discussions regarding the HUB repository ensure that data is stored locally within 
each partner's system, adhering to GDPR requirements by only necessitating the user's name 
and email. For more information, check [14]. User access control is essential, involving robust 
policies to protect data against unauthorised access, granting access based on predefined 
rules and roles, and securing the HUB's capabilities. 

This integration is aligned with our partners' feedback, highlighting the importance of 
relating scenario-based data collection as in WP1. For more information about the HUB, 
please refer to D3.1. 
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5. FILE FORMATS FOR DATA PROCESSING 

5.1. Common File Formats 

Data transfer and storage should be done using standard, open formats that can be accessed 
and processed efficiently on as many platforms as possible. Formats that are specific to certain 
software or platforms are discouraged, e.g., Microsoft's "excel" [19], Matlab's "mat" [20], 
Python's "pickle" [21], or R's "RData" files [22]. 

Depending on the purposes of the datasets, it may be convenient to store them as text or 
binary files: 

● Text files are suitable for “human-readable” data, which, in addition to automated 
parsing, are meant to be inspected and managed manually by researchers. This 
includes data tables in CSV  format [23] or structured documents in JSON [24] or XML 
files [25]. This is only recommended for relatively small data sets, with at maximum a 
few hundred lines. 

● Binary files are suitable for larger data sets for more efficient storage and access to the 
contents. Binary data takes less space, is faster to transfer and read, and numeric data 
may not need to be parsed to be processed by computer programs. 

Below are recommendations for representing data types, along with the most suitable 
formats for both types of files. 

5.1.1. Formats for data types 

In the case of text files, it is important to ensure a common representation of data types to 
avoid ambiguity or errors in their interpretation. In this regard, the following conventions are 
recommended: 

● Encode all text as UTF-8 [26]. 
● Use periods as decimal separators, and do not use any separator for digit grouping 

(E.g., 1000.5 for one thousand and a half, not 1000,5, nor 1,000.5, 1 000.5, 1_000.5, 
etc.) 

● Format text strings as in the JSON specification [24]: wrapped with double straight 
quotation marks (Unicode character U+0022), and using escape sequences to 
represent some symbols: \" for the quotation mark character (U+0022), \\ for the 
reverse slash (U+005C), etc. 

● Use the ISO 8601 format [27] “YYYY-MM-DD” for dates, and “YYY-MM-
DDTHH:mm:ss.SSSZ” for times; e.g. 2024-06-21T12:00:00.500Z for twelve o’clock plus 
half a second on the 21st of June of 2024, in UTC. 

● Use the ISO 6709 format [28] “±DD.DDDD±DDD.DDDD/” for geographic location 
coordinates (latitude and longitude in degrees); e.g. +48.8577+002.295/ for the 
location of the Eiffel Tower in Paris (48.8577º latitude, 2.295º longitude). Altitude may 
optionally be added using the notation 
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“±DD.DDDD±DDD.DDDD±AAA.AAACSRWGS_84/” (according to WGS_84 geodetic 
system [29]),  e.g., +48.8577+002.295+40CSRWGS_84/ for the ground level of the Eiffel 
Tower, at 40 m of altitude. 

Binary data formats usually include metadata that informs of the specific type of 
representations used to encode numbers, strings, and other data so they can be interpreted 
unambiguously. Nevertheless, using consistent type representations in all datasets is 
recommended, so the previous indications regarding text-encoded data should also apply. In 
addition, the following recommendations should be followed: 

● Dates and times should be encoded as Unix time (non-leap seconds elapsed since the 
“Unix epoch”, i.e. 00:00:00 UTC on 1 January 1970). 

● Numeric decimal data in binary format and operations made with them should follow 
the IEEE-754 standard [30] for floating point arithmetic. 

5.1.2. File Formats 

The recommended file formats depend on whether the data to be processed or stored is a 
single instance of tabular data (time series or a table of data) or has a more complex structure 
(e.g., data objects nested into each other or hierarchically structured, with or without 
metadata). 

For tabular data, the recommended file formats are: 

● CSV files [23] for text tables, using comma characters (U+002C) to separate columns, 
and no character between commas (empty cells) for missing data. 

● Either Apache’s Parquet [31] or Arrow formats [32] for binary-encoded tables. Both are 
open formats that allow efficient compression. Parquet is optimised for storage, with 
usually the smallest file sizes, whereas Arrow is optimised for fast data access and 
memory-mapped processing. Arrow has interprocess communication (IPC) 
mechanisms for data streams in addition to disk files, so it is suitable for working with 
real-time data. Arrow’s IPC file format is also called “Feather V2”[33], as it has been 
designed for compatibility with the first version of the Feather format, a simplified 
container for disk files of Arrow data. 

More complex structured data can be adequately represented in text files with XML [24] or 
JSON [25] structures. Both are well-supported and suitable for the majority of data processing 
tools, although one may be more adequate than the other depending on their purpose. It is 
better to use XML for security- and reliability-critical applications since it allows validation and 
data integrity checks against predefined schemas, and it supports namespaces and more 
features. On the other hand, JSON is more lightweight and faster to process, with a concise 
syntax compatible with Javascript code and Python dictionaries, among others. Any JSON 
structure can be transformed into XML, but the opposite is false. 

For binary data files, one of the most widely used formats is HDF5 [34], which was published 
in 1998 as a self-describing specification for large and heterogeneous complex data to store 
multidimensional objects together with attributes and metadata. The hierarchical structure 
of the HDF5 format is illustrated in Figure 4. However, HDF5 needs to be optimised for data-
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intensive, heavy-processing applications since it has poor memory management and does 
not support threaded or parallel processing [35]. 

 

 

Figure 4. Hierarchical structure of the HDF5 format. 

For efficient handling of serialised data, binary formats based on the JSON structure are 
recommended: 

● BSON [36], especially in conjunction with MongoDB databases, for which it was initially 
designed, and for support of some specific data types [37] such as timestamps, regular 
expressions, and javascript code, among others. 

● MessagePack [38], especially for network communication, has better compatibility 
with the strict JSON specification and smaller file sizes. 

5.2. Module-specific Data Formats: Recommended File Formats for 
Development 

5.2.1. Overview of Model Parametrization Methodology 

Model parametrization refers to the process of determining the values of parameters within 
a mathematical or computational model [39]. In the context of BERTHA's DBM, model 
parametrization involves setting parameters and weights within the model architecture. With 
this, we ensure that the model learns effectively from training data and generalises well to 
unseen examples. 

These parameters are categorised into the metadata metrics selected during D2.1 [9], which 
relate to the human driver, the environment, specific use cases, and dynamic information, as 
shown in Figure 2. These parameters were carefully selected during D2.1 to capture the 
necessary details for accurate model development. Also, as part of the data acquisition 
methodology, partners involved in simulation could share the definitions of scenario runners 
in CARLA, allowing different partners to reuse them as needed. 
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As mentioned in D1.1 and D2.1 [11, 9], the criteria for selecting these parameters are based on 
their relevance to the model's accuracy and effectiveness. Parameters reflect the diverse 
conditions and scenarios the driver model will encounter, ensuring comprehensive coverage 
of all relevant factors. These parameters also condition the training of the models, influencing 
their ability to learn and generalise effectively across various situations.  

Finally, we also mention that model validation evaluates the accuracy and reliability of a 
model by comparing its predictions with experimental or real-world data [39]. For BERTHA's 
project, model validation involves assessing the performance of the driver model on unseen 
data, ensuring its reliability, and preventing overfitting. This will be further developed in future 
deliverables. 

5.2.2. BERTHA’s Modules Data Formats 

The following Table 3 outlines the minimum data formats for the metrics required in each 
module of BERTHA. These formats have been established to ensure consistency and accuracy 
in data processing, model parametrization, and validation. It is important to note that these 
data formats represent the initial standards and are subject to change. Updates and revisions 
will be incorporated in future methodology versions, specifically in deliverables D2.3 and D2.4. 

 

Table 3. This table outlines the minimum data formats for metrics across different modules in BERTHA. 

MODULE DYNAMIC DATA FORMATS 
Perception Gaze orientation (CSV); Carla Recordings (Carla Format); Driver ego-

camera (MP4); Simulator Images (JPG). 

Risk Awareness & 
Decision-Making 

Emergency brake (CSV), “Go” versus “No Go” decisions (according to the 
gaps considered in the different use cases & scenarios), state of vehicle 
pedals and steering wheel angle to manage interaction with the 
obstacle (CSV), state of the horn, indicators and vehicle lights (CSV), Time 
to Collision to assess the level of risk (CSV). 

Affective GSR; HRV; AUs-Action Units. All in CSV for small data samples and 
Parquet for larger ones. 
Composite data sets for experiments in JSON, with pointers (links) to 
files containing the CSV/Parquet data. 

Motor Brake pedal pressure; Accelerator pedal pressure); Steering wheel 
position; Steering wheel angle; Headlights;  All in CSV for small data 
samples and Parquet for larger ones. 
Composite data sets for experiments in JSON, with pointers (links) to 
files containing the CSV/Parquet data. 

 

These formats have been chosen to provide a structured and efficient approach to handling 
each module's various data types (meta, dynamic, and static). As the project progresses, 
feedback and additional requirements from partners will be incorporated to refine and 
enhance these formats in subsequent updates. 
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5.3. Data Labelling and Tagging Practices for Standard Scenarios 

Before labelling and tagging, we have agreed to define the metadata structure as in D2.1 [9]. 
In summary: 

I. Human Driver Information: 
A. Identity: 

1. UUID (Unique User Identifier): A unique string that identifies each driver 
involved in the experiment. 

a) Description: The unique identifier for the driver. 
b) Value Type: String. 
c) Unit: N/A 

B. Condition: Details regarding the driver’s condition are recorded here, though 
specifics are yet to be defined. 

 
II. Environment: 

A. Reference: Links to the detailed implementation of static data definitions used 
during the experiment. 

III. Use case: 
A. Reference UC: References the specific use case implemented during the 
experiment. 
B. Use Case Parameters: This details the specific parameters associated with the 
Reference UC. Each parameter is crucial for defining the experiment's scope and 
expected outcomes. 

After the metadata is set up, partners will collect data and tag it according to an agreed 
schema. Each data record will be tagged with relevant metadata by their team, ensuring 
consistency and ease of use. 

5.3.1. Tags and Labels 

● Human Driver Information: 
○ Identity: `UUID` (Unique User Identifier); `Description`; `DriverCondition`. 

This structure is exemplified in Figure 5, which shows an example of Human Driver 
Information metadata tags in YAML format. 

 
Figure 5. Example of Human Driver Information metadata tags in yaml. 

● Environment: 
○ SpatialReferential: `Location`; `Orientation`; `Velocity`. 
○ TimeReferential: `Timestamp`; `TimeOfDay`. 
○ UUID object position for signalisation: `SignalUUID`; `Position`. 
○ Geometry: `LaneWidth`; `LaneNumber`. 
○ Driver Demographics: `Age`; `Gender`. 
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● UseCase: 
○ UseCaseID. 
○ Description. 

 
● Use Case Parameters: 

○ `TimeToCollision`. 
○ Other dynamical parameters TBD. 

5.3.2. Other Tags and Labels 

● Vehicle Information: 
○ vehicle_id: Unique identifier for the vehicle. 
○ speed: Speed of the vehicle. 
○ steering_angle: Steering angle (in degrees). 
○ location_coordinates: GPS coordinates or position in the simulation. 

 
● Sensor Information: 

○ sensor_id: Unique identifier for the sensor. 
○ sensor_type: Type of sensor (e.g., camera, LiDAR). 
○ sensor_data_format: Format of the sensor data (e.g., RGB image, point cloud). 
○ sensor_frequency: rate at which the sensor captures data, typically measured 

in Hertz (Hz).  
○ sensor_resolution: level of detail that the sensor can capture, typically 

described in terms of camera pixels or point density for LiDAR. 
 

● Event Information: 
○ event_id: Unique identifier for the event. 
○ event_type: Type of event (e.g., pedestrian crossing). 
○ event_time: Timestamp of the event. 
○ event_description: Description of the event. 

 
Vehicles, sensors, events, and drivers are indicated after all possible tags and labels relevant 
to the scenarios. 

Although this system will be evolving in the following deliverables, it is essential that partners 
periodically review and validate this tag system to ensure they accurately represent the data 
and maintain consistency during BERTHA. Partners that do simulation must share the 
labelling and tagging schema with other partners to ensure standardised data collection and 
tagging across the project and be open to addressing any issues or discrepancies in the 
labelling process. 
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6. CONCLUSIONS 

This document presents a thorough methodology for data acquisition, format 
standardisation, and data sharing within BERTHA, with a special focus on the partners who 
will perform the simulations of the modules to generate the data necessary for training the 
DBM, addressing the diverse expectations of it. 

Section 3 defines vital SOPs for ensuring non-interference with driver performance, adequate 
sampling rates, detailed capture of vehicle dynamics, and precise data synchronisation. These 
SOPs guide future project protocols and promote reproducibility across different project 
modules, as indicated in Table 1. Preliminary sensor selections are discussed, setting a 
foundation for sampling and quality measures. Additionally, we establish connections with 
other WP within BERTHA’s project, focusing on data collection strategies, parametrization, 
and data types (as shown in Figures 3 and 4). 

Section 4 addresses the partner’s requirements and expectations for data sharing, 
underscoring the principles of Open Science. We outline the responsibilities of each partner, 
emphasising the need for a well-coordinated and transparent data management framework. 
This ensures that each partner’s contributions are aligned with the overall objectives of 
BERTHA, fostering collaboration, reproducibility, and standardisation. 

Section 5 specifies the minimum data formats required for metrics across different modules 
in Table 3, and appropriate labelling for standard scenarios. These formats and labels are 
essential for ensuring consistency and reliability in the simulations conducted by the partners 
to create the DBM. 

This document establishes a comprehensive framework for data acquisition, format 
standardisation, and sharing, ensuring partners can collaborate effectively and achieve the 
project’s scientific objectives. By implementing standardised processes and clear data-
sharing agreements, we aim to maintain data integrity and quality, supporting the project’s 
success and contribution to Open Science. 

Furthermore, this document serves as an input for the T2.5 of VED on creating the Data 
Storage and Exchange solution, establishing an essential link with other WP, such as WP5, to 
ensure compatibility of information to be shared and compared. This will be developed in 
more detail in subsequent deliverables D2.3 and D2.4. Additionally, it creates synergies with 
WP3 and the HUB by aligning data collection and sharing strategies. 
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