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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 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) 
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12.1 F. INICIATIVAS ESPANA I MAS D MAS I SLU (FI_ES) Affiliated entity Spain 

13 SMART EYE AB (SEYE) Beneficiary Sweden 
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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 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 R — Document, report 

Deliverable nº 1.4 

Deliverable title Identification of the vehicle parameters concerning the driver 
modelling approach. 

Lead beneficiary 8 FUNDACION CIDAUT (CIDAUT) 

Work package and 
task 

WP1 - T1.4 

Document version 01 

Contractual delivery 
date 

M12 

Actual delivery date 27/01/2025 (M15) 

Dissemination Level Public 

Purpose This deliverable will focus on key modelling factors such as speed, 
distance to the preceding vehicle, and reaction time across various 
driving conditions.  
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Document’s abstract 

This deliverable reports the tasks achieved at task 1.4 of BERTHA project, which aims at 
characterizing and defining the outputs of the model and its composing modules, in relation 
to the vehicle response considering the drivers’ perception and reaction, longitudinal speed, 
and acceleration/deceleration, lateral speed, start-up delay, braking distance to stop and 
other parameter related to driving conditions. As far as the model’s output acts directly on the 
vehicle, and the vehicle factors also affect the driver behaviour, the aim of this task is to 
establish the relationship between the model’s output and the vehicle factors, to be able to 
understand its influence on the driver behaviour in future tasks of the project. To reach this 
objective, the vehicle parameters that have a greater influence on the driver modelling 
approached have been determined and considered.  

To complete this study, various methods were evaluated to enhance the realism of occupant 
perceptions during vehicle manoeuvres across different scenarios. While CARLA is the main 
framework for vehicle simulation, its physical modelling shows significant limitations, 
considering that this software is not a specific vehicle dynamic simulation program. Similarly, 
tools like MATLAB and Simulink offer a greater flexibility but are complex to implement, and 
lack real time parameters interaction. Therefore, the most suitable solution identified is the 
use of Look-up tables, which combines the high accuracy of CarSim (a specific software for 
vehicle dynamics) with the flexibility of virtual environments like Carla. This approach ensures 
instantaneous data exchange, providing a more realistic assessment of occupant comfort and 
environmental perception, effectively linking dynamic variables to their impact on occupants. 

Additionally, this deliverable will focuses on key modelling factors such as speed, distance to 
the preceding vehicle, and reaction time across various driving conditions. Special attention 
will be given to ensuring safety during lane changes in automated driving scenarios. 
Additionally, critical indicators will be identified and calibrated to prevent collisions at 
signalized intersections, ensuring acceleration and deceleration can be managed as safely 
and smoothly as a human driver. The primary goal is to assess whether safe lane changes and 
collision can be achieved with no risk. 

 

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 15/12/2024 Initial Draft César Maestro (CIDAUT) 

V.0.2 09/01/2025 Internal Revision Javier Romo (CIDAUT) 

V.1.0 23/01/2025 External Revision Juanma Belda (IBV) 
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Terminology and acronyms 

TERM/ACRONYM EXPLANATION 

CAV Connected Autonomous Vehicles 

CCAM Connected, Cooperative and Automated Mobility 

CINEA Climate, Infrastructure and Environment Executive Agency 

DBM Driver Behavioural Model 

EC European Commission 

HAV Human Autonomous Vehicle 

FOT       Field Operational Test 

GNSS Global Navigation Satellite System 

CAN-BUS  Controller Area Network Bus 

ADAS Driver assistance systems 

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 

The aim of this document is the definition and characterization of some of the most influential 
parameters that relate the vehicle’s response to driver input in the form of manoeuvres, 
considering the perception and reaction they provoke. This section of the work focuses on the 
characterization and definition of model outputs and its component modules in relation to 
vehicle response in terms of driver perception and reaction. Some parameters such as 
longitudinal speed, longitudinal and lateral acceleration/deceleration, lateral speed, start-up 
time, braking distance, etc, have been analysed. The model outputs directly influence the 
vehicle’s behaviour, which will affect the perception of the driver and occupants. The work 
that has been developed during the task is summarize in the following points 

1.1. Main Purpose 

The task focuses on the characterization and definition of the outputs of the model and its 
different modules, in relation to how the vehicle responds to the driver’s perception and 
reaction. 

This work will focus on modelling factors such as distance to the preceding vehicle, speed and 
reaction time in some driving conditions. Special attention will be given to ensure lane 
changes in automated driving scenarios in a safe way. Besides, critical indicators will be 
identified and calibrated to prevent collisions at signalized intersections, making sure 
acceleration and deceleration can be managed as a human driver. The main purpose is to 
assess whether safe lane changes and no collision can be achieved. 

1.2. Specific Task 

This task will focus on identifying and adjusting the relevant vehicle parameters for the driver 
modelling approach. The goal is to ensure that the model represents the interaction between 
the driver and the vehicle in various driving situations. 

The section aims to understand how the vehicle responds to the driver’s actions (perception 
and reaction), considering factors such as speed, acceleration, braking. It also emphasizes that 
the model should reflect the relationship between driver behaviour and vehicle response to 
make safe and realistic driving behaviour. 

In order to ensure safety and efficiency manoeuvres in automated driving, it is crucial to 
consider several critical factors that affect the vehicle's behaviour in different driving 
conditions. These factors include speed, distance from the preceding vehicle, and reaction 
time, which have been studied in detail in Task 1.2 (T1.2). 

These factors not only determine the vehicle's ability to respond to unforeseen situations but 
also influence the comfort and safety of the occupants. By analysing different driving 
scenarios, the five use cases defined in T1.1 have been considered, allowing for a 
comprehensive evaluation of potential traffic situations. 

The objective can be divided in three key aspects of automated driving: 
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 Safety during lane changes. Lane changes are one of the most critical moments in 
automated driving, as they require precise synchronization between vehicle speed, 
distance to other vehicles, and reaction time. In order to make this manoeuvre safely, 
it is important to involve anticipating potential collisions and properly managing 
accelerations and decelerations. 

 Collision preventing protocol is essential for the success of any automated driving 
system. This requires the ability to detect potential obstacles or vehicles on the road in 
early stages, as well as implementing effective braking and evasive strategies, 
especially in complex conditions such as signalized intersections or heavy traffic 
situations. 

 Safe and smooth acceleration adjustments is a crucial aspect of maintaining 
occupant comfort. The system must be able to make gradual and controlled 
transitions, avoiding sudden changes that could affect vehicle stability or passenger 
experience. 

The three tools shown in the next paragraph represent different methods for simulating and 
studying vehicle behaviour, each with its own strengths in addressing the particularities of 
lane changes, collision prevention, and safe acceleration adjustments. 

1. CARLA software provides a realistic platform for testing and implementing vehicle 
dynamics. By simulating different road and traffic conditions, it helps assess how well 
the system can handle collision prevention and lane change safety. The platform allows 
researchers to study how various parameters, such as speed and distance to other 
vehicles, affect the vehicle's response and how these parameters can be adjusted 
dynamically [1]. 

2. The Co-simulation using MATLAB and Simulink offers a more detailed, model based 
approach to studying vehicle dynamics and driver interactions [2]. This aligns with the 
need to simulate and adjust vehicle behaviours in real time during critical manoeuvres 
like lane changes or braking. 

3. Look-up tables provide a quick and efficient way to reference vehicle parameters and 
behaviours under different conditions. They can be used to store pre-calculated 
dynamic responses (such a accelerations) under various driving conditions, enabling 
quick decisions during driving scenarios base on the information in them [3]. 

In summary, this approach helps to develop an automated driving system that is not only 
efficient and reactive but also prioritizes the safety of the occupants and other road users. 
Integrating speed, distance, and reaction time into the driving models, it is possible to achieve 
a smoother, safer, and more reliable automated driving experience across a wide range of 
traffic conditions and road scenarios.  
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2. METHODS 

2.1. Introduction 

In relation to the aforementioned considerations, identifying and adjusting the relevant 
vehicle parameters for the driver modelling approach are presented. Three different tools or 
combination of tools, some of them dedicated software other developed in house have been 
analysed. These tools can be considered as potential solutions and include the following 
description:  

1. Implementation of vehicle dynamics in the CARLA environment: CARLA, an open-
source simulator for autonomous driving research, provides a realistic platform to 
implement and test vehicle dynamics in diverse driving scenarios.   

2. Co-simulation environment using MATLAB Simulink: A simulation framework that 
integrates mathematical models and control algorithms to study and predict vehicle 
dynamics and driver interactions.   

3. Look-up tables: Predefined datasets that allow quick reference and retrieval of vehicle 
parameters and behaviours under various conditions.   

By evaluating these environments, the goal is to identify the most suitable approach for 
addressing the outlined challenges and ensuring optimal performance in vehicle dynamics 
and driver behaviour modelling. 

2.2. CARLA model 

While CARLA is an excellent tool for simulating autonomous driving scenarios and 
environmental interactions, it is not optimized for detailed vehicle dynamics and occupant 
sensation modelling. For a more accurate and realistic study of vehicle behaviour regarding 
to occupant comfort, specialized software like CarSim or MATLAB/Simulink could be an 
option. These tools offer much more detailed models of vehicle dynamics, including complex 
suspension models, tire interactions, and the ability to simulate and analyse occupant 
sensations with greater accuracy. 
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Figure 1. Dynamics parameters in Carla model 

In the following paragraphs there are several reasons why CARLA software may not be the 
best option for vehicle dynamics applications and the study of occupant sensations during 
various manoeuvres, particularly when considering the limitations of its vehicle dynamics 
modelling and the need for more advanced simulations. 

CARLA’s vehicle dynamics model is relatively simplified, mainly incorporating basic 
parameters such as chassis and wheel masses, inertial moments, suspension stiffness and 
damping, braking capability, and aerodynamic coefficients (Figure 1).  These parameters while 
useful for a general simulation, are insufficient for modelling the full complexity of vehicle 
dynamics required to accurately simulate occupant sensations (e.g., accelerations and forces 
felt by the occupants during acceleration, braking, or cornering). 

While CARLA provides a great visual and sensor-based simulation of the environment, there 
is a lack of detailed dynamic behaviour feedback required for simulating how the vehicle’s 
dynamics affect the occupants' perception such as forces and accelerations. This lack of 
accuracy in the dynamic model makes it difficult to study occupant comfort and sensations 
directly in CARLA. 

Suspension characteristics are crucial in determining how a vehicle responds to manoeuvres, 
affecting the comfort and perception of the occupants. In CARLA, the suspension model is 
relatively basic, and it doesn’t offer the level of detail needed to simulate the complex 
interactions between the road surface, vehicle dynamics, and occupant comfort during more 
advanced manoeuvres. Advanced modelling of suspension behaviour (including multi-body 
dynamics, tire-road interaction, etc.) is essential to accurately predict how the vehicle behaves 
and how the occupants will perceive these environments. 

In order to improve the perceptions of the occupants during specific manoeuvres, more 
complex simulation tools are required to study dynamics, comfort, and perceptual feedback. 
Although this dedicated software is going to be treated in future points, CarSim, has been 
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designed for vehicle dynamics simulation, provides the necessary fidelity to model detailed 
aspects such as tire behaviour, steering response, suspension movements and chassis 
flexibility among others [4].   

Additionally, other less specific tools such as MATLAB/Simulink offers flexibility for creating 
custom models that simulate the interaction between the vehicle and the occupant’s 
experience, which is essential for studying how dynamic manoeuvres affect comfort, safety, 
and perception [5]. 

To sum up, CARLA does not provide sufficient accuracy to simulate how occupants respond 
to forces (such as acceleration forces, lateral forces, pitching or rolling motions) in the same 
way that tools like CarSim or MATLAB/Simulink can do it by using control system models. 

2.3. MATLAB – Simulink 

Despite the fact that MATLAB and Simulink (Figure 2) are a good choice for resolving the 
vehicular dynamics in very complex events, after a detailed study and analysis, our conclusion 
is that the co-simulation between MATLAB and Simulink may not be the most suitable option 
for applications involving vehicle dynamics and occupant sensations during any manoeuvres. 
The main disadvantage appears when considering the need for real-time interaction with 
environments like CARLA. 

 

Figure 2. MATLAB-Simulink algorithm 

 

One of the main limitations of co-simulation between MATLAB and Simulink is the slower 
data exchange rate with real time simulation environments like CARLA. Vehicle dynamics and 
occupant sensations require instantaneous feedback to accurately replicate real world 
scenarios. However, the delay in variable exchange can affect the accuracy of the simulation. 
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On the other hand, co-simulation between MATLAB and Simulink is computationally 
intensive, particularly when simulating complex vehicle dynamics. This high computational 
load can reduce the system's ability to interact with external environments like CARLA at the 
required frequency, leading to delays that compromise the fidelity and realism of the 
simulation. 

Other solutions, such as look-up tables derived from detailed simulations in CarSim or other 
specialized vehicle dynamics tools, can offer real time performance with reduced 
computational overhead.   

These solutions provide a faster and more stable interaction with environments like CARLA, 
ensuring that vehicle dynamics and occupant sensations are accurately represented without 
the latency issues inherent in MATLAB-Simulink co-simulation. 

2.4. Look-up tables 

CarSim and CARLA are two simulation platforms that can complement each other in 
analysing and improving occupants’ perception during different manoeuvres in standard 
driving. CarSim focuses on accurate vehicle dynamics simulation, while CARLA is an advanced 
platform for autonomous driving environment simulation and vehicle interaction with its 
surroundings. Integrating both tools can provide a comprehensive view that covers both the 
physical aspects of vehicle behaviour and the environment in which it moves. This point is 
essential for improving the occupants' experience and perception. 

The main limitation of the co-simulation between CarSim and CARLA is the inability to provide 
a real time response from CarSim and implement it in CARLA instantly and continuously. 

Based on this limitation, it has been decided that developing look-up tables is the fastest, 
safest, and most accurate solution for operation in this type of situations. These look-up tables 
will be analytically derived from the results of various simulations carried out in CarSim. 

The look-up tables defined in this section, Figure 3, will serve as a link between the simulation 
results obtained in CarSim and their subsequent implementation in real world simulation 
environments in CARLA. These look-up tables provide real time parameter estimation for use 
in real world simulators while taking advantage of CarSim as a reference tool for vehicle 
dynamics to ensure accuracy and reliability. 

The following sections will provide a brief explanation of the different stages and parameters 
to be defined in a CarSim simulation. These virtual simulations will focus on studying key 
manoeuvres such as acceleration and deceleration in longitudinal and lateral scenarios, 
response time to specific events, braking distance. 



 

 

D1.4. Identification of the vehicle parameters considering the driver modelling approach 

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 

 

Figure 3. Schematic Diagram of the Relationship Between Inputs and Outputs Within the 
Look-Up Table 

2.4.1. Precise Vehicle Dynamics Modelling (CarSim) 

As it was mentioned before, CarSim is an advanced vehicle dynamics simulation tool that 
allows the analysis of automotive behaviour under various conditions. It is widely used in the 
automotive industry and research due to its ability to simulate complex driving scenarios and 
evaluate how a vehicle responds under different conditions. CarSim can address several issues 
related to vehicle development and optimization, and here are some key examples of its 
applications. 

 Vehicle stability and control 
 Suspension design and validation 
 Braking and brake dynamics 
 Turning dynamics and yaw control simulation 
 Simulation in variable environmental conditions 
 Fuel consumption and emissions optimization 
 Development and validation of driver assistance systems (ADAS) 
 Transmission and engine configuration evaluation 

CarSim is a comprehensive tool for vehicle dynamics simulation, allowing for the optimization 
of vehicle performance through detailed and realistic virtual simulations. This software helps 
engineers reduce development time and costs by minimizing the need for physical 
prototypes and road tests. 

Besides, it offers detailed simulations of vehicle dynamics, providing accurate data on 
acceleration, deceleration, turns and weight transfers during manoeuvres. This type of 
information is essential for understanding the forces experienced by occupants. 
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2.4.2. Validation of Sensations and Perceptions During Manoeuvres. 

In this case CarSim allows testing how occupants feel under specific conditions, such as 
sudden braking or sharp turns, and how factors like suspension or weight distribution affect 
the perception of stability. Taking account these data CARLA or other environment simulator 
(Figure 4) could incorporate these perception effects to simulate more realistically how these 
manoeuvres impact in terms of safety and comfort in the users. This is useful for evaluating 
systems that warn or assist the driver in situations that may be uncomfortable or unexpected 
for the occupants. 

 

 

Figure 4. How does the “look-up table” methodology work 

2.4.3. Occupant Comfort and Safety Testing 

In a similar way, it can be possible to evaluate how different configurations of any subsystems 
(suspension, braking, steering) affect occupant comfort during standard and critical 
manoeuvres. On a parallel way CARLA/other simulators can incorporate these configurations 
in traffic scenarios to simulate the occupant’s experience in dense traffic, open road, or a route 
with obstacles, testing the occupants' reaction to unexpected events (sudden braking, lane 
changes). This helps evaluate how to enhance the perception of safety in potentially 
uncomfortable situations. 

2.4.4. Vehicle architecture 

To conduct various dynamic simulations and assess the variations in vehicle behaviour in 
response to different manoeuvres, it is essential to select a vehicle that is sufficiently 
representative of the current automotive fleet and can be an example of a broad range of 
vehicles based on its characteristics. 

The Toyota Corolla is an ideal vehicle for automotive simulations due to several characteristics: 
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 Global popularity and recognition 
 Common design and structure 
 Versatility under different driving conditions 
 Advanced assistance systems and technology incorporated 
 Cost and accessibility 
 Available in CIDAUT facilities (for testing and validation) 

 

Figure 5. Toyota Corola in Carsim software environment 

 

Toyota Corolla is a standard and widely recognized vehicle with a solid performance. It is 
important to point out the ability to represent a wide variety of driving conditions and its 
availability in CIDAUT facilities for analysing and understanding vehicle dynamics and their 
impact on occupant safety and comfort.  

 

2.4.4.1. Mathematical models 

There are some features of CarSim mathematical models than can be mentioned, Figure 6, in 
order to understand how the values of Carsim simulation implies in the look-up table build. 
The definition of a vehicle at Carsim includes all the important parameters that condition the 
dynamic behaviour of the vehicle, mainly the sprung and unsprung mass, the location of the 
centre of gravity, the aerodynamic information, engine characteristics, suspension geometry 
and parameters, wheelbase, via, tire characteristics, steering system, gear box relationship, 
etc.   

  

Figure 6. Main CarSIm data set 
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2.4.4.2. Control Inputs 

The three main control inputs involve steering, braking, and speed. CarSim has options for 
open-loop and closed-loop inputs for steering, braking, throttle, and gear shifting. There are 
also options for building complex control sequences as a series of “events,” where a new 
control can be triggered by any output variable reaching a specified value. 

2.4.4.3. Environmental Inputs 

CarSim includes an advanced description of 3D road surfaces. You can quickly build roads 
with arbitrary horizontal, vertical, and cross-elevation geometry. Friction between the tire and 
the ground can be specified as well as includes aerodynamic effects and wind inputs. 

2.4.4.4. Events 

Complicated sequences of inputs can be specified as events. For example, accelerate until a 
speed is reached, then shift to neutral and coast down, then apply the brakes until a low speed 
is reached, then accelerate, etc. Conditions can also be in place for changing vehicle 
properties. For example, change the tire data for one wheel if the friction under that wheel 
drops below some limit  

2.4.4.5. Outputs 

You can view simulation results with a virtual camera (animation) and with plots of output 
variables with a single button click. The number and order of the output variables can be 
specified at run-time from a list of hundreds of available variables as it is shown in Figure 6  

 

  

Figure 7. Example of simulation results 

2.5. Impact of type of driver in specific manoeuvres 

The relationship between driver types such as cautious, alert, assertive, distracted and 
aggressive and parameters like, risk tolerance, interaction, attention, efficiency and self-
confidence have a significant impact on how lane changes, collision prevention, and 
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acceleration adjustments are handled. These relationships are essential for designing systems 
that can simulate many driving styles and form the base of an automated driving 
environment. In the Figure 8 it can be observed the influence of each parameter in the type 
of driver, the information contained in this figure comes from the results of task 1.2 of BERTHA 
project, where the characterization of the spectrum of drivers has been tackled. 

 

Figure 8. Driver types and the relation to risk tolerance, attention, interaction, self-
confidence and efficiency  

Due to the importance of the relationship of the aforementioned parameters, some brief 
explanations are going to be given in order to clarify the significance taking account the type 
of driver and his implications.  

2.5.1. Cautious Drivers 

 Risk Tolerance: These drivers tend to have low risk tolerance, they take extra 
precautions, especially when performing lane changes. They might take longer to 
make decisions therefore they are less likely to cause accidents. 

 Attention: Their attention is heightened, as they are always watching for potential 
hazards. This is important in preventing collisions, as cautious drivers will localize 
dangers before they occur. 

 Interaction: They interact with their environment carefully and tend to maintain a safe 
distance, reducing the likelihood of unsafe acceleration adjustments. 

 Self-Confidence: Cautious drivers might have lower self-confidence in their ability to 
handle unexpected situations such a high speed manoeuvre. 

 Efficiency: While cautious drivers prioritize safety, their driving can sometimes be less 
efficient, especially in terms of acceleration and lane changes. 

2.5.2. Alert Drivers 

 Risk Tolerance: These drivers’ have a good balance between being aware of risks and 
making decisions in time. Their medium risk tolerance allows them to handle 
unexpected situations effectively. 

 Attention: Highly attentive, alert drivers can safely execute lane changes and adjust 
acceleration efficiently while being aware of other drivers' actions. 

 Interaction: They often adapt quickly to changes in their environment, making them 
capable of adjusting their driving style to prevent collisions. 
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 Self-Confidence: Alert drivers generally have higher self-confidence. 
 Efficiency: They tend to drive efficiently, adjusting their acceleration and speed 

appropriately without sacrificing safety. 

2.5.3. Assertive Drivers 

 Risk Tolerance: These drivers have a higher risk tolerance and are more likely to take 
risks while changing lanes or making adjustments to their acceleration. 

 Attention: Assertive drivers still pay attention but may focus on the end goal, potentially 
neglecting immediate hazards. 

 Interaction: Assertive drivers join in more active interactions with other vehicles and 
often use assertive manoeuvres to maintain their desired position on the road. 

 Self-Confidence: They tend to have high self-confidence, believing they can control the 
vehicle even in potentially risky situations. 

 Efficiency: Their driving style is often efficient, but it can sometimes result in unsafe 
lane changes or abrupt acceleration due to their eagerness. 

2.5.4. Distracted Drivers 

 Risk Tolerance: Distracted drivers have a high risk tolerance, often failing to assess the 
risks of lane changes or other manoeuvres properly. 

 Attention: Their attention is divided, and they may not notice important questions such 
a other vehicles' positions and velocities increasing the risk of collisions. 

 Interaction: Distracted drivers are less responsive to their surroundings, potentially 
failing to adjust acceleration or perform lane changes in a timely manner. 

 Self-Confidence: They might have overconfidence in their ability to drive, which can 
lead to poor decisions. 

 Efficiency: They may be less efficient in making adjustments, leading to abrupt lane 
changes or incorrect accelerations. 

2.5.5.  Aggressive Drivers: 

 Risk Tolerance: Aggressive drivers have high risk tolerance and are more likely to take 
risks. 

 Attention: Their attention may be focused on speed and overtaking rather than on 
safety. 

 Interaction: Aggressive drivers often engage in confrontational interactions with other 
vehicles, which can lead to unsafe conditions, especially in situations that require 
careful lane changes or deceleration. 

 Self-Confidence: They are typically overconfident in their driving abilities then this 
characteristic leads them to reckless manoeuvres. 

 Efficiency: While aggressive driving may seem efficient in terms of speed, it often 
sacrifices safety, especially when it comes to adjusting acceleration and making lane 
changes. 

2.5.6. Consequences in the Safe Driving Environment: 
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Taking into account the safety, drivers with lower risk tolerance (such as cautious and alert 
drivers) are likely to make safer lane changes by assessing the situation and executing the 
manoeuvre slowly. In contrast, aggressive drivers might make rapid lane changes without 
proper checks, leading to potential collisions. No collision is more effectively achieved by 
drivers who maintain a high level of attention and have appropriate risk tolerance. Distracted 
and aggressive drivers are more likely to overlook potential hazards, leading to unsafe 
interactions with other vehicles. Safe adjustment of acceleration is critical in both lane 
changes and collision avoidance. Cautious and alert drivers tend to make gradual 
adjustments to acceleration, while aggressive or distracted drivers may make sudden, unsafe 
adjustments, compromising their safety and that of others. 

 

2.6. Key Parameters to be Monitored 

In relation to the parameters outlined for the FOT (Field Operational Test) simulation and WP5 
tests, it is essential to emphasize their critical role in understanding and optimizing vehicle 
behaviour across various driving scenarios and use cases. These parameters, when analysed 
with the driver’s characteristics (cautious, alert, assertive, distracted, and aggressive) and their 
reaction times, provide valuable inputs about how different driver types perceive and respond 
to dynamic driving situations, particularly in manoeuvres such as lane changes, collision 
avoidance, and safe acceleration adjustments. 

1. Position of all vehicles, speed, and vehicle dynamics derived from position: The 
continuous tracking of vehicle positions and speeds enables the evaluation of how the 
ego-vehicle interacts with surrounding vehicles (both leading and trailing). This data is 
critical for calculating relative velocities and estimating collision times, directly 
impacting the driver's decision-making process for evasive manoeuvres or safe 
braking. 

2. Relative distance between vehicles. The distance between the ego-vehicle and nearby 
vehicles, both in front and behind, is a fundamental variable in determining the 
feasibility of overtaking manoeuvres or emergency braking. When combined with 
speed and reaction time data, it allows for the calculation of safe following distances 
and collision risk. 

3. Vehicle Control Parameters. 
a. Steering Wheel Position and Speed of Actuation: Indicates the driver’s intent to 

change lanes or avoid obstacles. 
b. Brake Pedal Pressure: Provides insight into the driver’s urgency in decelerating 

to avoid a collision. 
c. Accelerator Position: Reflects the driver's approach to maintaining or increasing 

speed during overtaking or merging manoeuvres. 
d. ABS Activation: Signals emergency braking scenarios, offering critical data for 

analysing how different driver types react under sudden braking conditions. 
e. Other devices activation, like horn or long light activation are also important to 

understanding drivers’ behaviour. 
4. Reaction Time: The reaction time is a crucial parameter, measured through the 

synchronization of all monitoring devices. This factor varies significantly depending on 
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the driver type and directly affects the outcome of various scenarios. For instance, a 
cautious driver may react slower but compensate with greater braking pressure, while 
an assertive driver may react quickly but require precise control of acceleration and 
steering. 

5. Additional Environmental Information: Environmental conditions such as road surface, 
weather, and traffic density are also monitored to understand their influence on vehicle 
dynamics and driver responses. These factors can significantly alter the perception of 
pitch, roll, and yaw, affecting how drivers experience accelerations and decelerations. 

By integrating these monitored parameters with the dynamic variables of vehicle behaviour 
and driver perception (as represented in the look-up tables), the system provides a 
comprehensive framework for evaluating and enhancing safety in real-time driving scenarios. 
This approach allows for making decision based on the driver's characteristics and 
environmental conditions, contributing to safer and more efficient driving experiences across 
all use cases. 

 

2.6.1. Measurement equipment 

To obtain the information necessary for monitoring the parameters mentioned earlier, such 
as vehicle position, surrounding environment, and vehicle control inputs, a variety of 
advanced devices are utilized. These devices provide accurate and real time data, which is 
crucial for evaluating vehicle behaviour and driver responses in different scenarios. The 
devices and their main functionalities are described below: 

2.6.1.1. GPS and GNSS: 

GPS and GNSS systems provide precise location data by communicating with a network of 
satellites. This data is used to determine the exact position, speed, and trajectory of the vehicle 
in real time. This information is essential for tracking the ego-vehicle and surrounding 
vehicles, calculating relative distances, and identifying lane positions and road boundaries. 

 

Figure 9. GPS/GNSS device 

2.6.1.2. Radar  

Radar systems emit radio waves that reflect off surrounding objects, such as vehicles, 
pedestrians, or obstacles, and measure the time it takes for the waves to return. Radars are 
used to detect and measure the relative distance, speed, and movement of nearby vehicles, 
which is crucial for collision avoidance systems and maintaining safe following distances. 



 

 

D1.4. Identification of the vehicle parameters considering the driver modelling approach 

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 

 

Figure 10. Radar device 

 

2.6.1.3. CAN-BUS reader (Controller Area Network Bus):  

The CAN-BUS reader accesses the vehicle’s internal network, allowing it to read data from 
various sensors and control units, such as steering angle, brake pressure, throttle position, and 
ABS activation. This device provides detailed information about the vehicle’s control 
parameters and driver inputs, enabling the system to assess how the driver is interacting with 
the vehicle in real-time. 

  

 

Figure 11. CAN-BUS device 

2.6.1.4. Cameras   

Cameras capture visual data of the vehicle’s surroundings, including lane markings, traffic 
signs, and the positions of other vehicles and pedestrians. Advanced image processing 
techniques are often used to extract the most important information from the captured 
images. Cameras enhance the information of surroundings by providing a visual 
understanding of the environment, which is critical in making decisions when the driver has 
to make any manoeuvres. At this point two types of cameras can be considered, on the one 
hand, the external camera captures visual data of the vehicle’s surroundings, this information 
is often processed using advanced image recognition techniques. 

On the other hand, internal cameras, monitoring the vehicle’s interior, providing information 
of the behaviour and condition of the driver and passengers. These cameras can detect a 
driver falling asleep or showing signs of distraction or improperly seated passengers 
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Figure 12. Cameras. 

In conclusion by using these devices: GPS and GNSS for precise positioning, radar for 
detecting nearby objects, CAN-BUS reader for monitoring vehicle dynamics, and cameras for 
visual perception the system gets comprehensive data to evaluate driving scenarios. This 
multi sensor approach ensures accurate and reliable information, which is essential for 
making decisions that improve safety, efficiency and driving performance in various 
conditions. 
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3. RESULTS 

3.1. Tools and methodologies 

After a thorough analysis of various tools and methodologies, including Carla, Carsim, and 
MATLAB/Simulink, we have determined that the use of Look-Up tables is currently the fastest 
and most efficient solution for evaluating the sensations experienced by vehicle driver and 
occupants under different driving conditions. 

In the following paragraphs, we will present the results obtained in CarSim during specific 
manoeuvres. These results will be used to generate the behavioural curves that form the basis 
of the Look-up tables. These values will be implemented in Carla or any other virtual simulator, 
enabling accurate and efficient simulation of vehicle dynamics and their impact on occupant 
experience. 

The practical integration of simulated longitudinal acceleration and braking in CarSim within 
CARLA environment can provide a detailed analysis of the roll, pitch and yaw angle and its 
influence on the comfort and sensations experienced by the driver and passengers. This 
approach allows evaluating how the dynamics vehicle stability and occupant perception in 
realistic situations changes. In Figure 13, we can see a schematic representation of how the 
methodology works. Starting with the simulation of the required scenario, longitudinal and 
lateral accelerations are obtained. These accelerations, based on the vehicle dynamics (such 
as suspension stiffness and damping, geometrical characteristics of the vehicle, centre of 
gravity, tire model, etc.), are transformed into fundamental variables like yaw, pitch, and roll 
angles. Furthermore, in a subsequent step, the variation of these variables over time is 
calculated (yaw rate, pitch rate, and roll rate). 

 

Figure 13. Interaction between virtual environment, look-up tables and simulator utilities 
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3.1.1. Configuration of simulation in CarSim 

The process has started by modelling acceleration and braking scenarios in CarSim to obtain 
detailed data on longitudinal dynamics (such as acceleration, deceleration, and changes in 
yaw, roll and pitch angle). Adjust braking and acceleration control parameters to reflect 
specific conditions, such as emergency braking or rapid acceleration on a straight road. 
CarSim provides key variables such as yaw, roll and pitch angle, yaw, roll and pitch rate (Figure 
14), and the longitudinal and lateral forces generated. These data reflect the longitudinal, 
lateral and vertical movement experienced by passengers, which are important elements for 
comfort and safety. 

 

Figure 14. Yaw, roll and pitch angle. Yaw, roll and pitch rate 

3.1.2. Practical example of integration 

A practical integration could involve simulating two type of analysis acceleration with 
different level of throttle pedal and emergency braking at a busy intersection. CarSim could 
provide the precise acceleration or deceleration profile and effects on occupant comfort, 
while the simulator would model interactions with other vehicles and pedestrians. This 
combination enables evaluation of how a hard brake or throttle is perceived by occupants in 
a realistic traffic context, providing data to adjust both vehicle dynamics and driver warning 
systems. 

The next step is composed to export the results obtained in CarSim (yaw, roll and pitch angle, 
longitudinal and lateral accelerations) as datasheets which can be read in CARLA or other 
simulators. This integration can be done through an API or by importing pre-processed data 
to reproduce the same acceleration and braking profile in the simulator. 

For simplicity, we will summarize the results by focusing on the variation of the roll and pitch 
angles as a function of longitudinal acceleration/deceleration(Figure 15), in a scenario of 
straight road and the variation of the aforementioned angles in scenarios of acceleration and 
breaking in curve Figure 16.  
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In the Figure 15, the intermediate values (between the simulated points) were extrapolated to 
ensure a continuous response, facilitating a seamless and efficient implementation in the 
subsequent virtual simulator. 

   

Figure 15. Roll and pitch angle and longitudinal acceleration 

The Figure 16 shows the influence of the value of lateral acceleration in the roll and pitch angle 
in scenarios of curve acceleration. 

   

Figure 16. Roll and pitch angle and lateral acceleration 

3.2. Use cases  

A comprehensive study has been conducted to examine how different types of drivers 
(cautious, alert, assertive, distracted, and aggressive) respond to specific driving situations. 
The findings of this study have been compiled into a reference table, which details how each 
driver type behaves in various scenarios, such as an emergency situation. Each driver type has 
been assigned a specific reaction time (this value has been taken as a reference and it may 
change along the evolution of the project depending on the results of the FOTs, simulations 
and WP5 tests), which plays a key role in determining their response in critical moments, for 
example when the leading vehicle performs an emergency brake. This reaction time varies 
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depending on the driver's profile and influences their ability to take appropriate actions, like 
executing emergency braking or an evasive lane change, depending on the given use case. 

Although the study was conducted across all use cases, we have chosen to present only the 
information relevant to use case 1, specifically focusing on option 2. This decision was made to 
highlight the key findings related to this particular scenario, providing a more detailed 
analysis of how different driver types respond under the conditions described in this use case. 

3.2.1.  Use case 1. Option 2 

In this scenario, the ego-vehicle is traveling behind a leading vehicle in the right lane of a 
highway. Unexpectedly, the leading vehicle initiates an emergency braking, the ego-vehicle’s 
driver must perform an emergency manoeuvre. The driver has two options: either execute an 
emergency stop or carry out a manoeuvre to safely switch to the left lane. The setup, Figure 
17, involves a two-lane highway where the ego-vehicle (Car A) is following the lead vehicle (Car 
B) in the right lane. An overtaking vehicle (Car C) may be present in the left lane potentially 
overtaking both the ego and the lead vehicle.  

     

Figure 17. Collision risk management on highway Option 2. Reaction time as a function of 
type of driver 

A detailed study has been conducted on the relationship between different types of drivers 
(cautious, alert, assertive, distracted, and aggressive) and their behaviour in specific driving 
situations. The results of this analysis have been organized into a reference table, Figure 18, 
which outlines the characteristics of each driver type in the scenario. In this study, each driver 
type has been assigned a specific reaction time, which directly influences how they respond 
to critical situations, such as an emergency braking by the lead vehicle on the road. This 
reaction time will vary depending on the driver type, affecting their ability to perform 
manoeuvres like emergency braking or evasive lane changing, based on the use case 1. 
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Figure 18. Summary results of UC1 option 2. 

The previous Figure 18, highlights how, based on the speed of the ego vehicle, the speed of 
the vehicle ahead, and the speed of the vehicle behind, along with the distance between the 
ego vehicle and both the preceding and following vehicles, as well as their relative velocities, 
we can determine the time available before a potential collision with either the vehicle in front 
or the one behind.  

Additionally, when we add the factor of reaction time associated with the specific driver type, 
we can calculate the exact time to collision for both the front and rear vehicles. This collision 
time information can then be converted into the necessary deceleration required to avoid the 
collision, which is represented in brown cell. 

As we have seen, the previous table demonstrates how variables such as speed, distance, and 
reaction time, derived from Task 1.2, are related to various driving conditions and different 
driver profiles. Additionally, the following images (Figure 19) illustrate key moments when the 
vehicle makes decisions regarding the feasibility of overtaking, based on the relative distances 
and speeds of the surrounding vehicles. 

  

Figure 19. Collision between front vehicle (blue one) and rear vehicle (yellow one) 

In this case, the Figure 20 depicts how the vehicle safely executes the overtaking manoeuvre 
when conditions allow, while in situations where there is insufficient time or distance, it 
remains behind the preceding vehicle to ensure safety conduction, waiting the necessary 
time to carry out the overtaking after the yellow car. 

Cautious Alert Assertive Distracted Agressive DBM

Ego vehicle speed (km/h) 80 80 80 80 80 80
In front vehicle speed (km/h) 20 20 20 20 20 20
Behind vehicle speed (km/h) 120 120 120 120 120 120
Distance ego-in front (m) 60 60 60 60 60 60
Distance ego-behind (m) 40 40 40 40 40 40
Reaction time (s) 0,9 0,6 1,2 2 1,2 0,1

Relative speed in front (km/h) 60 60 60 60 60 60
Relative speed behind (km/h) 40 40 40 40 40 40
Time to collision in front (s) 3,6 3,6 3,6 3,6 3,6 3,6
Time to collision behind (S) 3,6 3,6 3,6 3,6 3,6 3,6
time to collision in front considering reaction time (s) 2,7 3 2,4 1,6 2,4 3,5
time to collision behind considering reaction time (s) 2,7 3 2,4 1,6 2,4 3,5

Average acceleration needed in front (m/s2) 6,17283951 5,55555556 6,94444444 10,4166667 6,94444444 4,76190476
Average acceleration needed behind (m/s2) 4,11522634 3,7037037 4,62962963 6,94444444 4,62962963 3,17460317

Typical deceleration (to be defined at FOT)
Typical acceleration (to be defined at FOT)
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Figure 20. Overtaken to front vehicle (blue one) 

4. CONCLUSIONS 

Throughout this activity, various methods have been studied and analysed with the goal of 
making the perceptions of vehicle occupants during different manoeuvres more realistic 
across a wide range of scenarios. 

Initially, the use of Carla as the primary platform was evaluated, revealing significant 
limitations in its physical modelling and dynamic behaviour. 

Additionally, the possibility of using more general-purpose tools such as MATLAB and 
Simulink was explored. While both software suites offer great flexibility, their implementation 
for this type of analysis proved to be complex, and the real-time exchange of information 
could be compromised, avoiding the seamless interaction required for dynamic simulation. 

Based on this comprehensive evaluation, the most effective solution has been found to be the 
use of Look-up tables. This approach combines the high-resolution capabilities of specialized 
vehicle dynamics software like CarSim with the versatility and scalability of virtual 
environments such as Carla or other simulators. 

Thanks to the simplicity and efficiency of Look-up tables, the exchange of information 
between them and Carla or other simulators is virtually instantaneous. This enables a much 
more accurate response in terms of occupant comfort and environmental perception. 
Consequently, the use of this methodology enhances the correlation of environmental 
variables with their impact in the user experience. Besides the developments created during 
this task allow us to create advanced driver assistance and safety systems. 

The analysis of the relationship between key variables such as speed, distance, and reaction 
time, derived from Task 1.2, highlights their critical importance in decision making across 
various driving conditions and with different driver types. These variables enable accurate 
estimation of the time available before a potential collision and the necessary deceleration to 
avoid it, providing a solid foundation for predicting and managing vehicle behaviour in risk 
situations. 

Incorporating the driver type (cautious, alert, assertive, distracted, or aggressive) adds an 
additional layer of precision, as reaction time directly affects the ability to perform safe 
manoeuvres, such as emergency braking or overtaking. 

Furthermore, the simulation datasheets assess the feasibility of overtaking, based on the 
relative distances and speeds of surrounding vehicles, allowing the system to determine 
whether the manoeuvre is safe or if it should remain behind the preceding vehicle. This 
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approach ensures safer and more efficient driving, taking into account the environmental 
conditions and the driver's characteristics. 

Once the accelerations or decelerations to avoid collisions have been identified and analysed 
for each use case in this task, the next step is to translate these variables (accelerations) or 
other relevant factors into the sensations and perceptions experienced by the driver and 
occupants within the vehicle. 

To ensure these perceptions are as realistic as possible, they are represented through look-up 
tables. These look-up tables establish a relationship between vehicle dynamics variables 
(primarily accelerations) recorded during the analysis of the different use cases (from 1 to 5), 
considering the reaction time associated with each driver type and  parameters such as pitch, 
roll, and yaw angles which reflect how the driver perceives each acceleration they experience 
across various scenarios (use cases). 
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