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Foreword
Valeo is one of the market leading automotive suppliers. One important field of activity is Driver Assistance
Systems. For high speed driving, Valeo’s camera-based Lane Keeping Assistance System and Adaptive Cruise
Control are in series. Currently the research and development goes towards more advanced Driver Assistance
Systems that shall require less driver intervention.

The aim of this final PDEng project was to make the default Adaptive Cruise Control target vehicle selection
smarter and more intuitive by increasing the amount of considered vehicles that influence the host vehicle behavior.

Abhishek had a very good start in Valeo. Within a short time, he understood the project definition. He identified
the project risks and fought his way independently through the software tools. In the end he delivered showable
results. He developed a robust strategy to handle more than one target vehicle. We are convinced that we will use
the experience and integrate the logic into our Software standard for higher automation levels. Abhishek showed
a very structured working manner. He never let the aimed result out of sight. He acts friendly but persistent. This
brought him to good results at Valeo.

We want to thank Abhishek for his contribution to our platform development and we wish him all the best for the
future.

Ornella Nath / Graziano Nardelli
September 2019
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Preface
This technical report is the result of my final project for the Professional Doctorate in Engineering (PDEng) program in Automotive Systems Design (ASD) at the Eindhoven University of Technology (TU/e). The program
emphasizes on systems design, during which the trainees focus on strengthening both their technical and nontechnical competencies related to the effective and efficient design. In the program the development of technologies and applications for modern high-tech Automotive Systems in the context of smart mobility societal challenges is also addressed. The program majorly focuses on the multidisciplinary design aspects of project-based
research and engineering in high-tech automotive systems. During the program the PDEng trainees tackle the
challenges that are currently faced by the automotive industry: a systems approach to problems around mobility
and fuel efficient automotive systems, including communication systems, cooperative driving and developments
towards autonomous driving.

The program is divided into two parts. The first fourteen months include working on real problems from various
companies from the automotive industry and innovative spin-outs and research institutes. During these projects
the PDEng trainees work in teams in the same way as in industry. During this duration some time is spent on
courses and workshops for improving technical and non-technical skills. The second part includes a 10 month
individual project in a company which includes working on a challenging and innovative technological design
project – a real problem that needs to be solved. This project integrates a number of disciplines and is supervised
by engineers from industry as well as by university staff. This way the trainee is supported by scientific knowledge,
practical design experience and project management expertise.
Valeo’s existing longitudinal control functions are performed by Adaptive Cruise Control (ACC) system. In principle, this system is responsible for adjusting the speed of the vehicle according to the driver’s desired set speed
and a following distance relative to a vehicle in the front. The main purpose of this project is to extend the existing
Valeo ACC system by improving the analysis of the vehicles ahead and determine how they will affect the current
ACC system. Hence, Valeo’s target is to extend the functionality and availability of the system while improving
its performance. In this context, my project included development of an extended ACC system and is defined as
Development and Validation of Advanced Target Analysis for a Longitudinal Controller.
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Executive Summary
Project Context
Valeo is one of the world’s largest global automotive supplier with more than 113,000 employees around the
globe. Out of these more than 19,800 are working in 59 Research and Development centers around the globe. The
primary aim of Valeo is to make urban mobility safer and more sustainable by designing [1]:


Eco-solutions that reduce vehicle fuel consumption and greenhouse gas emissions.



Intuitive solutions that prevent accidents and improve the driving experience.

Additionally Valeo supplies a wide range of products to automakers and aftermarket, with a focus on the autonomous car revolution. This is primarily done in 4 business groups:

1.

Comfort and Driving Assistance Systems

2.

Visibility Systems

3.

Thermal Systems

4.

Powertrain Systems

The project is part of the Comfort and Driving Assistance Systems group. This group designs different algorithms
for sensors which are used in conjunction with different systems in order to detect obstacles around the Ego vehicle, making driving and parking more enjoyable and safer. These functions are primarily categorized into lowspeed functionalities, such as Parking, and high-speed functionalities, such as Cruise Control (CC).
In high-speed functionalities, Valeo’s focus is to achieve higher level of automation, wherein ultimately the system will take full control of the vehicle’s steering, acceleration and braking. Additionally, more focus is placed
on improving active safety features that make driving safer in both manual and automatic modes. The focus of
the project is on the high-speed functionality - ACC system. To determine the goals of the project, first some
background information on the ACC system is provided along with some previous research done for extending
the functionalities of an ACC system.

Adaptive Cruise Control (ACC) System
Since some decades, Advanced Driver Assistance Systems (ADAS) has been a major area of research for the
automotive industry. These systems are expected to grow more as the technology develops and will be shaping
the future of the industry [2]. These systems aim at improving the safety not only for the occupants of the vehicle
but also for the people in the immediate surrounding. Additional benefits of these systems are improved driver
comfort and fuel efficiency.

An ACC system is an ADAS and integrated into high-end vehicles by multiple OEMs globally. The system is
also classified as longitudinal control system as the primary function is to control the longitudinal acceleration of
1

the vehicle in order to maintain a set speed and/or drive behind a preceding vehicle at a safe distance [3]. The
popularity of the system has been increasing over the years with advancement in vehicle technology and improvements in infrastructure. The research is also progressing in the direction of Cooperative Adaptive Cruise Control
(CACC) System which focusses on sharing information between the vehicles by means of wireless communication. For this, Vehicle-to-vehicle (V2V), Vehicle-to-infrastructure (V2I) and/or Vehicle-to-everything (V2X)
technologies are used [4] [5]. Multiple researchers have worked on these and proved the benefits of a CACC
system in terms of traffic flow [6] [7].

The Society of Automotive Engineers (SAE) has defined ADAS automation levels [8]. A brief overview of these
levels is shown in Figure 1. The automation levels are categorized into 6 categories, in which the automation starts
with driver assistance systems (Level 1), continues with partial (Level 2) and conditional (Level 3) driving automation, followed by high driving automation (Level 4) and concludes with full driving automation (Level 5).
According to these levels, an ACC system falls under Level 1 automation when used alone and Level 2 automation
when coupled with lateral control systems, such as Lane Centering Assist.

Dynamic Driving Task (DDT)

Level

Name

Narrative Definition

Sustained
lateral and
longitudinal
vehicle motion
control

Object and
Event
Detection
and
Response
(OEDR)

DDT
fallback

Figure 1 – SAE Automated Driving Levels from SAE International J3016 [8]
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Operational
Design
Domain
(ODD)

An overview of the ACC system is provided in Figure 2. The main components include


Sensors Unit: The sensors provide information about the surroundings which include vehicles and lanes.



HMI unit: The HMI acts as an interaction between the system and the driver. The driver activates the
system and provides the information about desired set speed and time gap. The system displays the output
information from the control unit to the driver.



Control Unit: The control unit takes the input from the sensors and HMI unit and primarily performs two
tasks. The first task is target selection and the other is to determine the desired acceleration of the vehicle.
The output is sent to the HMI unit and Acceleration and Brake unit.



Acceleration and Brake Unit: The acceleration request from control unit is used by this unit to determine
the necessary torque to the powertrain to control acceleration and/or braking of the vehicle.

Figure 2 – Visual representation of the components of an ACC system [10]

Project Goals
Current ACC system by Valeo is SAE level 1 automation system which is coupled with lateral assist functions.
The ACC system controls the vehicle speed based on one or two target vehicles. An example of this is shown in
Figure 3, with the red vehicle being the ego vehicle.


The top picture shows a single target which is a Primary Target. The primary target is a target which is
driving in front of the ego vehicle in the ego lane. In this case, the ego vehicle follows the primary target
at a desired distance.



In the bottom picture, there are 2 targets – a Primary and a Cut-in Target. The cut-in target is a target
which is cutting-in from the adjacent lane to the ego lane and becomes the primary target when it is fully
inside the ego lane.
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Target

Cut-In Target

Target

Figure 3 – Baseline ACC System - Use Cases which consists of one and two targets respectively

However, just using one or two targets for analysis limits the number of use cases that occur in the real world
scenarios. Other targets such as vehicles in front of the primary target or on the adjacent lanes can influence the
ego vehicle in some specific situations.

The goal of the project is to extend the current ACC system by improving the analysis of the vehicles ahead and
consider how they should influence the acceleration of the ego vehicle. The goal can be further divided into subgoals as listed below:


Determining real world scenarios which require extended analysis of vehicles, other than two targets
already covered by Valeo, and defining the use cases and system requirements for the same.



Designing and implementing the new functionalities for the extended ACC system and integrating them
into the Valeo’s current architecture.



Improving the current Valeo’s simulation environment to incorporate the new functionalities of the extended ACC system.

A research question can be posed from these goals – “How can the current ACC system be extended to cover
additional targets?”

Analysis of Extended ACC System
An overview of the extended ACC system derived from the ISO 15622:2018 [9] standard is shown in Figure 4.
The components and their respective functionalities involved in the extended ACC system are as follows:

1.

Extended ACC System
The extended ACC system, shown in the center of the Figure 4, is the primary component which receives
information from the other components. It receives information about the target vehicles in front of the
ego vehicle, state of the ego vehicle and driver commands. This received information is used to calculate
the desired acceleration value and sent to the actuators for the longitudinal control of the ego vehicle.
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Environment

Vehicle

Driver

Ego vehicle motion
determination

Acquisition of driver
commands

Detection and Ranging
of the forward targets

Extended ACC System

Driver information

Actuators for
longitudinal control

Figure 4 – Functional elements of the extended ACC system as per ISO 15622:2018 [9]

2.

Front Sensing Unit
The front sensing unit is used to provide information about the surroundings of the ego vehicle. It is
shown in the left section of the Figure 4, which covers the environment. The sensors send information
about the targets in front of the ego vehicle, such as distance of the target from the ego vehicle, speed of
the targets, etc. Also information about the road, such as lanes, is provided by the front sensing unit.

3.

Vehicle State Sensing Unit
This unit is shown in the top-middle part of the Figure 4 and covers the function ‘ego vehicle motion
determination’. This is done by providing the odometry information about the ego vehicle, such as wheel
and engine speed, yaw rate, etc., to the extended ACC system.

4.

Actuators for Longitudinal Control
The extended ACC system determines the longitudinal control request and sends it to this unit. The longitudinal control request is the required acceleration and deceleration values to control the ego vehicle.
This functionality is shown in bottom-middle part of the Figure 4.

5.

Human-Machine Interface (HMI)
The component acts as a link between the driver and the extended ACC system. It covers the two functionalities shown in the right part of the Figure 4 – ‘Acquisition of driver commands’ and ‘Driver information’. The prior functionality consists of buttons and/or switches through which the driver can send
the actuation commands to the extended ACC system. The actuation commands are used to activate/deactivate the system, select the set speed and the time gap. The latter functionality consists of the digital
screen where the information sent by the extended ACC system, such as the driver inputs, is displayed
to the driver.
5

Project Management
During the initial phase of the project, work breakdown is an essential activity in order to provide a planning of
the project. This was achieved by defining the project goals at the start of the project. Then, in order to find the
underlying problem, it is important to understand the needs of the customer. This was achieved by performing a
problem analysis as explained earlier. Once the problem has been identified, the next step is to determine tasks
within the scope of the project and associated list of limitations and/or assumptions.

After defining all the tasks, the V-cycle model engineering approach is used which categorizes the tasks in different phases. In order to allot time duration for these different phases and determine different milestones, a Gantt
chart is created and is referred during the entire course of the project. The final version of the Gantt chart is
available in Figure 5.

Literature Review
Define Use Cases
Determine Requirements
System Architecture
Holiday
Implementation
Simulation

Vehicle Testing & Validation

Re-engineering

Documentation
Presentation
Jan

Feb

Mar

Mar

Jan 15-18

Valeo Visit
Kick-off

Valeo
Visit

Apr

May

Jun

Jul

Aug

Sep

Oct

Oct 23

Apr 1

Graduation Day

Move to
Stuttgart

Oct 17
Jan 7

Official Start

Feb 11-15

Valeo Visit

Mar 27

PSGM 1

May 15

PSGM 2

July 2

PSGM 3

Aug 29

Final Presentation

PSGM 4

Figure 5 – Project Planning – Gantt Chart

Conclusions
The complete project successfully followed the V-cycle model system engineering approach for the proof-ofconcept implementation of the extended ACC system. The implementation and integration of the developed functions into the Valeo’s platform is performed in a modular war. The developed functions have been simulated and
validated by performing simulations for various test cases.
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