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1 Executive summary  

Over 42 months, ending in June 2017, 28 partners from all over Europe collaborated in the large -

scale project ,  AdaptIVe, to advance the performance of automated driving systems for cars and 

trucks. Taking automation to higher levels, AdaptIVe õs results support the goals of making driv-

ing safer and more comfortable , and of reducing congestion and fuel consumption. With the 

AdaptIVe applications, vehicles will react more effectively to external threats, will be resilient 

to different types of human and machine errors , and dynamically adapt the level of automation 

according to the current situation.  

The key result from the proj ect was the development of several automated functions offering 

different levels of assistance, including partial, conditional ,  and high automation. These systems 

were implemented in eight demonstrator vehicles (seven passenger cars and one truck), with a 

focus on three traffic scenarios: parking areas, the urban environment , and highways. In paral-

lel, the project investigated other important domains, where new knowledge is required to sup-

port the advancement of automated driving. These areas are the legal framework, the interac-

tion between the human being and the system, and new evaluation methods that hadnõt yet 

been used for state -of-the-art  experiment s. 

This deliverable first describes the AdaptIVe concept and objectives as well as the chosen meth-

odological approach in chapters 2 and 3. Next, in chapters from 4 to 10  it illustrates the main 

achievements regarding all the areas just mentioned. The following part in chapter 11 highlights 

the perspectives of deployment for automated driving, addressing both technology and market 

aspects. Finally, a conclu ding section in chapter 12 reports about the major lessons learnt in the 

project and an outlook with research needs, with the aim to provide guidance for future initia-

tives.  

A synthesis of the various parts of the present report is introduced  here: 

1.  In the area of legal aspects ,  partners conducted an analysis on several legal topics including 

civil liability, regulatory law, data protection , and the rules of approval , focusing on EU 

member states and current ac tivities in the US. As a result,  this identified  obstacles in the 

path towards the implementation of automated driving, with a view to possible future 

trends in the legal and regulatory field s. The project also discussed the appropriate termi-

nology and classification of automation levels. A study on the technical system limitations 

and existing approaches for safety validation allowed the specification of  further require-

ments for establishing a Code of Practice for  automated driving.  

2.  The activit ies on Human-Vehicle Integration  provided insight s into driver behaviour in se-

lected scenarios, establishing a set of design guidelines. The underlying rationale was the 

changing role of the driver, from an active controller to a more passive supervisor, s uch 
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that problems may arise related to inattention or reduced situational awareness  as exam-

ples. After defining a set of use cases, the project performed several  experiments, mostly 

based in driving simulators, addressing key research questions in the area of Human Factors. 

The topics under examination included: driver in and out of the loop, driver state, second-

ary tasks, changes between automation levels, shared control, and HMI. This research gen-

erated a structured catalogue of recommendations for the user-centred design of auto-

mated vehicles, which is now available for  future studies. These conclusions were also ap-

plied to improve the solutions in the demonstrator vehicles.  

3.  Application development  considered three basic situations: (i) close -distance scenarios, 

with a focus on precision in the reconstruction of the environment; (ii) urban scenarios, 

dealing with the traffic complexity; and (iii) highways scenarios, addressing a full range of 

continuously operating functions, up to 130 km/h. The development of th e demonstrator 

vehicles with several implemented functions led to advances in many domains. To name just 

a few: a common architecture, new approaches for perception, communication protocols, 

fail -safe solutions, cooperative merging into a lane, a co -driver  module adapting the auto-

mation level to the situation, and a minimum -risk manoeuvre able to bring the vehicle to a 

safe stop. 

4.  The evaluation  work started by developing a framework of methodologies  that took  into ac-

count the new requirements for  automated driving. The study considered a technical assess-

ment, a user -related assessment, and in-traffic behaviour (regarding the interaction be-

tween vehicles, either automated or not). In the final project phase, these methods were 

applied to vehicle testing. More over, efforts were devoted to an impact analysis using simu-

lation at a macro level, with a focus on safety and energy efficiency. The overall evaluation 

showed that the implemented  automated systems demonstrate a control capability and var-

iability that is very similar to human driving behaviour. There are two results that stand 

out: first, the time required for a lane change  is much more uniform in automated driving , 

and, second, the automated driving function show much less variability in headway keeping.  

Questionnaires submitted to subjects after an extended experience with automated driving 

on the highway revealed that they perceived the system as useful and satisfactory. On the 

negative side, participants pointed out  system failures, reckless behaviour i n some situa-

tions, and problems while overtaking. The simulations of accident scenarios showed a good 

safety potential. The assessment of environmental impacts indicated that the travel time 

can almost be maintained while a 12.8% reduction of energy demand  is feasible due to ac-

celeration behaviour at penetration rates of 50%.  

5.  The project derived a perspective for the deployment of Automated Driving  with  surveys 

on the legal and technical aspects, workshops, and discussions with experts and market spe-

cialists. Key challenges and corresponding market drivers were identified in the domains of 
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system reliability, validation, legal aspects, mixed traffic, and Human Factors. The study 

allowed the defining of  roadmaps covering the technical functions developed in the project, 

with a time horizon through 2030. Despite the challenges, the European automotive commu-

nity expects a broader market introduction for automated driving over the medium term, 

starting with parking an d progressing with applications for the highway.  

In conclusion, automated driving remains a field open to further developments, and a comp lete, 

more coherent picture will come into focus over  the coming years, including applications for 

freight delivery. T he results obtained in AdaptIVe provide an industrially oriented point of view, 

with relevant clues in all the key areas. A suitable route towards automation will require close 

cooperation between all the stakeholders, as well as greater public understandi ng of the poten-

tia ls and limitations of automated vehicles. The project partners believe that legal issues will 

remain on the international scene over the coming years, especially as regards liability, type ap-

proval,  and data security/privacy.  

Specific research is required for the subsequent  steps to be taken . These include a more com-

plete validation of the solutions, using pilots and Field Operational Tests with potential users. 

The roadmap for reaching higher levels of automation should be enhanced, figur ing out what the 

optimal functions are. In this context it will be important to consider on-road vehicle  interac-

tion s at different automation levels as well as the role of infrastructure. From the technology 

point of view, one remaining key topic is perception improvement, possibly strengthened by new 

sensors able to handle a wide variety of more complex  situations. Communication techniques 

will also require additional efforts, including standards and interoperable solutions. In the do-

main of Human Factors, further studies are certainly needed as regards effective approaches for 

human-vehicle interaction. As new developments become available, a study of automated driv-

ingõs long-term effects will become crucial for  understanding the influence of both positive and 

negative factors.  



Deliverable D1.0 //  //  4 

20.06.2017 // version 1.0 

2 The Project and Its C ontext  

2.1  What Is Automated D riving  

Automated driving is seen as a major breakthrough in automotive technology, with the potential 

to modify mobility  models for vehicle users, and even to shape our lifestyles  in some ways. 

Over the past years, all major car and truck manufacturers have been seriously investigat ing au-

tomated driving technologies,  with an aim  to introduce self -regulating systems able to partially 

or totally replace the human driver for longer periods of time  and in a larger range of situations.  

The main drivers for these implementations are:  

ɻ Safety: the system is able to assist or replace drivers, especially in demanding or repetitive 

tasks, avoiding errors and reducing the occurrence of accidents.  

ɻ Traffic efficiency and environmental benefits: automated driving improves traffic flows and 

reduces energy consumption and CO2 emissions. 

ɻ Social aspects: this technology significantly enhances mobility access for every one, particu-

lar ly with respect to  unconfident drivers and present trends towards an ageing society.  

In this context, automated driving can be considered a key aspect for future global t ransport, 

well in line with the policies of the European Union and its member states as regards social and 

environmental challenges.  

Automated driving has also received a great deal of  attention from the media and the general 

public  in recent years , apparently being met with a mixture of fascination and scepticism. Fasci-

nation comes from the technological advances  already demonstrated by several manufacturers, 

and from a kind of dream as regards the possibility of reducing workload when driving and gain-

ing more time for oneself . At the same time, scepticism arises from a lack of trust  in the tech-

nology, such that g eneral confidence in it will be enhanced when people see more examples  of it  

in action.  

In terms of enabling technologies, automated driving is an evolution from the advanced driver 

assistance systems (ADAS) for active safety, which were developed over the  past decades and 

are still being continuously improved. The key elements of the technology are therefore as fol-

lows: 

ɻ A reliable sensing system is required to perceive the environment and nearby obstacles, in 

many cases addressing complex and highly dynamic scenarios. Sensors can be supported by 
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digital maps, and by communication with the infrastructure or between vehicles. A percep-

tion system analyses the data and provides a real -time reconstruc tion of the dynamic sce-

nario.  

ɻ The next important element is the on -board intelligence, which must work out  suitable and 

safe driving strategies. A fundamental point in this respect is the system operation in close 

connection with the driver, understanding their  intentions , but also acting autonom ously 

when necessary. It is clear that automated driving involves several new situations that have 

not yet been experienced in ordinary vehicles. With the increase of automation, the role of 

the human being will gradually be changing from that of an active driver to a passenger, at 

least for some parts of the trip . 

ɻ The final key element concerns the actuators, which impact  the precise control ling of vehicle 

dynamics, and the Human-Machine Interface (HMI). This latter  point remains a required as-

pect, since the driver maintains a supervisory role, and in specific circumstances must re -en-

gage in the driving task when the system is unable to manage the situation.  

Europe has established technological and industrial leaders hip in these areas derived from a long 

history of collaborative research, investments , and product development.  

Nevertheless, the automotive community is facing important challenges when aiming for  higher 

levels of automated driving that can operate in varying traffic conditions. These challenges in-

clude improving the technology ð for instance where reliability and fault -tolerance become fun-

damental ð but other aspects must also be considered. One obvious point is that legislation and 

the regulatory framewo rk must be adapted to the technological advancements. The path to in-

dustrialisation is another basic aspect  that must be considered  in order to meet customer sõ ex-

pectations and to obtain economic benefits. Many of these challenges have been addressed in 

the AdaptIVe project, and the corresponding considerations are treated in the subsequent chap-

ters of this report.  

Having briefly outlined some key aspects of the on -going evolution towards automated driving, it 

is important t o have a clear understanding about automation levels  and their classification. A 

definition of these levels is presented in Table 2.1 showing how the role of the automated sys-

tem increases from Level 0 to Level 5. The logic behind these definitions is easy to understand: 

the driving task is composed of different subtasks  such as speed keeping, distance keeping to the 

vehicle in front, lane keeping , and obstacle avoidance (to name but a few ). As the automation 

level  increases, more and more of those subtasks are transferred from the human driver to the 

technical system. The c lassification in the table was formulated by the SAE International Organi-

sation [SAE 2014] and selected by AdaptIVe after a comprehensive analysis. The focus of current  
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developments by car manufacturers is in the range from Level 1 to Level 4. An important  transi-

tion is between partial automation ( Level 2) and conditional automation ( Level 3), since in the 

latter case the driver is allowed to be out  of the loop.
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Table 2.1: Terms and categorisation of automated driving according to SAE 

SAE 
Level 

SAE name SAE narrative definition  

Execute 
steering and 
acceler./ 
brake 

Monitor driv-
ing environ-
ment 

Fall-back per-
formance of 
dynamic driv-
ing task 

System capa-
bility (driving 
mode) 

Human driver monitors the driving environment  

Human driver Human driver Human driver n.a.  
0 

No Automa-
tion  

The full -time performance by the human driver of all aspects of the 
dynamic driving task, even when enhanced by warning or interven-
tion systems 

1 
Driver As-
sisted 

The driving mode-specific execution by a driver assistance system 
of either steering or acceleration/deceleration using information 
about the driving environment and with the expectation that the 
human driver perform all remaining aspects of the dynamic driving 
task 

Human driver 
and system 

Human driver Human driver 
Some driving 
modes 

2 
Partial Auto-
mation  

The driving mode-specific execution by one or more driver assis-
tance systems of both steering and acceleration/deceleration using 
information about the driving environment and with the expecta-
tion that the human driver performs all remaining aspects of the 
dynamic driving task  

System Human driver Human driver 
Some driving 
modes 

Automated driving system (òsystemó) monitors the driving environment 

System System Human driver 
Some driving 
modes 

3 
Conditional 
Automation  

The driving mode-specific performance by an automated driving 
system of all aspects of the dynamic driving task with the expecta-
tion that the human driver will respond appropriately to a request 
to intervene  

4 
High Automa-
tion  

The driving mode-specific performance by an automated driving 
system of all aspects of the dynamic driving task, even if a human 
driver does not respond appropriately to a request to intervene  

System System System 
Some driving 
modes 

5 
Full Automa-
tion  

The full -time performance by an automated driving system of all 
aspects of the dynamic driving task under all roadway and environ-
mental conditions that can be managed by a human driver  

System System System 
All driving 
modes 
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2.2  Overview of the State of the Art in ADAS 

This section of background information briefly provides an overview of industrial and research 

activities as regards driver assistance systems and automated driving for  understanding the avail-

able solutions, some technological limitations , and the areas requiring new advancements. The 

focus is on technical aspects, since the regulatory issues are addressed in a subsequent chapter.  

Market products: The automotive industry  is focusing its efforts on developing products and so-

lutions to support drivers. Until a few years ago, the majority of such systems only provided in-

formation or warning to the driver , and few could actually intervene or automate parts of the 

driving task . Examples of warning-based systems on the market include forward collision warn-

ing, blind -spot detection, lane departure warning and lane change assistant. More recently, car 

manufacturers are proposing active intervention systems that  can be considered precursors to 

automated driving. Among them are collision mitigation and brake assist.  

A more advanced system with automated operation that has already entered the market is the 

parking assistant. However, these applications have several technical limitatio ns that  restrict 

their operation to well -structured spaces or controlled environments.  

Finally, advanced emergency braking can be considered a significant example that  automates a 

part of the driving task, at least in specific  situations when a collision i s imminent and it is in-

ferred from sensor data that the driver has no possibility to intervene. This system is rapidly 

gaining penetration on the European market.  

While driver assistance systems have mainly targeted highway or parking scenarios in the past, 

their use in inner -city traffic is increasingly coming into focus nowadays. The latest generation 

of systems will accelerate the trend of automation in more complex driving situations. This will 

require innovation in environmental perception , the vehicle  state, and the corresponding capac-

ity  for planning suitable manoeuvres  while  taking into account infrastructure and the behaviour 

of other road users. Future systems will  therefore  have greater  requirements for  sensor cover-

age, particularly in urban scenarios , where it will be necessary to perceive the entire  surround-

ings. 

One of the reasons why such systems have not yet been deployed on a wide scale is the high cost 

of the sensors required for full environmental perception. In order to overcome certain physical 

limitations of sensor -based systems, solutions related to wireless communication have been in-

vestigated. However, there are a number of obstacles for exploiting this approach: currently  on-

going standardization activities, the critical mass in the market needed for proper operation, 

combined with the investments required for infrastructure. For these reasons òtalkingó vehicles 

have not yet reached the market. Other technical reasons hindering th e development of auto-

mated driving are related to the limitations in the systems õ intelligence. It remains difficult for a 
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computer -based system to understand traffic situation s in all cases, even unexpected ones, and 

act accordingly. Finally, system inten tions and actions should be aligned with driversõ expecta-

tions and their own preferred actions. Failing to do so might result in new safety -related issues 

and in a low uptake in the market.  

Research prototypes: The growing interest in automated driving is also shown by the numerous 

research activities that have taken place in the last decade , both in Europe and the rest of the 

world , related to automated or semi -automated driving functions and cooperative systems. EU-

funded projects  are among some examples of the large number of activities. For instance , 

HAVEit indicated the routes for highly automated functions based on shared control, CityMobil2 

addressed new concepts for personal rapid transit using automated shuttle services, and SARTRE 

investigated the platooning of several vehicles. InteractIVe is another project that studied active 

intervention by means of integrated driver assistance functions, while DRIVE -C2X, SAFESPOT, 

CVIS, and COOPERS investigated cooperative technologies. 

These projects, together  with several other initiatives at the national level, have developed and 

successfully demonstrated prototypes and have gained interest from policy makers at the Euro-

pean level. It can also be noted that there is widespread attention being paid to  automated driv-

ing in the US, and relevant activities have been undertaken, starting with the DARPA challenges 

in 2004, and recently including an ambitious five -year national programme on vehicle automa-

tion. The Google initiative based on a concept of completely driverless operation s is another 

specific  example, with cars now tested across almost 5 million km.  

Research activities are providing a solid basis for further developments, covering several areas 

such as vehicle technologies, perception, communication, legal aspects, HMI, and including 

standardisation work and evaluation methods. However, in most cases the developed prototypes 

and the functions considered segregated or constrained traffic environments , or referred to spe-

cific manoeuvres. This implies that advancements are needed for operating in a broad range of 

conditions in ordinary traffic.  

European research on automated driving is even more focused than in the past with the current 

Horizon 2020 programme. The research community recognized that research work is needed in 

order to properly integrate automation in our vehicles and introduce them to the roads. The key 

topics under investigation refer especially to the system intelligence  (where issues remain for 

understanding the traffic situation in real time ), planning and executing manoeuvres in a sensi-

ble manner, recovering from critical situations, and interacting with other vehicles (either auto-

mated or not) as well as interacting with other road users  and the infrastructure.  
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2.3  AdaptIVe Vision  

Ageing populations, reducing CO2 emissions, and improving road safety are the main drivers for 

developing new driver assistance systems. After the introduction of these solutions to the mar-

ket in recent years, Adapt IVe took the next step toward develop ing automated driving applica-

tions for daily traffic while considering the needs of a new generations of drivers.  

AdaptIVeõs vision is the widespread application of automated driving to improve road safety 

and address inefficienc ies in traffic flow whilst mitigating the environmental impact of road 

traffic. Performance is enhanced because drivers are supported in demanding or repetitive 

tasks. Vehicles can dynamically adapt the level of automation according to the curren t situa-

tion, can react more effectively to external threats , and are resilient to different types of sys-

tem and human failure.  

Today automated driving is an established field of research and development , in which  industries 

are investing, and has reached the level of the first driving tests on public roads. The continuing 

evolution of this technology will expand its application across a large range of situations and 

driving conditions.  

In this context, the AdaptIVe project aim ed to contribute with breakthr ough advances leading to 

more effective and viable automated driving. Although good and continual  progress in the field 

is being reported, it is clear that the projectõs vision towards zero-accident and sustainable mo-

bility remains an ambitious target, req uiring considerable effort and the tackling of difficult 

challenges. Some of the basic aspects of the vision are summarized  here:  

ɻ AdaptIVe cars are capable of resolving authority issues between the driver and the vehicle. 

The automatic system understands the driver and vice versa, so that together they work in a 

symbiotic way.  

ɻ Automated vehicles can flexibly adapt their operation and the automation level to the cur-

rent situation. In particular, they can assure the basic functionalities, possibly at a reduc ed 

level, in case of failures in one subsystem. A Minimum Risk Manoeuvre can bring the vehicle 

to a safe stop.  

ɻ The high performances of the sensor system and decision-making allow reliable operation un-

der uncertain conditions. Robustness of the perception and on-board intelligence ensure a 

proper matching between the representations of the world used by the system and by the 

driver. This is especially important in complex environments or in adverse weather situations.  

ɻ Integration of data sources allows the capability of on -board sensors to be extended  by ex-

ploiting information from traffic -control centres and digital maps. This makes better naviga-

tion possible based on a predictive automated driving style. V2V communication protocols are 
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also able to enable dialog and negotiations during specific manoeuvres  such as a lane change 

or a filter -in.  

ɻ Trust in automated vehicles is improv ing, based upon their performance and especially on the 

good cooperation between the driver  and the system. This is not just an en gineering issue, it 

involves cultural, sociological ,  and interpersonal perspectives [Lee and See 2004]. A fault -tol-

erant and resilient architecture is a key element in this context .  

In line with the above long-term vision, the partners specified a number o f objectives for the 

project, which are synthetically presented in the next section.  

2.4  AdaptIVe Objectives  

AdaptIVeõs main objective was to develop and demonstrate new functionalities provided by 

partially -automated and highly -automated vehicles. These appli cations aim at improving 

safety, energy efficiency, dependability ,  and user-acceptance of automated driving.  

In order to meet this general objective, AdaptIVe õs focussed on the design, implementation, and 

evaluation of several integrated functions, suitable for different traffic environments and speed 

regimes. In particular, three traffic conditions were addressed: parking areas, highways with 

only motor vehicles, and urban  traffic with several road users. Therefore, a wide range of speed 

regimes was covered, from low values up to 130 km/h. Mixed traffic with non -automated vehi-

cles was addressed in all the cases. 

The project also deal t  with different automation levels (2,3 a nd 4) for system interventions: par-

tial automation, conditional automation , and high automation. The focus was on Level 3, with 

some applications, such as an automated manoeuvre to a safe stop, attaining Level 4. 

The developed functions were introduced on dedicated demonstrator vehicles, namely seven 

passenger cars and one truck, taken from production vehicles representing a wide range of uses 

and classes. Besides providing physical prototypes to prove all the aspects of the developed de-

sign, the purpose of the demonstrators was to allow a comprehensive evaluation of technical and 

user-related aspects as well as to disseminate the project ideas and results to the target audi-

ence, showing the system operation. An overview of the developed demon strators with  examples 

of the respective functions is shown in Figure 2.1. 
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Figure 2.1: Demonstrators and examples of the respective functions  

The development of the planned applications requires addressing a number of scientific and 

technological objectives, outlined in Figure 2.2. 
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Figure 2.2: Scheme of scientific and technological objectives  

The specific AdaptIVe project goals and the corresponding implementation approaches were de-
fined as follows:  

Extend the range of possible circumstances for the application of automated driving  

Consider very different driving situations: highway, urban traffic, close -distance manoeuvres. 

Address unstructured urban environment with complex dynamics, including pedestrians, other 

cars, and obstacles. 

Enhance the perception and communication capabilities  

Implement features regarding the sensor platform, communication to other vehicles or to infra-

structure. Improve safety in potentially dangerous situations via cooperative manoeuvres.  

Develop solutions for Human-Vehicle Integration  

New models for the functions of a co -driver. Guidelines from simulator experiments addressing 

specific research questions focused on driver -system interactions.  

Design and demonstrate resilient behaviour for the app lications  

Develop a fail -safe architecture and demonstrate an automatic handover to a safe situation.  

Improve the safety and adaptability of automated driving  

Implement logics for a dynamically adaptive level of control. Investigate solutions for the transi-

tions between automation levels.  
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Develop and apply specific evaluation methods  

Develop new methods for technical and user -related assessment, taking into account unprece-

dented situations generated by automated driving. Evolve new procedures for the a nalysis of 

safety and environmental impacts at the European level. 

Provide guidelines on legal aspects 

Analyse the legal framework for introducing  partially and highly automated systems on the mar-

ket. Establish requirements for safety validation and specif y qualifications for system availabil-

ity.  
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3 AdaptIVe Concept  

This chapter provides an overview of the areas covered by AdaptIVe in the development of auto-

mated driving and outlines the related project structure, consisting of various subprojects. It 

also presents the timeline for all the activities leading to the final results. This presentation can 

be seen as an introduction to the more detailed descriptions of the work done and results ob-

tained in the different subprojects, specifically : legal aspects, human-vehicle interactions, ap-

plication developments for the three traffic domains , and, finally , the evaluation methods.  

The AdaptIVe project ð which stands for Automated Driving Applications and Technologies for 

Intelligent Vehicles  ð buil t  on the partnersõ interests and consolidated experience in the field of 

Intelligent Transport Systems (ITS). Over the years, the organisations in the consortium partici-

pated in a number of national, European and company-funded projects developing advanced sys-

tems for driver support, applications based on cooperative mobility ,  and highly efficient vehicle 

controls.  

The consortium was composed of 28 partners (10 OEMs, 4 suppliers, 11 research institutes and 3 

SMEs), from 8 European countries, with coordinated goals as follows:  

ɻ The automotive industry  aim to provide advanced products to their customers, responding to 

the demands of enhanced safety and sustainable mobility. In the present phase , where it is 

uncertain how automated driving will evolve, manufacturers are interested in gaining experi-

ence in all the technical and methodological aspects for beneficial  exploitation. Both ordinary 

users for the cars, and professional drivers for the trucks , were considered in the project.  

ɻ The automotive suppliers  have similar interests, with a focus on obtaining benefit s from the 

progress of information and communication s technologies. Their main purpose is to offer per-

forming, low-cost solutions for underlying technologies, e.g. vision systems, novel sensors for 

obstacle detection, advanced navigation systems, vehicle controls, and vehicle -to-infrastruc-

ture integration.  

Research institutions  and universities are developing basic knowledge and new method ologies. 

Their participation allows them to consolidate their leading positions at the forefront of re-

search in this field, which is  characterized by a high  level of  intere st from the research commu-

nity, industry, and society in general.  
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3.1  Towards High Automation  

As outlined in chapter 2, automated driving offers the  opportunity to address several important 

social challenges posed by road transport in the areas of safety, energy efficiency , and social in-

clusion. High automation has the potential to offer mobility to all users, to increase comfort 

when traveling, and to promote new solutions for transport  that  could have a significant impact 

on overall mobility. These consid erations can be applied to both passenger and freight transport.  

In this frame work, AdaptIVe focused on the development path to automated driving as defined 

by the automotive industry, with a specific focus on users and vehicle technologies, but also 

keeping an eye on related aspects such as infrastructure and service offer ings. 

Automotive manufacturers are forging the path  forward  to high automation based on previous 

and successful experience regarding driver assistance systems, where automation at Levels 1 and 

2 has been realised (according to the classification shown in Section 2.1 ). The rationale is to 

move from these intermediate levels to automation at higher levels. But this progress is com-

bined with a fundamental choice, i.e. to consider ordinary tra ffic conditions and standard roads 

with mixed traffic. This approach is different than other on -going developments with respect to  

driverless vehicles (such as a robot taxi ,  which could even eliminate the driving controls): these 

systems are based on more or less segregated environments, with an ambition of course for grad-

ually moving towards less constrained situations.  

Reaching the automation Level 3 and beyond, where a driver can be out  of the loop at least for 

some time, poses challenging questions. An overview of these challenges is outlined  here, to-

gether with a short description of the areas where AdaptIVe is contributing.  

Environmental detection and reconstruction : High precision and perception reliability are 

needed to enable automatic driving funct ions. A related concern is the difficulty to foresee all 

the situations that  a vehicle could encounter. AdaptIVe integrate d different sensor types and 

used data-fusion approaches, including other sources of information besides the on -board sen-

sors, to impr ove overall perception. Redundancy was used in some applications to improve over-

all performance and reliability. In the project, new approaches were also studied, including sim-

ultaneous localisation and mapping (SLAM) and the enhancement of digital maps. A dvanced com-

munication methods were developed for cooperative manoeuvres on highways involving vehicle -

to-vehicle data exchange. The cost reduction for the sensor system remains an open issue, but in 

the project ,  efforts were made to use less sophisticated devices while improving data processing 

techniques.  

Legal and regulatory aspects:  Legal issues are currently considered as one of the main obstacles 

to the deployment of highly automated driving. Different stakeholders are engaged with  this 
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topic, such as authorities, manufacturers, technology suppliers, drivers and road users, insur-

ance companies, etc. A common position must be achieved on aspects including responsibility 

and liability of all involved persons and organisations. One key point here is reachi ng a harmo-

nised regulatory policy at the EU level to avoid a fragmented approach. Very recently, the legal 

framework for testing automated vehicles was addressed by the authorities, and first steps to 

allow such experiments have been accomplished. Over the longer term, it will be  necessary to 

fully adapt legislation at the European level (without forgetting other initiatives in the world ) to 

allow the commercialisation and use of automated vehicles. AdaptIVe was deeply involved in an-

alysing legal issues. The project investigate d existing approaches for safety validation and the 

technical system limitations in order to provide guidelines for a Code of Practice on automated 

driving. An analysis was conducted on several legal topics such as civil liability, regulatory law, 

data protection and the rules of approval. This work aim ed to identify legal obstacles to imple-

mentation, with a view to possible future trends.  

User acceptance and trust: The acceptance of automated driving at a social level should be im-

proved to overcome several concerns users have. Affordability is an important customer expec-

tation. Other issues regard privacy and security, especially in the case of connected vehicles. 

AdaptIVe contribute d to the study of many aspects in  this area. Large efforts were dedicated to 

the Human-Vehicle Integration , both theoretical ly and experimental ly, thus providing design 

guidelines and solutions which are usable and well accepted. New approaches were studied for 

human-like driving that  mir rors human behaviour in sensing and acting. The specific concerns of 

professional drivers travelling for long distances were investigated for the truck applications. Ar-

guments on data privacy were also studied in the frame work of legal aspects. The issues related 

to trust were not specifically addressed, but the  projectõs dissemination activities were intended 

to show the benefits of the developed applications , not only to researchers , but also to the pub-

lic.  

Validation and testing methods : Right now it is  unclear what the suitable validation procedures 

for automated vehicles  are, as well as the key performance indicators. There are also concerns 

regarding possible misuse during driving. A first AdaptIVe contribution in this area was a func-

tional safety anal ysis. A second area concerns the definition of a comprehensive evaluation 

methodology, which was validated for several representative cases using the developed demon-

strator vehicles. This work was covered by the technical assessment, the user -related assess-

ment, and a specific in -traffic evaluation addressing the effect of surrounding traffic on the au-

tomated vehicle and vice versa. In addition, the existing procedures for type approval were con-

sidered in order to identify additional needs related to automa ted driving.  
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3.2  Project Structure and Work Areas 

AdaptIVe was a complex project involving a high number of partners and closely interrelated ac-

tivities. In order to properly manage the cooperative work, it was structured into seven subpro-

jects reflecting the different tasks to be carried out (see Figure 3.1).  

Three subprojects (SP4-Automation in close distance scenarios, SP5-Automation in urban scenar-

ios, SP6-Automation in highway scenarios) were devoted to application -oriented work, aiming at 

designing, developing, and validating the intended functions in the three traffic domains.  

These subprojects (so-called òverticalsó) were supported by cross-functional activities (òhorizon-

tal só) investigating technical and methodological aspects common to all the applications. The 

three subprojects of this type were: SP2 -Response-4 (on legal aspects), SP3-Human-Vehicle Inte-

gration, and SP7-Evaluation. The strong liaisons between the subprojects implemented during 

the work are reflected, at least in part, by  the interactions shown in Figure 3.1. An additional 

subproject, SP1-IP Management, was included for handling project coordination, links to exter-

nal activities, disse mination, and general administration.  

 

Figure 3.1: Interaction of AdaptIVe subprojects  
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3.3  AdaptIVeõs Methodological Approach  

The development path throughout the project followed a consolidated approach (see Figure 

3.3). Three major phases were addressed, described in the following : 

Analysis: The project started with an analysis phase. Having identified a -priori the traff ic sce-

narios, the first key point was the definition of detailed use cases as a means to clarify how driv-

ers interact with the applications. U se cases are typically connected to a driving manoeuvre such 

as for instance parking, lane change, or merging onto a highway. Activation and de -activation 

were also considered. Each use case was developed by describing a sequence of interventions by 

the user and the technical system to achieve a specific goal, thus constituting  a basis for pre-

cisely describing the app lications and for specifying their functional requirements. The next part 

of the analysis involved the finalisation of requirements and the definition of detailed sets of 

specifications. This work was done with parallel and linked activities in all the app lication sub-

projects , with support from the cross -functional subprojects. The specifications were iteratively 

defined with two major releases. In parallel, the production of a legal glossary allowed con-

straints related to some non -functional requirements  to be taken into account. In order to have 

a major concept for the design, a generic high -level architecture was defined for the project 

(Figure 3.3). This approach was common to all the applications, but specific aspects and de-

tailed architectures were finalised for each particular vehicle taking into account its objectives 

and characteristics.  

 

Figure 3.2: Project time line 

Development:  The projectõs second phase addressed application development. This led to the 

realisation of the demonstrator vehicles (Figure 2.1) ,  equipped with sensors and other specific 

components, processing units, and HMI. The controlled actuators were general ly used from the 

series production models. The availability of these demonstrators was a major milestone, allow-

ing the start of a  first testing phase , aiming to improve the system intelligence, and then a final 

evaluation according to a pre -defined testing programme. The set of applications eventually 

chosen for the demonstrators is shown in Table 3.1. 
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The development work was characterised by close collaborations among all the teams. Several 

common approaches could be applied to all the demonstrators, based on the high -level architec-

ture and the general perception scheme chosen. In particular, common control concepts were 

developed regarding Stop-&-Go Driving, Lane Change, and Minimum Risk Manoeuvres. Human 

Factors recommendations provided by the expert partners were taken into account in several in-

stances. 

Fundamental work in the development phase  concerning Human Factors was completed in paral-

lel . After defining a number of research questions pointing to open issues, empirical studies 

were performed, mostly based on driving simulators. Th e topics under examination included: 

driver in & out of the loop, driver state, secondary tasks and transitions between automation 

levels, shared control, and HMI. This work led to the production of a structured catalogue of rec-

ommendations for the user-centred design of automated vehicles , which is now available for  fu-

ture studies. These conclusions were also applied to improve the solutions and HMI approaches 

in the demonstrator vehicles.  

 

Figure 3.3: Logical diagram of the high level common architecture   
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Table 3.1: AdaptIVe functions and allocated demonstrator vehicles  

Subproj. Function Name Demonstrator 

SP4 

Remote Parking Aid FORD 

Daimler 

IKA (Test Vehicle) 

Automated Parking Garage Pilot 

Automated Valet Park  Assistant 

   

SP5 

City Cruise 

CRF 

VCC 

BMW 

City Chauffeur   

Supervised City Control 

Safe stop 
   

SP6 

Enter and exit highway  

VW 

BMW 

CONTIT 

VTEC 

 

Following lane and lead vehicle, stop -&-go driving 
lane change, and overtaking 

Cooperative filter ð in manoeuvre based on V2V 
communication  

Speed and time-gap adaptation at highway entrance 
ramp 

Minimum risk manoeuvre 

Evaluation:  The third and final phase of the project addressed the evaluation of the developed 

applications. Here the work started by surveying the existing evaluation methods for driver assis-

tance systems. The study showed that these methods do not cover the require ments of auto-

mated driving, and therefore new approaches and test methods were needed. This is why Adap-

tIVe conceived a complete framework  for  dealing with evaluation methodologies. Aiming to cre-

ate a comprehensive work, the partners considered three areas: technical assessment, user-re-

lated assessment, and in-traffic behaviour. Moreover, efforts were dedicated to an impact analy-

sis, with a focus on safety and traffic efficiency. In the final phase of the project, these methods 

were applied and validat ed by testing selected demonstration vehicles, with several sessions of 

data acquisition and data analysis. In contrast , the study regarding the impacts of automated 

driving was conducted by using specific simulation tools at the macro level.  

After the thr ee phases of work, the partners are in a position to improve their leadership in the 

area of automated driving and to identify future steps for exploitation. This topic is discussed in 

Chapter 11. 

In order to present the achievements of the project to all the stakeholders, including the gen-

eral public, an AdaptIVe Final Event has been organised on June 28ð29, 2017. This event allows 
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participants to experience AdaptIVe õs technical innovations in a tangible form, and includes 

demonstrations of all the vehicle s on the roads, a dedicated conference , and an exhibition show-

casing key scientific and technical results.  

3.4  System Overview  and Architecture  

Some additional topics, mostly related to the work on legal aspects, are outlined in this section 

since they clarify  aspects of the project work. They are: system classification, evaluation of sen-

sor limits , and safety validation .  

System classification : The classification of automation levels was not well developed at the be-

ginning of the project. NHTSA, SAE, and VDA were proposing their own definitions based on pre-

vious work done in Germany by BASt. After careful consideration, the SAE definitions ð which 

were finalised meanwhile - were adopted by AdaptIVe and used ð with some extensions when 

needed ð in the context of the complete work [Bartels 2015].  

The logic behind this approach was the appropriateness of perform ing an analysis on a whole set 

of characteristics for an automated function. The level of automation is only one parameter rel-

evant for classification. Other  features must also be taken into account such as vehicle speed, 

duration of the manoeuver (short, long), road type (parking place, urban or rural road, and high-

way), driver location (in the vehicle, outside of the vehicle) , and others. The challenge was t o 

collect and consider all relevant parameters without blowing up the number of classes to a vast 

size. The results were harmonized within the consortium, recognizing the needs of different 

manufacturers and suppliers, and led to a unified understanding. A  decision tree was developed 

in the project to categorize automated driving functions using the SAE nomenclature as a basis. 

A further benefit was a basic glossary in the field of highly and fully automated driving, which 

was published as a project deliver able [Bartels 2015].  

As a reference, the automation levels for the project demonstrators are presented in Table 3.2. 

Table 3.2: Automation levels in AdaptIVe  

Automation 
level  

Functions  

1 City Cruise  

2 Remote parking aid 

2 Supervised City Control  

2 Automated valet parking assistant  

2 Enter and exit highway 

3 City Chauffeur   

3 Following lane and lead vehicle, stop -&-go driving, lane change and overtaking 

3 Automated Parking Garage Pilot  
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Automation 
level  

Functions  

3 Cooperative filter -in manoeuvre based on V2V communication 

3 Speed and time-gap adaptation at highway entrance ramp  

4 Minimum risk manoeuvre 

4 Safe stop 

Evaluation of sensor limits:  Sensing systems play the key enabler role, as creating an accurate 

perception of the surrounding environment is an important parameter for such systems. Hence, 

the first step  was to review  the capabilities of all sensing systems and information sources. 

Thereafter, an exemplary sensor setup was used to derive complete system capabilities and find 

the white spots in typical sensor setups.  
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To overcome the disparities between the technical sen sor limitations and real -world driving, the 

system limits were analysed based on typical driving scenarios. The following road types, de-

fined in the AdaptIVe public deliverable D2.1 in òDefinition of different road classesó, are con-

sidered: 

ɻ Highway; 

ɻ Interc hange; 

ɻ On/Off -ramp; 

ɻ Construction site.  

The main limiting factor for automated driving is sensing the environment. In contrast to the 

past, when this conclusion was fully valid, many new information sources and corresponding 

computing power are available.  

At the moment, driver assistance systems are directly implemented in the sensor or actuator 

hardware. But additional computing power is needed for automated driving ð more objects must 

be detected. Additionally, no sensor type works well for all tasks and in all conditions, so sensor 

fusion was necessary to provide redundancy for automated functions and , naturally,  a full  under-

standing of the vehicleõs surroundings. 

As automated vehicles are still in research and development, no resilient state -of-the-art e xists. 

Much work is still to be done, but the science and engineering of sensors and mature algorithms 

are rapidly developing to be able to predict random behaviour of drivers and vehicles , to react 

quickly to avoid damage to vehicles , and, most importantl y, to increase the safety for  human 

li ves. 

Safety validation:  A basic technical prerequisite for the introduction of automated driving is sys-

tem reliability and safety. The manufacturer must guarantee that the vehicle will work in a safe 

state under all ci rcumstances. Thus a fail-safe/fault tolerant architecture is a key requirement. 

Since procedures for safety validation are not available in this new field, the AdaptIVe partners 

investigated the state -of-the-art regarding safety validation within different  sectors and disci-

plines. A comprehensive survey was assembled, not only for the automotive sector but also for 

other transportation industries, such as railways and aviation. This allowed the evaluat ion of  

how to transfer existing methodological approache s to emerging automated driving technologies. 

Experience from other industries suggested that industry -wide databases help to improve simula-

tion and test methodologies. The knowledge of well -known critical and hazardous situations can 

lead to faster and be tter safeguarding in an early development stage, generating a safe and 

time -efficient development process. Furthermore, even large -scale test driv es (on-going discus-

sions indicate large mileages up to millions  of kilometres ) are not efficient, particularly  when 
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considering economic aspects, manpower, energy, and time demands. An integrated approach 

leading to a robust and reliable application could be based on the standard V -model used in en-

gineering: developers should consider safety concepts, system archi tecture , and design on the 

one hand, and verification and validation  on the other . As there is currently only very little  ex-

perience for series production in automated driving, we still need to figure out which safety 

measures and metrics can support the complete validation process. The project partners have 

put together the basis for the future definition of a Code of Practice as a means for systemati-

cally leading to a reliable product.  
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4 The Legal Perspective  

4.1  Introduction to Legal Aspects 

The development of  automated vehicles is, above all, a technological challenge. Nevertheless, 

every debate on new computer assistance systems inevitably leads to unsolved or ambiguous le-

gal issues. In order for automated driving to reach the next stage in its evolution, the  automo-

tive industry will need a clear legal framework. This is also central to public acceptance of the 

technology.  

Naturally, motor vehicles also cross national borders. This could mean that the legal require-

ments placed on drivers, as well as the liabil ity regimes in case of accidents, literally change 

òfrom one meter to the next ó.  

It is also unclear how the enormous amount of data  collected during automated driving opera-

tions should be dealt with. Automated vehicles have already warningly been character ized as 

òdata octopió. Questions of data protection and data security must therefore be taken seriously. 

Response 4 addresses these questions and examines whether legal norms now in force will also 

apply to the new technologies.  

The law must move in parall el with increasing vehicle automation and adapt, if necessary, in or-

der not to become an òobstacleó to a technological development  that  could ultimately benefit 

countless people. 

Specifically, automated driving is the independent, purpose -oriented driving of a vehicle in real 

traffic using on -board sensors, downstream software, and map data stored in the vehicle for 

recognition of the vehicle environment. While driver assistance systems only take over aspects 

of driving tasks, in the case of automated drivi ng systems the assistance provided goes a decisive 

step further. In certain situations ð and initially for limited periods of time ð they completely 

take over the task of driving. During these periods , both the lateral guidance (positional change 

of the ve hicle on the road) and the longitudinal guidance (speed regulation) of the vehicle are 

taken over by the system. In order to characterize levels of automation as much as possible, sev-

eral delimitation criteria (delineation criteria) and step models were developed [Bartels 2015]. 

In general, higher degrees of automation mean less stress on drivers.  

The main legal issues are discussed and analysed below. Road traffic laws are considered, fol-

lowed by an analysis of liability and then data protection law for au tomated driving.  

In the area of regulatory law, it is necessary to examine whether a transfer of driving tasks to 

computer systems can be reconciled with the requirements of applicable road traffic law s, laws 

that  were written with human drivers in mind. T his broaches the most fundamental question of 

all, namely whether automated systems can and should be used at all. Our starting point is the 
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Vienna Convention on Road Traffic (1968), which is intended to make road traffic safer through 

the harmonization of  contracting p artiesõ road traffic rules. The most recent amendments to the 

convention, as well as proposed amendments, show that states all around the world have al-

ready recognized the positive potentials of automated driving. In addition, the requirement s of 

technical approval law must be discussed. The United Nations Economic Commission for Europe 

(UNECE) regulations, which contain a catalogue of mandatory specifications for technological 

functions, are the authoritative rules here.  

In addition, the ques tion of who is liable in the event of accidents is particularly relevant. Re-

sponse 4 addresses those degrees of automation (Levels 3 and 4) in which the driver no longer  

influences the immediate driving behaviour of the vehicle, either through their  own decisions, 

spatially or temporally. In order to conduct specific, individual -case assessments of liability, 

event sequences have been developed which describe the greatest possible number of potential 

accident scenarios. The analysis focuses on users, vehicle owners, and manufacturers.  

During the operation of automated vehicles, a nearly inestimable quantity of data is generated; 

data on the vehicles, on their surroundings, on all traffic situations , and on their drivers. Legal 

issues related to this data col lection also need to be examined. In this context, it is necessary 

that the various different reasons for data collection and further processing  both be differenti-

ated, and that the specific legal requirements for each respective purpose -related data colle c-

tion be determined. This is the only way to ensure transparent and legally compliant handling of 

data. In addition to finding out whether specific ògoalsó of data collection are permissible in the 

context of data protection law, the legal requirements for  the safe handling of data collected, 

i.e. data security, also had to be researched.  

In addition to challenges in international law, EU law , and domestic law, various legal traditions 

also need to be compared. Thus, the legal situation in the countries whe re the various project 

partners are located were included in the evaluation. In addition, the American approach also 

needs to be considered. This will make broad and in -depth discussion possible, from which the 

entire project can benefit. Response 4 examin es initial proposed solutions and will make its own 

contributions to the development of automated vehicles that  are legally compliant and low  risk.  

4.2  Liability Issues 

With the increase in the level of automation , the number of available automated manoeuvres 

will continually  grow. For Level 3 systems and above (Level 3+), it is expected that the driver 

will  turn their  attention away from the driving task and does not need to monitor each and every 

manoeuvre the automated systems executes. AdaptIVeõs main topics were the development of 

automated driving functions and identification of possible hindrances to market intro duction. 

Consequently, an overview of product liability issues was made necessary. In the absence of any 
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court decisions for automated vehicles or systems of Level 3 or above, a set of possible scenarios 

was deployed. The legal assessment was made under the assumption that the relevant law al-

ready allows the use of a Level 3 and Level 4 system. Furthermore, current legislation was taken 

into account as was existing experience with current laws and case law. 

All countries assessed in this study have implemented the Product Liability Directive 85/374/EEC 

into national law. The purpose of the directive was an approximation of the laws of the member 

states concerning the liability of the producer for damage caused by the defectiveness of its 

products. In most of  the relevant European countries , a manufacturerõs total liability for damage 

resulting from death or personal injury is unlimited. Only in Germany  is there  a limitation to an 

amount of EUR 85 million. Besides that, German traffic law provides strict liabi lity for the regis-

tered owner of the vehicle, which seems to be unique in the relevant European countries. There 

is a limitation of liability for damages, resulting from death or personal injury, too. The maxi-

mum amount for compensation will be EUR 5  milli on in case of death or bodily injury and EUR 1  

million in case of property damage. All countries considered stipulate a deductible of injured 

parties for damages to property and a limit ed period for claims under product liability law. Only 

the designated amount and the statuary onset of the time of limitation differ  slightly.  

If an accident occurs while using an automated driving system, the crucial issue may be the 

question of liability. Either the driver or the system , and thus the manufacturer , could be re-

sponsible. Under product liability law , the injured person has to prove the damage, the defect , 

and the causal relationship between defect and damage. If the driver is allowed to turn their  at-

tention to activities other than driving, the responsibility c ould (and the further statements are 

theoretical) exclusively lie with òthe vehicleó. In this case, the driver cannot be held liable. The 

consequence could be a shift in liability from driver to manufacturer. The manufacturer would 

then have to exonerate itself  and prove that the driving system did not cause the accident. Con-

sequently, manufacturers could be involved (and ultimately be liable) in many more cases than 

today. It can be noted that the United States of America has no uniform legal framework cov er-

ing all aspects of automated driving. Some states already allow fully automated driving, at least 

for testing purposes, while others donõt. Therefore, a òstate-by-stateó legal assessment concern-

ing liability must be made. 

Another aspect that  might indire ctly affect product liability is the impact of automated driving 

on insurance law. For reasons such as liability, data collection, misuse or manipulation of data , 

and cyber attacks , insurance coverage seems to be necessary, particularly  for the manufacture r, 

the driver, the registered owner,  and the software providers. It is unclear whether autonomous 

driving will result in higher costs for insurer s. Identification of the responsible party in particular 

could push up the costs for litigation. An alternative could be a change in the right of recourse. 

Perhaps the insurer could plan to take recourse from the manufacturer in general if an autono-
























































































































































































