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1 Introduction 

Automation in passenger cars is constantly increasing. Many automated functions have been developed 
for enhancing safety and efficiency of driving in the past. In order to continue this trend current roadmaps 
of OEMs and suppliers predict automated vehicles on highways by 2020. Fully and highly automated 
driving comprising also rural roads and inner-city situations will follow within the next decades. 
Nevertheless, humans will remain part of the system for a long time due to several reasons. First of all, at 
least in the next 10 years automation cannot cope with highly complex traffic situations, e.g. dense urban 
traffic.  
In this context, the top-level objective of AUTOMATE is to develop, evaluate and demonstrate the 
ά¢ŜŀƳaŀǘŜ /ŀǊέ concept as a major enabler of highly automated vehicles. This concept consists of viewing 
driver and automation as members of one team that understand and support each other in pursuing 
cooperatively the goal of driving safely, efficiently and comfortably from A to B. 
The results issued from Automate project will provide results and solutions: 

¶ For flexible, gradual and smooth distribution of tasks between driver and automation to better 
handle critical driving situations.  

¶ To monitor, understand, assess and anticipate the driver, the vehicle and the traffic situation.  

¶ To allow the TeamMate Car to plan and execute driving maneuvers in a human expert-like way.  

¶ To assess and guarantee safety of all manual and automatically generated maneuvers at any time.  

¶ To optimize human-machine interaction.  
 
These solutions will lead to many individual and collective results that should be further exploited by the 
partners to improve existing products or develop new products. 
This deliverable is final version of project exploitation plan. It will address the following topics 

¶ The Main project results and innovation potentials (see section 2). This section provides the final 
list and description of the partners results achieved during the project. 

¶ The Market observation (see section 3), this section gives an overview of the AUTOMATE 
potential market considering automation road map, technological road maps, new comers, 
policies and Market share. 

¶ The identification of potential customers (see section 4), presents the potential final customers, 
the vision of industrial partners (EOMS, Tier1, Tier2) but also from the VEDECOM innovation 
ecosystem 

¶ The IPR management (see section 5) Presents a summary of project IP rules and an overview of 
the IP status 

¶ The exploitation strategy (see section 6), introduces the global consortium exploitation strategy 
and individual exploitation strategy 

¶ The business Plan (see section 7) gives a final overview about the Automate project business 
plan following the CANVAS methodology 
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2 Main project results and innovation potentials  

According to the AUTOMATE description provided into the DOW, AUTOMATE is structured around six 
enablers, each of these enablers providing opportunities for innovations which are then focusing on:  

¶ Driver & Situation Monitoring, Understanding, Assessment & Anticipation defining assessment as 
probabilistic recognition of the current state, and anticipation as prediction of the possible future 
states of driver, vehicle and situation (enablers 1,2,3) 

¶ Adaptive & Safe Driving Strategies, considering the developments of algorithms for maneuver 
planning, execution & learning (Enabler 4) and the online risk assessment (Enabler 5). 

¶ The development of techniques for driver-automation interaction and cooperation to ensure that 
the automatƛƻƴ ƛǎ ǇŜǊŎŜƛǾŜŘ ŀǎ ǘƘŜ ŘǊƛǾŜǊΩǎ ǘǊŀƴǎǇŀǊŜƴǘ ŀƴŘ ŎƻƳǇǊŜƘŜƴǎƛōƭŜ ŎƻƻǇŜǊŀǘƛǾŜ 
teammate (Enabler 6).  

Table 1  provides an overview  of those results and innovation potentials while their detailed description 
is written in the next sections. 
 

No. Self-descriptive title of the result Category 
A, B or C* 

Partner(s) owning the result(s) 
(referring in particular to specific 

patents, copyrights, etc.) & involved in 
their further use 

E1-1 Driver state monitoring  including drowsiness 
and  visual attention 

A Continental Automotive 
CRF for applicative use 

E1.2 V2X communication including V2X-based bird-
eye view (Virtual HMI) and ITS infrastructure 
configuration 

A BIT 

E2.1 Driver intention recognition A OFF 

E2.3 Semantic Situation Enrichment (SSE) A DLR 

E2.4 Drive Task Modelling (DriveGOMS) A DLR 

E3.1 Situation and vehicle model A OFF - DLR 
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E3.2 Road Boundary based Safety Corridor (RBSC) A DLR 

E4.1 Planning and execution of safe maneuver  A ULM - VED 

E4.2 Learning of intention from the driver A OFF - HMT 

E5.1 Online risk assessment A OFF 
HMT 

E6.1 Interaction modality A ULM 

E6.2 TeamMate Multimodal HMI 
(Combines previous E6.2, E6.3, E6.4 and E6.5) 

A REL 

E6.6 Augmented Reality A HMT 

E6.7 HUD A REL 

Other  {ƛƳǳƭŀǘƻǊΩǎ Ŧunctionalities improvement  ULM 

Other  {ƛƳǳƭŀǘƻǊΩǎ ŦǳƴŎǘƛƻƴŀƭƛǘƛŜǎ ƛƳǇǊƻǾŜƳŜƴǘ A REL 

    

Table 1: Project result overview 

* A: results usable outside the consortium / B: results usable within the consortium / C: non usable results  
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2.1 Description of the result ά5ǊƛǾŜǊ ǎǘŀǘŜ monitoringέ 

This chapter provides an overview of the results which gives the reader an immediate impression of their 
nature, their relevance and potential benefits. Moreover, it briefly describes the current 
status/applications of the results. 
 
 

No. Self-descriptive title of the result 

E1.1 Driver state monitoring including drowsiness, visual intention and cognitive distraction 

 
 

WP 2 

 
CONTACT PERSON FOR THIS RESULT 
 

Name Giralt Alain 

Position Senior Technical Expert 

Organisation Continental Automotive France SAS 

Address 1 avenue Paul Ourliac 

Telephone +33 5 6119 8237 

Fax  

E-mail alain.giralt@continental-corporation.com  

URL  

Specific Result 
URL 

 

 
SUMMARY  

¢ƘŜ ŘǊƛǾŜǊΩǎ ǎǘŀǘŜ system developed by Continental is a vision based system which processes the video flow of 
ǘƘŜ ŘǊƛǾŜǊΩǎ ŦŀŎŜ ǇǊƻǾƛŘŜŘ ōȅ ƻƴŜ ŎŀƳŜǊŀΦ CǊƻƳ ǘƘŜ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎ ǘƘŜ ǎȅǎǘŜƳ ŘŜǘŜŎǘǎ ŀƴŘ ǘǊŀŎƪ ŦŀŎƛŀƭ ŦŜŀǘǳǊŜǎ 
(eyelid, eye corners, mouth, etc.). The dynamics of these features are then analysed to determine online  the 
ŦƻƭƭƻǿƛƴƎ ŘǊƛǾŜǊΩǎ ǎǘŀǘŜ ƳƻŘŜƭǎΥ 
 

1. Drowsiness 
2. Visual Inattention/Distraction 

 
 
CURRENT STAGE OF DEVELOPMENT 
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Scientific and/or Technical knowledge (Basic research) x 

Guidelines, methodologies, technical drawings x 

Software code x 

Database, Data Source  

Experimental development stage (laboratory prototype)  

Prototype/demonstrator available for testing x 

Results of demonstration trials available x 

Other (please specify.):  

 
 
 
DOCUMENTATION AND INFORMATION ON THE RESULT 

 

Documentation type Details (Title, ref. number, general description, 
language) 

Status: PU=Public 
CO=Confidential 

Preliminary description Deliverable 2.2 CO 

Detailed description Deliverable 2.6 PU 

   

 
 

2.2 Description ƻŦ ǘƘŜ ǊŜǎǳƭǘ άV2X communication including V2X-based bird-eye view (Virtual 
IaLύ ŀƴŘ L¢{ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŎƻƴŦƛƎǳǊŀǘƛƻƴέ 

 

No. Self-descriptive title of the result 

E1.2 V2X communication including V2X-based bird-eye view (Virtual HMI) and ITS infrastructure 
configuration 

 
 

WP 2 

 
CONTACT PERSON FOR THIS RESULT 
 

Name Adam Knapp 

Position Software engineer 

Organisation BroadBit Hungary 
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Address Ürömi utca 40, Budapest, 1023 

Telephone +36 20 225 3054 

Fax  

E-mail adam.knapp@broadbit.net 

URL  

Specific Result 
URL 

 

 
SUMMARY  

The application developed by BroadBit is based on V2X communication and the information sharing mechanism 
of that. Information from both the vehicles and infrastructure elements are received, processed and presented 
directly to the driver through an HMI as a 3D, bird-eye view. The bird-eye view presents some relevant 
information about the ego vehicle (speed, heading, acceleration, geo-coordinates etc.), the environment of the 
ego vehicle and the relative distances of other communicating traffic participants. Important notification or 
warning messages are also shown (e.g. road works ahead), if any is received. 
¢ƘŜ IaL ŀǇǇƭƛŎŀǘƛƻƴ ǿƛƭƭ ƴƻǘ ōŜ ŘƛǊŜŎǘƭȅ ǇŀǊǘ ƻŦ ǘƘŜ ǾŜƘƛŎƭŜΩǎ ƛƴŦƻǊƳŀǘƛƻƴ ǎȅǎǘŜƳΣ ƛǘ ǿƛƭƭ Ǌǳƴ ƻƴ ŀ ƳƻōƛƭŜ ŘŜǾƛŎŜ 
(e.g. tablet) and will be connected remotely to the V2X communication component on a wireless interface  
(e.g. Wi-Fi) through a gateway application. 
The application is in prototype phase, basic functions are available for testing. 

 
CURRENT STAGE OF DEVELOPMENT 

Please tick one category only  4 

Scientific and/or Technical knowledge (Basic research)  

Guidelines, methodologies, technical drawings  

Software code  

Database, Data Source  

Experimental development stage (laboratory prototype)  

Prototype/demonstrator available for testing X 

Results of demonstration trials available  

Other (please specify.):  

 
 
DOCUMENTATION AND INFORMATION ON THE RESULT 

.  

Documentation type Details (Title, ref. number, general description, 
language) 

Status: PU=Public 
CO=Confidential 

Preliminary description Deliverable 2.2, Deliverable 2.3, Deliverable 2.4 PU 

Detailed description Deliverable 2.6 PU 
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2.3 Description ƻŦ ǘƘŜ ǊŜǎǳƭǘ άDriver intentions recognitionέ  

No. Self-descriptive title of the result 

E2.1 "Driver intention recognition 

 
 

WP 2 

 
CONTACT PERSON FOR THIS RESULT 
 

Name Andreas Lüdtke 

Position Senior Principle Scientist & Group Manager, HCD , OFFIS 

Organisation OFFIS e.V. 

Address Escherweg 2 

Telephone  

Fax  

E-mail Andreas.Luedtke@offis.de 

URL  

Specific Result 
URL 

 

 
SUMMARY 

This module provides the TeamMate vehicle with information about the probable overtaking resp. lane change 
intentions of a human driver in the current traffic situation. If the driver is in control, the module can be used 
to adapt the TeamMate HMI with context-dependent information, and trigger warnings resp. interventions. If 
the TeamMate vehicle is in control, the module can be used to enable the TeamMate vehicle to comply with 
the usual behavior of the driver and communicate when such compliance cannot be achieved.  
 
The module is realized as a Dynamic Bayesian Network that models the statistical relations between potential 
maneuver intentions and the traffic situation. During runtime, the module performs probabilistic inference to 
calculate the probability distributions over different maneuver intentions given observed information about 
ǘƘŜ ŎǳǊǊŜƴǘ ǘǊŀŦŦƛŎ ǎƛǘǳŀǘƛƻƴ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ ¢ŜŀƳaŀǘŜ ǾŜƘƛŎƭŜΩǎ ǎŜƴǎƻǊ ǇƭŀǘŦƻǊƳΦ ¢ƘŜ ƳƻŘǳƭŜ ƛǎ ƛƳǇƭŜƳŜƴǘŜŘ 
as a C++ dynamic linked library, currently interfaceable with the OFF and ULM driving simulator in rural road 
scenarios (the Peter scenario), to be migrated to other driving simulators and scenarios. 
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CURRENT STAGE OF DEVELOPMENT 

Please tick one category only  4 

Scientific and/or Technical knowledge (Basic research)  

Guidelines, methodologies, technical drawings  

Software code  

Database, Data Source  

Experimental development stage (laboratory prototype) X 

Prototype/demonstrator available for testing  

Results of demonstration trials available  

Other (please specify.):  

 
 
DOCUMENTATION AND INFORMATION ON THE RESULT 

 

Documentation type Details (Title, ref. number, general description, 
language) 

Status: PU=Public 
CO=Confidential 

Preliminary description Deliverable 2.2, Deliverable 2.3, Deliverable 2.4 PU 

Description of Validation study Deliverable 2.6 PU 

 
 

2.4 Description of the result άSemantic {ƛǘǳŀǘƛƻƴ 9ƴǊƛŎƘƳŜƴǘέ 

 

No. Self-descriptive title of the result 

E2.3 Semantic Situation Enrichment (SSE) 

 
 

WP 2 

 
CONTACT PERSON FOR THIS RESULT 
 

Name Gurucharan Srinivas 

Position Senior Technical Expert 

Organisation DLR 

Address Lilienthalplatz 7, 38106 Braunschweig, Germany 

Telephone +49 531 295 3164 
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Fax  

E-mail gurucharan.srinivas@dlr.de 

URL  

Specific Result 
URL 

 

 
SUMMARY  

The semantic situation enrichment module extends scene objects provided by the perception layer with 
semantic information. This semantic information describes interaction between scene objects. Furthermore 
vehicles allowed manoeuvers are inferred. In this project we use ontology with logical rules and a reasoner to 
address this task. The ontology contains the taxonomy and relation of relevant scenes objects as pedestrian, 
road, vehicle, traffic light and signal. The logical rules describe basic traffic rules in urban scenes. We implement 
the JNIOWLBridge module to access the ontology and the reasoner in a C++ function, since the available OWL 
API and reasoner are only java implementation. The JNIOWLBridge therefore build a bridge between the 
available java OWL API and reasoner and our C++ module. 

 
CURRENT STAGE OF DEVELOPMENT 
4 

Scientific and/or Technical knowledge (Basic research)  

Guidelines, methodologies, technical drawings  

Software code  

Database, Data Source  

Experimental development stage (laboratory prototype) x 

Prototype/demonstrator available for testing  

Results of demonstration trials available  

Other (please specify.):  

 
 
 
DOCUMENTATION AND INFORMATION ON THE RESULT 

 

Documentation type Details (Title, ref. number, general description, 
language) 

Status: PU=Public 
CO=Confidential 

Preliminary description Deliverable 2.4 PU 

   

 

 

2.5 Description of the result ά5ǊƛǾŜ ¢ŀǎƪ aƻŘŜƭƭƛƴƎέ 
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No. Self-descriptive title of the result 

E2.4 Drive Task Modelling (DriveGOMS) 

 
 

WP 2 

 
CONTACT PERSON FOR THIS RESULT 
 

Name David Käthner 

Position Senior Technical Expert 

Organisation DLR 

Address Lilienthalplatz 7, 38106 Braunschweig, Germany 

Telephone +49 531 295 3438 

Fax  

E-mail david.kaethner@dlr.de  

URL  

Specific Result 
URL 

 

 
SUMMARY 

DriveGOMS is an empirical based formal description method of driver behavior. It can be used to analyze 
empirical driver behavior, to model interactions between drivers and automation or assistance systems, and 
driver performance.  

 
CURRENT STAGE OF DEVELOPMENT 

 

Scientific and/or Technical knowledge (Basic research) x 

Guidelines, methodologies, technical drawings x 

Software code  

Database, Data Source  

Experimental development stage (laboratory prototype)  

Prototype/demonstrator available for testing  

Results of demonstration trials available  

Other (please specify.):  
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DOCUMENTATION AND INFORMATION ON THE RESULT 

 

Documentation type Details (Title, ref. number, general description, 
language) 

Status: PU=Public 
CO=Confidential 

Preliminary description Deliverable 2.4 PU 

Description of Validation study Deliverable 2.6 PU 

   

 
 

2.6 Description of the result άSituation and vehicle modelέ 

No. Self-descriptive title of the result 

E3.1 Situation and vehicle model 

 
 

WP 2 
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Name Andreas Lüdtke 

Position Senior Principle Scientist & Group Manager, HCD , OFFIS 
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URL  
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This module is used to predict the near future (e.g. the next ten seconds) temporal and spatial evolution of the 
traffic situation. Given the observed information about the current traffic situation provided by the TeamMate 
ǾŜƘƛŎƭŜΩǎ ǎŜƴǎƻǊ ǇƭŀǘŦƻǊƳ ŀƴŘ ŀ ƳŀǇ ƻŦ ǘƘŜ ǊƻŀŘ ƴŜǘǿƻǊƪΣ ǘƘŜ ƳƻŘǳƭŜ ǳǎŜǎ ŀ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǇƘȅǎƛŎŀƭ Ƴƻǘƛƻƴ 
(i.e., vehicle) models and driver models to probabilistically predict the nonlinear evolution of the state of each 
traffic participant in the vicinity of the TeamMate vehicle. 
 
The prediction of the temporal and spatial evolution of the traffic situation is a prerequisite for online risk 
assessment and is currently investigated for its potential to improve the driver intention recognition. The 
module is implemented as a C++ dynamic linked library, currently interfaceable with the OFF and ULM driving 
simulator in rural road scenarios (the Peter scenario), to be integrated in the ULM real vehicle demonstrator in 
future iterations. 

 
CURRENT STAGE OF DEVELOPMENT 
4 

Scientific and/or Technical knowledge (Basic research)  

Guidelines, methodologies, technical drawings  

Software code  

Database, Data Source  

Experimental development stage (laboratory prototype) X 

Prototype/demonstrator available for testing  

Results of demonstration trials available  

Other (please specify.):  

 
 
DOCUMENTATION AND INFORMATION ON THE RESULT 

.  

Documentation type Details (Title, ref. number, general description, 
language) 

Status: PU=Public 
CO=Confidential 

Preliminary description Deliverable 3.3, 3.5 PU 

   

 

2.7 Description of the result άwƻŀŘ .ƻǳƴŘŀǊȅ ōŀǎŜŘ {ŀŦŜǘȅ /ƻǊǊƛŘƻǊέ 

No. Self-descriptive title of the result 

E3.2 Road Boundary based Safety Corridor (RBSC) 

 
 

WP 3 
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Name Gurucharan Srinivas 

Position Senior Technical expert 

Organisation DLR 
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Fax  

E-mail gurucharan.srinivas@dlr.de 

URL  

Specific Result 
URL 

 

 
SUMMARY  

This module estimates the ego-vehicle safety corridor based on road and lane marking. The system first extracts 
map data from a map file in OpenDrive format. In the second step the ego-vehicle pose is matched into the map 
to get the ego-vehicle lane. Depending on the lane marking type, road boundaries polygons are sampled from 
the ego-vehicle lane. The ego-vehicle pose uncertainty is used as the uncertainty of the ego-lane center. After 
that we samples 2 lanes by shifting the ego-lane center with quantiles ᾀ  and ᾀ of the given collision 

probability threshold  and ρ  At the end we generated the Safety Corridor from road boundaries by .
sampling respectively the closest left and right lane markings from the 2 lanes sampled above.    

 
CURRENT STAGE OF DEVELOPMENT 

 

Scientific and/or Technical knowledge (Basic research) x 

Guidelines, methodologies, technical drawings  

Software code x 

Database, Data Source  

Experimental development stage (laboratory prototype) x 

Prototype/demonstrator available for testing  

Results of demonstration trials available  

Other (please specify.):  

 
 
 
DOCUMENTATION AND INFORMATION ON THE RESULT 

 

Documentation type Details (Title, ref. number, general description, 
language) 

Status: PU=Public 
CO=Confidential 
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Preliminary description Deliverable 3.5 PU 

Validation Deliverable 3.7 PU 

   

 

2.8 Description of the result ΨΩPlanning and execution of safe maneuverέ 

 

No. Self-descriptive title of the result 

E4.1 Planning and execution of safe maneuver 

 
 

WP 3 

 
CONTACT PERSON FOR THIS RESULT 
 

Name Maximilian J. Graf 

Position Research assistant M.Sc  
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Address Albert-Einstein-Allee 41 89081 Ulm, Germany 
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URL https://www.uni-ulm.de 

Specific Result 
URL 

https://www.uni-ulm.de/in/mrm/institut/mitarbeiter/wissenschaftliche-
mitarbeiter/graf-maximilian-m-sc/ 

 
 
SUMMARY  

This module calculates trajectories to guide a vehicle safe and comfortable through the environment.  The code 
is written in C++, integrated in the Ulm vehicle and used for evaluation studies. 

 
 
CURRENT STAGE OF DEVELOPMENT 

 

Scientific and/or Technical knowledge (Basic research)  



AutoMate Automation as accepted and trusted TeamMate to enhance  
traffic safety and efficiency 

 

30/08/2019 Named Distribution Only 
Proj. No: 690705 

Page 21 of 102 

 

Guidelines, methodologies, technical drawings x 

Software code x 

Database, Data Source  

Experimental development stage (laboratory prototype) x 

Prototype/demonstrator available for testing x 

Results of demonstration trials available x 

Other (please specify.):  

 
 
 
DOCUMENTATION AND INFORMATION ON THE RESULT 

 

Documentation type Details (Title, ref. number, general description, 
language) 

Status: PU=Public 
CO=Confidential 

Preliminary description Deliverable 3.3, 3.5 PU 
    

 

2.9 Description ƻŦ ǘƘŜ ǊŜǎǳƭǘ ΨΩLearning of intention from the driverέ 

 

No. Self-descriptive title of the result 

E4.2 Learning of Intentions from the Driver 

 
 

WP 3 
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Specific Result 
URL 

 

 
 
SUMMARY  

The Machine Learning Algorithm is able to learn preferences of drivers for various driving manoeuvres, e.g. 
overtaking manoeuvres (e.g. gap size). It enhances driver intention recognition by adaptive capabilities.  
  

 
 
CURRENT STAGE OF DEVELOPMENT 

 

Scientific and/or Technical knowledge (Basic research)  

Guidelines, methodologies, technical drawings  

Software code  

Database, Data Source  

Experimental development stage (laboratory prototype) X 

Prototype/demonstrator available for testing  

Results of demonstration trials available  

Other (please specify.):  

 
 
 
DOCUMENTATION AND INFORMATION ON THE RESULT 

 

Documentation type Details (Title, ref. number, general description, 
language) 

Status: PU=Public 
CO=Confidential 

Preliminary description Deliverable 3.3, 3.5 PU 
 Validation Deliverable 3.7, 6.3 PU 

 
2.10 Description ƻŦ ǘƘŜ ǊŜǎǳƭǘ άOnline Risk Assessmentέ 

No. Self-descriptive title of the result 

E5.1 " Online Risk Assessmentέ 

 
 

WP 3 
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Name Andreas Lüdtke 

Position Senior Principle Scientist & Group Manager, HCD , OFFIS 

Organisation OFFIS e.V. 

Address Escherweg 2 

Telephone  

Fax  

E-mail Andreas.Luedtke@offis.de 

URL  

Specific Result 
URL 

 

 
SUMMARY  

This module transforms the prediction of the temporal and spatial evolution of the traffic situation into safety 
corridors that specify regions in which the TeamMate vehicle can travel without risk of collisions. These safety 
corridors can be used by the TeamMate vehicle to plan safe and feasible trajectories and/or assess the safety 
of potential trajectories in respect to potential collisions with other traffic participants. 
 
The module is implemented as a C++ dynamic linked library, currently interfaceable with the OFF and ULM 
driving simulator in rural road scenarios (the Peter scenario), to be integrated in the ULM real vehicle 
demonstrator in future iterations. 

 
CURRENT STAGE OF DEVELOPMENT 

 

Scientific and/or Technical knowledge (Basic research)  

Guidelines, methodologies, technical drawings  

Software code  

Database, Data Source  

Experimental development stage (laboratory prototype) X 

Prototype/demonstrator available for testing  

Results of demonstration trials available  

Other (please specify.):  
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Documentation type Details (Title, ref. number, general description, 
language) 

Status: PU=Public 
CO=Confidential 

Preliminary description Deliverable 5.3, Deliverable 5.5 PU 

Validation Deliverable 3.7 PU 

 

2.11 Description of the result άLƴǘŜǊŀŎǘƛƻƴ aƻŘŀƭƛǘȅέ 

 

No. Self-descriptive title of the result 

E6.1 Interaction Modality 

 
 

WP 4 
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Specific Result 
URL 

https://www.uni -ulm.de/in/psy-hf/team/juergen-pichen/ 

 
 
SUMMARY  

This module provides guidelines to design the interaction modality for highly automated vehicles.  Based on 
the empirical results of the different interaction modalities in the driving simulator and existing literature, 
ten guidelines which define the modality, needed feedback and restriction have been derived. These are 
recommended to be taken into account while designing the interaction with highly automated vehicles. 
These guidelines can be used outside the project. Currently, they are in the publication process of a 
conference and therefore will be publicly available soon. 
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CURRENT STAGE OF DEVELOPMENT 

 

Scientific and/or Technical knowledge (Basic research) x 

Guidelines, methodologies, technical drawings x 

Software code  

Database, Data Source  

Experimental development stage (laboratory prototype) x 

Prototype/demonstrator available for testing  

Results of demonstration trials available  

Other (please specify.):  

 
 
 
DOCUMENTATION AND INFORMATION ON THE RESULT 

 

Documentation type Details (Title, ref. number, general description, 
language) 

Status: PU=Public 
CO=Confidential 

Preliminary description Deliverable 6.2 PU 

Validation Deliverable 3.7 PU 

 
 

2.12 Description of the result ά¢ŜŀƳaŀǘŜ aǳƭǘƛƳƻŘŀƭ IaLέ 

 

No. Self-descriptive title of the result 

E6.2 TeamMate Multimodal HMI 
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Telephone +39 (0) 522 1409350 

Fax  

E-mail Elisa.landini@re-lab.it  

URL  

Specific Result 
URL 

 

 
SUMMARY  

The HMI concept designed and developed in AutoMate allows to both team members (i.e. drivers and 
automation) to complement each other during the cooperation. In fact, in addition to the traditional warning-
based HMI used by the automation to support the driver (e.g. by providing warnings when then driver is 
distracted to bring him/her back into the loop), the innovative HMI concept of AutoMate applies a negotiation-
based paradigm of interaction that allows the automation to ask for support to the driver if needed (i.e. when 
it is about to reach its limits). By applying this novel concept, AutoMate prevents the safety-critical situation 
όƪƴƻǿƴ ŀǎ άŘƛǎŜƴƎŀƎŜƳŜƴǘέύ ƛƴ ǿƘƛŎƘ ǘƘŜ ŀǳǘƻƳŀǘƛƻƴ ǳƴŜȄǇŜŎǘŜŘƭȅ ƘŀƴŘǎ ƻǾŜǊ ǘƘŜ ŎƻƴǘǊƻƭ ǘƻ ǘƘŜ ŘǊƛǾŜǊ ōŜŎŀǳǎŜ 
it is not able to deal with the complexity of the real world. 
The overall HMI strategy has been developed by considering different components that have specific roles to 
implement the cooperative HMI concept, in both direction of support (from the driver to the automation and 
from the automation to the driver): 

- Instrument Cluster: to adapt the information according to the driving mode - in manual mode the cluster 
is mainly used to support the driving, while in automation mode, the cluster will be used to highlight the 
approaching to critical situation the automation may not be able to deal efficiently (e.g. roundabouts). 

- Audio HMI: to allow the automation to ask for support in a human-like style that does not distract the 
driver from the main driving task. 

- Central Display (or external tablet): to provide safety-critical information on a secondary display the 
driver is using in automation mode (when he is not expected to monitor the Instrument Cluster). 

- HUD: to deliver situation-related information without distracting the driver from the main driving task 
(the HUD is used as an alternative to the Augmented Reality developed by HMT). 

 
CURRENT STAGE OF DEVELOPMENT 

 

Scientific and/or Technical knowledge (Basic research) x 

Guidelines, methodologies, technical drawings x 

Software code x 

Database, Data Source  

Experimental development stage (laboratory prototype) x 

Prototype/demonstrator available for testing x 

Results of demonstration trials available  

Other (please specify.):  
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language) 

Status: PU=Public 
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Description of 2nd version Deliverable 4.4 PU 
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2.13 Description ƻŦ ǘƘŜ ǊŜǎǳƭǘ άAugmented Realityέ 

No. Self-descriptive title of the result 

E6.6 " !ǳƎƳŜƴǘŜŘ wŜŀƭƛǘȅ IaLέ 
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SUMMARY  
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To follow the TeamMate approach, it is necessary to provide a shared understanding of the current situation 
between the driver and the automation. Though current HUD only display information, next generation HUD 
will make use of Augmented Reality to project information in such a way that it looks like it is part of the real 
environment. The main objective of the Augmented Reality HMI is to improve the cooperation between the 
automation and the driver. This means that the Augmented Reality HMI should provide a better situation 
understanding so that the driver understands the behavior of the automation. The information of the HMI helps 
the driver to understand the current situation and why the automation acts in a certain manner.  
 
HMT uses the Augmented Reality HMI in different contexts, to extend the perception of a driver and to increase 
the confidence in the actions of autonomous vehicles. At this moment, the Augmented Reality HMI works only 
in autonomous mode and supports the driver. In the next cycle, the scope of the Augmented Reality HMI is 
extended by the integration with the Head-Up Display and integration into manual mode. 

 
CURRENT STAGE OF DEVELOPMENT 

 

Scientific and/or Technical knowledge (Basic research)  

Guidelines, methodologies, technical drawings  

Software code  

Database, Data Source  

Experimental development stage (laboratory prototype) X 

Prototype/demonstrator available for testing  

Results of demonstration trials available  

Other (please specify.):  

 
 
DOCUMENTATION AND INFORMATION ON THE RESULT 

.  

Documentation type Details (Title, ref. number, general description, 
language) 

Status: PU=Public 
CO=Confidential 

Preliminary description Deliverable 5.3, Deliverable 5.5 PU 

   

   

 

2.14 Description of the result άSimulators functionalities improvementέ -ULM 

 

No. Self-descriptive title of the result 

 Simulators functionalities improvement 
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SUMMARY  

During the AUTOMATE project, both the ULM driving simulator and also the Ulm vehicle have been extended 
with specific functions.   
In the ULM simulator, SILAB driving simulation engine has been extended with automated driving features and 
augmented reality features. A basic HMI has been implemented to allow the transition from automated driving 
to manual driving.  In addition, the steering wheel interaction modality with a force feedback has been 
integrated in the driving simulator to support the cooperation between drivers and highly automated vehicles. 
For the integration of and the communication between all enablers the simulator was upgraded with hardware 
ǘƘŀǘ ŀƭƭƻǿǎ ǘƻ Ǌǳƴ ǘƘŜ ǎƛƳǳƭŀǘƛƻƴ ǿƛǘƘ ŀƭƭ ŦŜŀǘǳǊŜǎ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅΦ ¢ƘŜ ƻǇŜǊŀǘƻǊǎΩ ǊƻƻƳ Ƙŀǎ ōŜŜƴ ŜǉǳƛǇǇŜŘ ǿƛǘƘ 
an additional interface to control the TeamMate functionalities during an experiment. The TeamMate enablers 
have been implemented in the simulator and could be used in collaborative research between the consortium 
partners. 
In the Ulm vehicle, trajectory planning has been implemented to guide the vehicle safe and human like through 
on road traffic. The planner uses a driver model to make sure the corresponding motions are social compliant.  
Furthermore, the planner is capable of performing lane changes by using a decision layer based on the same 
driver model as used for planning.  
 
The achieved research results can be used by industrial partners transferring the knowledge to innovative 
products worldwide. Besides, the close cooperation with the industrial partners in AUTOMATE has greatly 
helped the exchange of research interests and strengthened the networking, which provides the possibility of 
project acquisition and collaboration in the future. 

 

 
 
CURRENT STAGE OF DEVELOPMENT 
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Scientific and/or Technical knowledge (Basic research) X 

Guidelines, methodologies, technical drawings  

Software code X 

Database, Data Source X 

Experimental development stage (laboratory prototype) X 

Prototype/demonstrator available for testing X 

Results of demonstration trials available X 

Other (please specify.):  
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2.15 Description of the result άSimulators functionalities improvementέ - REL 
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SUMMARY  

During the AUTOMATE project, REL simulator has been upgraded to SCANeR 1.7 version in order to integrate 
customizable automated driving functionalities and new interaction elements, such as a force-feedback 
steering wheel.  
 
Moreover, during the project the simulator has been updated with some of the modules developed in 
AutoMate, such as the Driver Monitoring System (DMS) for drowsiness and distraction detection ς developed 
by Continental, the Driver Intention Recognition ς developed by Humatects, and the TeamMate multimodal 
HMI ς developed by REL, including a haptic seat cover able to use the data collected by the other modules 
ǘƘǊƻǳƎƘ ǘƘŜ ǎƛƳǳƭŀǘƻǊΩǎ ƴŜǘǿƻǊƪ όŜΦƎΦ ǘƻ ǾƛōǊŀǘŜ ǿƘŜƴ ǘƘŜ 5a{ ŘŜǘŜŎǘǎ ǘƘŀǘ ǘƘŜ ŘǊƛǾŜǊ ƛǎ ŘƛǎǘǊŀŎǘŜŘύΦ ¢ƘŜ 
guidelines on interaction modality have been integrated in order to allow a safe and comfortable transition of 
control between the agents in highly automated driving. 
 
Lƴ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŦǊŀƳŜǿƻǊƪΣ ŀ ǎƻŦǘǿŀǊŜ ƳƻŘǳƭŜ ǘƻ Ŝŀǎƛƭȅ ƛƴǘŜƎǊŀǘŜ ǘƘŜ ŜȄǘŜǊƴŀƭ ŎƻƳǇƻƴŜƴǘǎ όƘŀǊŘǿŀǊŜ ŀƴŘ 
software) in the driving simulator, has been developed. The results achieved in the project can be used by REL 
in conjunction with industrial partners, to facilitate the integration and testing of different modules and 
interaction system at driving simulator, in iterative R&D studies. The results of this project will foster the role 
of RE:Lab as key partner in research and innovation activities, thanks to the experience gained in driving 
simulator studies conducted in relation to highly automated driving features. 
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Software code X 

Database, Data Source  

Experimental development stage (laboratory prototype) X 
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3 Market Observation  

AUTOMATE addresses the market of safety enhancing vehicle automation systems. The TeamMate Car 
ǘŜŎƘƴƻƭƻƎȅ ǿƛƭƭ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƴŎǊŜŀǎŜ ŘǊƛǾŜǊǎΩ ŀŎŎŜǇǘŀƴŎŜ ƻŦ ŀƴŘ ǘǊǳǎǘ ƛƴ ƘƛƎƘƭȅ ŀǳǘƻƳŀǘŜŘ ǎȅǎǘŜƳǎΦ ¢Ƙƛǎ 
will boost the willingness to buy such systems accelerating the market development for such technologies. 
Many factors can influence the Driver assistance and vehicle automation market, considering that it is very 
dynamic and rapidly changing market. National and EU policies are strongly focusing on the improvement 
of road safety and efficiency. New regulations provided by National government and EU are of course one 
of the major factors for the deployment of more and more sophisticated assistance function. (e.g. From 1 
November 2015, all new trucks and buses must also be equipped with advanced emergency braking 
systems as well as lane departure warning systems).   
The European evaluation program for Automotive (EURONCAP) and its star rating system is also strongly 
pushing forward the car manufacturers to integrate ADAS technologies into the new automobiles as far as 
they want, mainly for marketing and differentiation issues, to achieve the highest rating. 
Moreover new actors are now involved in that market. This new players are pulling forward innovations 
ŀƴŘ ƛƴǘǊƻŘǳŎǘƛƻƴ ƻŦ ƳƻǊŜ ŀƴŘ ƳƻǊŜ ŀǳǘƻƳŀǘŜŘ ǾŜƘƛŎƭŜǎ ƻƴ ǘƘŜ ǊƻŀŘ όDƻƻƎƭŜΣ ¢ŜǎƭŀΧύΦ 
Last and not least, the ADAS and autonomous vehicle market is supported by technological breakthrough 
and driven by very ambitious road maps provided by both car manufacturers and suppliers.  

3.1 Automation road maps  

There is no doubt that Autonomous driving is a strategic objective for automobile contributors. Some 
journalist may talk about a market of more than 500 billion of euros in 2035. Others talk about a future 
with only Automated Driving. As Henrik Christensen, director of the University of California San 5ƛŜƎƻΩǎ 
Contextual Robotics Institute, who has prophesied ŦƻǊ ǘƘŜ ƴŜȄǘ ƎŜƴŜǊŀǘƛƻƴΥ άaȅ ƻǿƴ ǇǊŜŘƛŎǘƛƻƴ is that kids 
born today will never get to drive a car.έ His forecast, which he shared in December 2016 in an interview 
with The San Diego Union-Tribune, is rooted in signs that the auto industry is racing toward a driverless 
ŦǳǘǳǊŜΦ ά!ǳǘƻƴƻƳƻǳǎΣ ŘǊƛǾŜǊƭŜǎǎ ŎŀǊǎ ŀǊŜ млΣ мр ȅŜŀǊǎ ƻǳǘΣέ ƘŜ ǎŀƛŘΦ ά!ƭƭ ǘƘŜ ŀǳǘƻƳƻǘƛǾŜ ŎƻƳǇŀƴƛŜǎτ
Daimler, GM, Fordτare saying that within five years they will have autonomous, driverless cars on the 
ǊƻŀŘΦέ 
Meanwhile, analysts expectations are often less enthusiastic with, for example, a production of only 21 
million autonomous vehicles to reach the roads by 2035. 

 

Figure 1: The Boston Consulting Group  

http://www.sandiegouniontribune.com/news/science/sd-me-robots-jobs-20161213-story.html
http://www.motortrend.com/news/study-says-21-million-autonomous-cars-will-sold-2035/
http://www.motortrend.com/news/study-says-21-million-autonomous-cars-will-sold-2035/
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It is, therefore, a race between manufacturers and equipment manufacturers that spans over a period of 
ƳƻǊŜ ǘƘŀƴ нл ȅŜŀǊǎ όҒ нллр-2035). 

The Society of Automotive Engineers (SAE) was giving the next road map (link) in 2013.  

 

 
 

 

Figure 2: RoadMap given by the SAE 

Nowadays, some high level automation is already being tested in some areas in Europe in low speed and/or 
in dedicated infrastructure for automation. The road map of automated driving system, given by ERTRAC 
(European Road Transport Research Advisory Council) in 2017, shows a progressive step-wise increase of 
automation level during the upcoming decade.  
 

http://articles.sae.org/12593/
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Figure 3: The vehicle automation development paths 

 
According to the report of ERTRAC, the high level automated driving cars (Level 3) has been established 
since 2018, with features like Highway Chauffer and Traffic Jam Chauffer which need the driver ready to 
take over the driving task when there is a request from the system.  
The level 4 and level 5 of automation driving cars in urban road and highway, which do not need the driver 
to take over during the driving task, will come later, after 2020 and 2030 respectively. 
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Figure 4: The automated driving development path for passengers cars 

 
Regarding the automated driving for freight vehicles, it mainly focuses on the highway driving. Some 
features of level 3 and 4 has been established before 2018. Still according ERTRAC, most of high level 
automation (level 4 and 5) will come after 2022 or later. 
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Figure 5: The automated driving development path for freight vehicles 

 
The automated driving for urban mobility vehicles is mainly focuses on the transport of urban road to 
improve the traffic flow in the city. The automated bus/PRT/shuttles on dedicated roads has been 
established since 2018. On mixed traffic it will come after 2024. The fully automated urban mobility should 
be established after 2030. 
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Figure 6: The automated driving deployment path for urban mobility vehicles 

 
 
In order to have a better comprehension of the current road map, we propose the next press review to 
quickly see the global expectations of those who are implicated in the Autonomous Driving race. 
 

Quick press review 
 
It is interesting to note that some manufacturers will proceed by an incremental or gradual 
implementation (L2>L3>L4) like Audi ; Tesla ; Mercedes Τ .a² Τ DǊƻǳǇŜ t{! Τ bƛǎǎŀƴΧ 

²ƘƛƭŜ ƻǘƘŜǊǎ ǘŀƭƪ ǘƻ ǎƪƛǇ [ŜǾŜƭ о ŀƴŘ ŘƛǊŜŎǘƭȅ ƧǳƳǇ ŦǊƻƳ [ŜǾŜƭ н ǘƻ [ŜǾŜƭ пΣ ƭƛƪŜ CƻǊŘ Τ ±ƻƭǾƻ Τ IƻƴŘŀΧ Link 

- Linkedin 
For the next quick press review, we identified a non-exhaustive list of 24 companies developing road going 
self-driving vehicles. They are a diverse group of players, ranging from automotive industry stalwarts to 
leading technology brands and telecommunications companies.  
We show their different forecasts and due date for the Autonomous Driving.  

This list is organized alphabetically, and mainly comes from the following link:  Link - cbinsights (May 

2017). 

 

https://www.linkedin.com/pulse/another-carmaker-skips-level-3-automated-driving-georgios-stathousis
https://www.linkedin.com/pulse/another-carmaker-skips-level-3-automated-driving-georgios-stathousis
https://www.cbinsights.com/research/autonomous-driverless-vehicles-corporations-list/
https://www.cbinsights.com/research/autonomous-driverless-vehicles-corporations-list/
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Apple: !ǇǇƭŜΩǎ άtǊƻƧŜŎǘ ¢ƛǘŀƴέ Ƙŀǎ ōŜŜƴ ŀ ǇŜǊŜƴƴƛŀƭ ŦŀǾƻǊƛǘŜ ǿƛǘƘƛƴ ǘƘŜ ŀǳǘƻƳƻǘƛǾŜ ǊǳƳƻǊ ƳƛƭƭΦ Lƴƛǘƛŀƭ 
reports suggested the project was targeting an advanced electric vehicle, but the initiative suffered 
setbacks in early 2016, with the departure of project head Steve Zadesky and a rumored hiring freeze, as 
well as strategic uncertainty over the vision of the project. The plans of this project were later scaled back 
to just focus on self-driving technologies. Then it will be shared with OEMs partners such as Volkswagen 
who will provide the hardware. 
July 2016, the project said to be prioritizing the development of an autonomous driving system. In April 
2017, details emerged confirming this piǾƻǘΣ ǿƛǘƘ !ǇǇƭŜ ŘƻŎǳƳŜƴǘǎ ŘŜǘŀƛƭƛƴƎ ŀƴ άŀǳǘƻƳŀǘŜŘ ǎȅǎǘŜƳέ ŀƴŘ 
the company hiring robotics experts from NASA. The company hired Doug Field, a former chief engineer 
for Tesla, to oversee its project alongside Bob Mansfield, who used to be senior vice president of hardware 
engineering. The first prototype of the autonomous vehicle of Apple will be available in 2023-2025, 
according to the prediction of professional analyst.  

 

 
Audi: Audi has revealed several autonomous vehicle prototypes derived from their A7- and RS7 models, 
including consumer-oriented test vehicles.  
Audi plans to commercialize its technology, especially as Traffic Jam Chauffeur, in its next-generation A8 
ŦƭŀƎǎƘƛǇΣ ŀƭǘƘƻǳƎƘ ǘƘŜ ǾŜƘƛŎƭŜΩǎ {!9 [ŜǾŜƭ о όŎƻƴŘƛǘƛƻƴŀƭύ ŀǳǘƻƳŀǘƛƻƴ ǿƛƭƭ ƘŀǾŜ ƭƛƳƛǘŜŘ availability pending 
regulatory approvals. This automated driving system can take over steering, braking, and acceleration in 
ǎƻƳŜ ǇŀǊǘǎ ƻŦ ƘƛƎƘǿŀȅ ǊƻŀŘǎΦ .ŜǎƛŘŜǎΣ ƛǘ ŘƻŜǎ ƴƻǘ ǊŜǉǳƛǊŜ ǘƘŜ ŀǘǘŜƴǘƛƻƴ ƻŦ ǘƘŜ ŘǊƛǾŜǊ ǘƻ ǘƘŜ ŎŀǊΩǎ 
surroundings. 

 

 
Autoliv and Volvo: The Geely-owned Volvo car brand has also made progress with self-driving passenger 
vehicles. The company has stated that it will accept full liability when its vehicles are in autonomous mode, 
and has announced plans to expand its pilot program to China and the United States. Volvo has followed 
rivals like BMW in setting 2021 as a target deployment date. Volvo will begin shipping to Uber 24 000 XC90 
sport utility vehicles for self-driving activities in 2019, in spite of delays due to the testing program 
following a fatal accident in march 2018. 
After searching for collaborators to work with, Volvo announced a self-driving joint venture with Swedish 
supplier Autoliv in January 2017. Dubbed Zenuity, the joint venture is aiming to commercialize its first 
driver assist systems by 2019, also making them available to other automakers. Volvo Level 2 for 
automated vehicles will be on the market by the early 2020s.  

 

 

 
And more recently, a new partner named NVIDIA also joined Zenuity.  
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The main focus of NVIDIA is to provide autonomous platform of In-Vehicle AI Computer to the OEMs. The 
big announcement from CES 2019 in Las Vegas was the unveiling of DRIVE AutoPilot, which the company 
Ŏŀƭƭǎ άǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ŎƻƳƳŜǊŎƛŀƭƭȅ ŀǾŀƛƭŀōƭŜ [Ŝvel 2+ automated driving systemέ. 
 
 

 
Baidu: In June 2016, Baidu CEO Robin Li disclosed a five-year goal for the mass production of driverless 
vehicles. Its open platform for autonomous driving (including hardware and software), named as Apollo, 
has been advancing to contribute to the high level automated vehicle.  Recently, Baidu and Volvo said that 
they plan a mass production for the Chinese market, although there is no timeline for this corporation. 
 

 

  
BMW: BMW has begun aggressively pushing its autonomous strategy, showing off an autonomous i8 
concept at CES 2016 and announcing a formal initiative to promote automation in its vehicles under the 
banner BMW iNEXT, a pivot of its BMW i EV sub-brand. 
The Munich-based automaker followed this announcement by securing an alliance with Intel and 
Mobileye. The coalition plans to create an open standards-based platform for bringing self-driving cars to 
market, aiming to put vehicles on the road by 2021. 
In May 2017, Delphi (Aptiv) also joined the alliance, followed by Continental and Fiat in August 2017. 
 
 

   
Bosch: The company has projected that self-driving cars will be in action by 2020, at least on highways.  
Since April 2017, Daimler and Bosch have joined forces to develop Level 4 (high automation) and 5 (full 
automation) vehicles, with Daimler having two years of exclusivity on the co-developed system before it 
can be offered to competing automakers. The aim of the urban mobility in California is to improve the 
fluidity of traffic in cites, enhance road safety, and provide an important building block for the way traffic 
will work in the future. The prototypes will be based on the Mercedes-Benz S-Class sedan and they will 
travel autonomously with a safety driver behind the wheel. 
 

 

 
Continental AG: ¢ƘŜ ŎƻƳǇŀƴȅ ŎƻƳƳƛǘǘƛƴƎ ǘƻ ŀ ά2020sέ ǘƛƳŜŦǊŀƳŜ ŦƻǊ ƛǘǎ ǇǊƻŘǳŎǘǎΣ ŀƴŘ ǇǊŜŦŜǊǊƛƴƎ ǘƻ 
gradually roll out driver-ŀǎǎƛǎǘ ǘŜŎƘƴƻƭƻƎƛŜǎ ǎǳŎƘ ŀǎ ƛǘǎ ά/ǊǳƛǎƛƴƎ /ƘŀǳŦŦŜǊΦέ Cooperating with chip supplier 
NVDIA in 2018, its Artificial Intelligence self-ŘǊƛǾƛƴƎ ǾŜƘƛŎƭŜ ǎȅǎǘŜƳǎ ǿƛƭƭ ōŜ ōŀǎŜŘ ƻƴ b±5L!Ωǎ ŎƻƳǇǳǘƛƴƎ 
platform, with planned market introduction in 2021 for Level 3 automation features. 
 
 

  

http://www.wsj.com/articles/baidu-plans-to-mass-produce-autonomous-cars-in-five-years-1464924067
http://www.wsj.com/articles/baidu-plans-to-mass-produce-autonomous-cars-in-five-years-1464924067
http://arstechnica.com/cars/2016/01/bmw-uses-ces-to-show-its-autonomous-i8-concept-to-the-world/
http://arstechnica.com/cars/2016/01/bmw-uses-ces-to-show-its-autonomous-i8-concept-to-the-world/
http://www.bloomberg.com/news/articles/2016-06-29/bmw-is-said-to-team-up-with-intel-mobileye-on-self-driving-cars
https://cbi-blog.s3.amazonaws.com/blog/wp-content/uploads/2016/08/640px-Baidu.png
https://cbi-blog.s3.amazonaws.com/blog/wp-content/uploads/2016/08/bmw-intel-mobileye.png
https://cbi-blog.s3.amazonaws.com/blog/wp-content/uploads/2017/04/continental-ag-logo.png
https://cbi-blog.s3.amazonaws.com/blog/wp-content/uploads/2017/04/Ford-logo-2003-1366x768.png
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Ford: In early 2015, ForŘ ŀƴƴƻǳƴŎŜŘ ƛǘǎ ά{ƳŀǊǘ aƻōƛƭƛǘȅ tƭŀƴέ ǘƻ ƳƻǾŜ ǘƘŜ ŎƻƳǇŀƴȅ ŦƻǊǿŀǊŘ ƻƴ 
innovation, including vehicle connectivity and autonomous vehicles. The company plans to roll out highly 
autonomous vehicles within pre-mapped, geofenced areas by 2021. 
Its biggest move yet came in February 2017, when Ford invested 1 billion dollars and announced that it 
would take a majority stake in AI startup Argo. Argo AI has received a testing permit in the early 2019 from 
the California Department of Motor Vehicles to test on public roads, as part of a ramp-ǳǇ ǘƻǿŀǊŘ CƻǊŘΩǎ 
ŎƻƳƳŜǊŎƛŀƭ ǎŜǊǾƛŎŜ ǘƘŀǘΩǎ ǎǳǇǇƻsed to begin in 2021. Recently, Volkswagen plans to invest approximately 
1.7 billion in Argo AI as part of a growing partnership between the two automakers. 
 
 

  
General Motors: GM and Lyft are planning to deploy thousands of self-driving Bolts beginning in 2018. 
IƻǿŜǾŜǊΣ ŘŜǎǇƛǘŜ DaΩǎ ƛƴǾŜǎǘƳŜƴǘ ŀƴŘ ŘŜŜǇŜƴƛƴƎ ǇŀǊǘƴŜǊǎƘƛǇΣ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ƛǎ ƴƻǘ ŜȄŎƭǳǎƛǾŜΣ ǿƛǘƘ [ȅŦǘ 
and Waymo inking a separate deal in May 2017 to collaborate on their own self-driving pilot projects. 
Separately, GM has also been developing its own semi-autonomous technology in-house, with its delayed 
Super Cruise finally slated for launch in the 2018 Cadillac CT6. For 2019, GM expects to spend roughly 1 
billion dollar on Cruise and plans to double in size by the end of 2019 to push its self-driving taxi service 
up and running. Following the investments from SoftBank and Honda, Cruise is now valuated at 14.6 billion 
dollars.  
 
 

 
Chinese telecommunication giant Huawei has shifted resources toward the development of autonomous 
vehicles Huawei is continuing to debut next-generation communications and AI solutions that will be of 
ƛƴǘŜǊŜǎǘ ǘƻ ŎƻƳǇŀƴƛŜǎ ŀǊƻǳƴŘ ǘƘŜ ǿƻǊƭŘΦ IǳŀǿŜƛΩǎ ƭŀǘŜǎǘ ǎǳŎƘ ƻŦŦŜǊƛƴƎ ƛǎ ǘƘŜ aƻōƛƭŜ !ǳǘƻƳŀǘƛon Engine 
(MAE), a solution designed to accelerate autonomous driving using cellular networks. 
Huawei partnered with Vodafone to demonstrate some of their latest innovations at the 2017 Mobile 
World Congress in Barcelona, including cellular technology used to connect cars called Cellular V2X (C-
V2X). Huawei expects that AI will grow in capability during the late 4G and early-to-mid 5G eras, with fully 
driverless cars becoming available in 10 years or so, likely in the 2030s. The high speed (~ 10 Gbit/s) and 
no latency 5G network will enforce the connection of autonomous vehicles to communicate with other 
vehicles, with infrastructures and with everything (V2X). 
 
 
 

   
Jaguar Land Rover and Waymo announced a long-term strategic partnership in early 2018, the two 
ŎƻƳǇŀƴȅ ǿƛƭƭ ŘŜǾŜƭƻǇ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ǇǊŜƳƛǳƳ ǎŜƭŦ-ŘǊƛǾƛƴƎ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜ ŦƻǊ ²ŀȅƳƻΩǎ ŘǊƛǾŜǊƭŜǎǎ 
transport service. They will work together to design and engineer self-driving Jaguar I-PACE vehicles 
ŜǉǳƛǇǇŜŘ ǿƛǘƘ ²ŀȅƳƻΩǎ ǎŜƭŦ-driving system.  

https://www.inverse.com/article/28876-ford-self-driving-cars-geofences-ride-sharing
https://www.inverse.com/article/28876-ford-self-driving-cars-geofences-ride-sharing
https://www.cbinsights.com/company/argo-ai
http://fortune.com/2017/02/17/gm-lyft-chevy-bolt-fleet/
https://www.nytimes.com/2017/05/14/technology/lyft-waymo-self-driving-cars.html
http://media.gm.com/media/us/en/cadillac/news.detail.html/content/Pages/news/us/en/2017/apr/0410-supercruise.html
http://www.computerweekly.com/news/450414172/MWC-2017-Huawei-RD-focuses-on-vehicles-drones-virtual-reality
https://cbi-blog.s3.amazonaws.com/blog/wp-content/uploads/2016/08/gm-lyft.png
https://cbi-blog.s3.amazonaws.com/blog/wp-content/uploads/2017/04/Huawei-logo-A8C7CBCAA8-seeklogo.com_.png
https://cbi-blog.s3.amazonaws.com/blog/wp-content/uploads/2017/05/waymo-logo.png
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Nissan/RenaultΥ !ǘ !ǇǊƛƭΩǎ bŜǿ ¸ƻǊƪ !ǳǘƻ {ƘƻǿΣ former Chairman and CEO of Nissan and Renault Carlos 
Ghosn promised that the group would have 10 vehicles on sale by 2020 ǿƛǘƘ άǎƛƎƴƛŦƛŎŀƴǘ ŀǳǘƻƴƻƳƻǳǎ 
ŦǳƴŎǘƛƻƴŀƭƛǘȅΦέ Renault has unveiled EZ-Ultimo concept Self-driving car with full electric and a level 4 
autonomous driving technology in Paris Motor Show 2018. Nissan unveiled its first public prototype in 
2013 at the Nissan 360 event in California, and has since been testing an autonomous Nissan LEAF on the 
roads of Tokyo. Nissan and Toyota also announced a joint effort ǘƻ ŘŜǾŜƭƻǇ ǎǘŀƴŘŀǊŘƛȊŜŘ άƛƴǘŜƭƭƛƎŜƴǘέ 
maps, perhaps in response tƻ DŜǊƳŀƴ ŀǳǘƻƳŀƪŜǊǎΩ ŀŎǉǳƛǎƛǘƛƻƴ ƻŦ ǘƘŜ ƳŀǇǇƛƴƎ ŎƻƳǇŀƴȅ I9w9Φ 
 

 

 
SamsungΥ ¢ƘŜ YƻǊŜŀƴ ǘŜŎƘ Ǝƛŀƴǘ ǎŜŎǳǊŜŘ ŀ aŀȅ нлмт ǇŜǊƳƛǘ ŦǊƻƳ {ƻǳǘƘ YƻǊŜŀΩǎ ǘǊŀƴǎǇƻǊǘ ƳƛƴƛǎǘǊȅ 
to begin testing self-driving cars ƻƴ ǘƘŜ ƴŀǘƛƻƴΩǎ ǇǳōƭƛŎ ǊƻŀŘǎΦ SŀƳǎǳƴƎΩǎ ǎŜƭŦ-driving cars are based on 
Hyundai vehicles equipped with cameras and sensors. Its efforts are mainly focused on a software- and 
hardware- based open platform called Drvline, designed to makŜ {ŀƳǎǳƴƎ ŀ ΨƎƻ-ǘƻ ǇŀǊǘƴŜǊΩ ŦƻǊ 
manufacturers that want to develop autonomous cars. 
 
 
 

 
Groupe PSA: In April 2016, French Groupe PSA (including Peugeot, Citroën, DS and Opel-Vauxhall) 
announced ǘƘŀǘ ǘǿƻ /ƛǘǊƻšƴ ŎŀǊǎ ƘŀŘ ŘǊƛǾŜƴ άŜȅŜǎ ƻŦŦέ ŦǊƻƳ tŀǊƛǎ ǘƻ !ƳǎǘŜǊŘŀƳΦ ¢ƘŜ ǾŜƘƛŎƭŜǎ ƴŀǾƛƎŀǘŜŘ 
over олл ƪƳ όмус ƳƛƭŜǎύ ǿƛǘƘƻǳǘ ǎǳǇŜǊǾƛǎƛƻƴ ƻƴ άŀǳǘƘƻǊƛȊŜŘ ǎǘǊŜǘŎƘŜǎέ ƻŦ road, with PSA claiming the cars 
ƘŀŘ ŀŎƘƛŜǾŜŘ [ŜǾŜƭ о !ǳǘƻƳŀǘƛƻƴ ƛƴ ǘƘƛǎ ƳƻŘŜΦ ¢ƘŜ άŜȅŜǎ ƻŦŦέ ƳƻŘŜ ƛǎ ǎƭŀǘŜŘ ǘƻ arrive by 2021, while semi-
auǘƻƴƻƳƻǳǎ άƘŀƴŘǎ ƻŦŦέ ƳƻŘŜǎ ǿƛƭƭ ōŜ ŀǾŀƛƭŀōƭŜ ōȅ 2020. These features, along with electric vehicles and 
ƴŜǿ ƳƻŘŜƭǎΣ ŦƻǊƳ ǘƘŜ ŎƻǊŜ ƻŦ t{!Ωǎ ōǊƻŀŘŜǊ άtǳǎƘ ǘƻ tŀǎǎέ ƎǊƻǿǘƘ ǎǘǊŀǘŜƎȅ όƛƴŎƭǳŘƛƴƎ ŀ ǊŜǘǳǊƴ ǘƻ ǘƘŜ ¦{ύΦ 
In May 2017, PSA and nuTonomy become partners to test autonomous car in Singapore. In April 2019, 
Groupe PSA vehicles, equipped with Level 3 autonomous driving functions, have been operating on open 
road in France, as part of the European L3Pilot project. 
 
 

 
Tesla: In the public eye, EV manufacturer Tesla has become a leading banner-carrier for advanced driver 
assistance and self-ŘǊƛǾƛƴƎ ǘŜŎƘƴƻƭƻƎȅΦ ¢Ŝǎƭŀ ǇǳǎƘŜŘ ƛǘǎ ά!ǳǘƻǇƛƭƻǘέ ǎƻŦǘǿŀǊŜ ǳǇŘŀǘŜ ǘƻ ǇǊƻǇŜǊƭȅ ŜǉǳƛǇǇŜŘ 
Model S vehicles in October 2015, enabling auto steering, lane changing, and parking featǳǊŜǎΦ ¢ŜǎƭŀΩǎ 
deployment strategy and messaging were criticized following a series of crashes and its first Autopilot-
ŘǊƛǾŜƴ Ŧŀǘŀƭƛǘȅ ƛƴ ǎǳƳƳŜǊ нлмсΣ ŀƭǘƘƻǳƎƘ ǘƘŜ bI¢{!Ωǎ official report was favorable towards Autopilot and 
did not find a safety defect. 
Tesla promises to bring semi-autonomous and autonomous features to the mass market with its much-
hyped Model 3, which has attracted over 400,000 pre-orders.  

http://www.cnet.com/roadshow/news/nissan-ceo-carlos-ghosn-talks-self-driving-cars-evs/
http://www.japantoday.com/category/technology/view/govt-toyota-nissan-to-step-up-efforts-on-intelligent-maps
http://www.koreaherald.com/view.php?ud=20170501000464
http://media.groupe-psa.com/en/psa-peugeot-citro%C3%ABn/press-releases/innovation-technology/autonomous-cars-paris-amsterdam
http://www.digitaltrends.com/business/peugeot-citroen-push-to-pass-plan-news-details/
https://cbi-blog.s3.amazonaws.com/blog/wp-content/uploads/2017/05/samsung-logo-191-1.jpg
https://cbi-blog.s3.amazonaws.com/blog/wp-content/uploads/2015/09/Tesla-Logo.png
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Since October 2016, all Tesla vehicles have been built with Autopilot Hardware 2, a sensor and computing 
ǇŀŎƪŀƎŜ ǘƘŜ ŎƻƳǇŀƴȅ ǎŀȅǎ ǿƛƭƭ ŜƴŀōƭŜ άŦǳƭƭ ǎŜƭŦ-ŘǊƛǾƛƴƎέ ŎŀǇŀōƛƭƛǘƛŜǎ ƻƴŎŜ ƛǘǎ ǎƻŦǘǿŀǊŜ ƳŀǘǳǊŜǎΦ ¢ƘŜ ǎȅǎǘŜƳ 
Ƙŀǎ ǘǊŀŘŜŘ aƻōƛƭŜȅŜΩǎ 9ȅŜvо ŦƻǊ bǾƛŘƛŀΩǎ 5ǊƛǾŜ t· н ǇƭŀǘŦƻǊƳ, and requires an activation fee to unlock the 
full autonomy promised.  
In typical fashion, Elon Musk has promised an aggressive timeline for full self-driving capability, with the 
feature slated for release by the end of 2017.  
 

 

 
Toyota: The company has targeted 2021 ŀǎ ŀ Ǝƻŀƭ ŦƻǊ ŘŜǇƭƻȅƛƴƎ ά!L ŎŀǊ ŦŜŀǘǳǊŜǎέ ǘƻ ǘƘŜ ǊƻŀŘΦ 
The institute showcased its latest autonomous research platform in March 2017. In January 2019, Toyota 
Research Institution (TRI) introduced the TRI-P4 automated driving test vehicle at CES Las Vegas. The P4 is 
based on the all-new fifth-generation Lexus LS flagship sedan and will be uǎŜŘ ƛƴ ¢wLΩǎ ǘǿƻ-track Guardian 
and chauffeur automated driving system development.  
 
 

 
Valeo: Like many other suppliers, Valeo has been working on its own ADAS and self-driving systems, with 
ǘƘŜ ŎƻƳǇŀƴȅΩǎ ƛƴƴƻǾŀǘƛƻƴ ŎƘƛŜŦ tapping autonomous driving ŀǎ ±ŀƭŜƻΩǎ Ƴŀƛƴ ƎǊƻǿǘƘ ŘǊƛǾŜǊ ōȅ 2020. The 
auto supplier showed off its eCruise4U automated concept at CES 2017, equipped with connected camera 
and laser sensors as well as a reconfigurable cockpit. Valeo also showed its Driv4U Remote concept which 
is used to remotely control autonomous vehicles strictly when needed for safety reasons, and Valeo 
Voyage XR which is able to simulate the virtual presence of a person ς based in a fixed location ς on board 
the autonomous vehicle during the journey at CES 2019. 
 
 

  
Volkswagen: ¢ƘŜ DǊƻǳǇΩǎ ƘŜŀŘ ƻŦ ŘƛƎƛǘŀƭƛȊŀǘƛƻƴ ŀǎǎŜǊǘǎ ǘƘŀǘ ǎelf-ŘǊƛǾƛƴƎ ŎŀǊǎ ǿƛƭƭ ōŜ άŎƻƳƳƻƴǇƭŀŎŜέ ōȅ 
2025. In 2019, Volkswagen begins to test automated driving Level 4 at real driving conditions in major 
German cities. For now, a fleet of five e-Golf, equipped with laser scanners, cameras, ultrasonic sensors 
and radars, drives on a three-kilometer section of the digital test bed for automated and connected driving 
in Hamburg. The partnership of Volkswagen Group and Aurora in 2018 has provided best-in-class expertise 
and experience bringing self-driving cars to the roads quickly, broadly and safely, Aurora is supporting the 
±ƻƭƪǎǿŀƎŜƴ ƎǊƻǳǇ ǘƻ ƳŀƪŜ ǘƘŜƛǊ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŦǳǘǳǊŜ Ψaƻōƛƭƛǘȅ ŦƻǊ ŀƭƭΣ ŀƴŘ ǘƘŜ ǇǳǎƘ ƻŦ ŀ ōǳǘǘƻƴΩ ōŜŎƻƳƛƴƎ 
reality. 
 

 

 

 
The Google Self-Driving Car Project has been one of the most iconic and tenured autonomous vehicle 
programs.  

https://electrek.co/2017/01/24/tesla-enhanced-autopilot-to-fully-self-driving-says-elon-musk/
http://www.informationweek.com/iot/toyota-aims-for-ai-car-features-by-2012/d/d-id/1325976
http://www.autonews.com/article/20150706/OEM02/307069988/everything-will-be-different-with-self-driving-tech
http://tech.co/255149-2017-01
https://cbi-blog.s3.amazonaws.com/blog/wp-content/uploads/2017/05/Valeo.svg_.png
https://cbi-blog.s3.amazonaws.com/blog/wp-content/uploads/2017/05/waymo-logo.png
https://cbi-blog.s3.amazonaws.com/blog/wp-content/uploads/2017/05/fca-logo.jpg
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Through 2016, ²ŀȅƳƻΩǎ testing expanded beyond Mountain View and Austin to Kirkland, Washington in 
February (wet, rainy conditions), and Phoenix, Arizona in April (high temperature, dusty conditions). 
Google also found its first automotive partner in Fiat Chrysler Automobiles (FCA), which remains its only 
disclosed OEM partner as of May 2017. The new Alphabet company publicly revealed its custom-designed 
self-driving hardware in February 2017, planning to sell an integrated hardware and software package. In 
April 2017, Waymo opened signups for the first public tests of its customized Chrysler Pacifica hybrid 
minivans, quickly followed by the aforementioned Lyft partnership. 

 

Thus, we note common deadlines for SAE Level 3 between 2018 and 2021. Afterward, 
Autonomous driving with level 4 will rather be between 2020 and 2025. 

3.2 Technology road map  

There are still many barriers limiting the development of autonomous vehicles which should have a direct 
impact on the Vehicle automation road map: 

¶ Technical obstacles like for example Vehicle localization or Obstacle detection still need 
improvements to guarantee a safe and reliable automation 

¶ Legislative, responsibilities and new economic models are also to be discussed either re-invented 

¶ Last but not least Human Machine relation in terms of situation awareness, acceptance, and 
ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǘƘŜ ǘŀƪŜƻǾŜǊ ǎƛǘǳŀǘƛƻƴǎΧƳǳǎǘ ōŜ ǊŜ-defined. 

 
The Automate project is elaborating some original technological solutions mainly addressing technical and 
obstacles and Human machine relations that should help to remove some of these obstacles. 
The autonomous vehicles architecture includes 3 main steps: Sense, Plane, Act (Figure 7).  These levels are 
supported by 5 main components (Figure 8): Sensors, processors, software algorithms, mapping, and 
actuators. Some of those components are rather mature or close to, on the other hands other components 
like embedded data processing and system management are still under construction.  
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Figure 7: System engineering technology: Sense, Plan, Act 

http://www.theverge.com/2016/2/3/10905774/google-self-driving-cars-test-kirkland-washington
http://www.reuters.com/article/us-alphabet-selfdriving-arizona-idUSKCN0X40KF
https://medium.com/waymo/introducing-waymos-suite-of-custom-built-self-driving-hardware-c47d1714563

















































































































