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

< 21/11/2018 >  Named Distribution Only  

Proj. No: 690705  

Page 1 of 90  

 

  

D4.4 ï TeamMate HMI design, implementation and V&V results from 2 nd  cycle  

Project Number:  690705  

Classification  Public  

Deliverable No. :  D4.4  

W ork Package ( s) :  WP 4 

Milestone:  M3 

Document Version :  Vs. 1.0  

Issue Date:  31.12.2017  

Document Timescale:  Project Start Date: September 1 , 2016  

Start of the Document:  Month 15  

Final version due:  Month 16  

Deliverable Overview :  Main document:  D4.4  

Compiled by:  Jürgen Pichen, ULM  

Authors :  Jürgen Pichen, ULM  
Elisa Landini, REL  

Andrea Castellano, REL  
Tom Reske, HMT  

Technical Approval:  
Fabio Tango, CRF  

Issue Authorisation:  
Andreas Lüdtke, OFF  

â All rights reserved  by AutoMate consortium  
This document is supplied by the specific AutoMate work package quoted above on the express 
condition that it is treated as confidential to those specifically mentioned on the distribution list. No use 

may be made thereof other than expressly authorised by th e AutoMate Project Board . 



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

 

< 21/11/2018 >  Named Distribution Only  

Proj. No: 690705  

Page 2 of 90  

 

DISTRIBUTION LIST  

Copy type 1 Company and Location  Recipient  

T AutoMate  Consortium  all AutoMate  Partners  

   

   

   

   

   

   

   

   

   

   

   

 
  

                                    
1 Copy types: E=Email, C=Controlled copy (paper), D=electronic copy on 
Disk or other medium, T=Team site (Sharepoint)  

 



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

 

< 21/11/2018 >  Named Distribution Only  

Proj. No: 690705  

Page 3 of 90  

 

RECORD OF REVISION  

Date  Status Description  Author  

01.11.2017  Deliverable structure  Jürgen Pichen, ULM  

24.11.2017  Restructuring  Elisa Landini, REL  

   

   

   

   

   

   

   

   

   

   

   

   

   

 
 

  



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

 

< 21/11/2018 >  Named Distribution Only  

Proj. No: 690705  

Page 4 of 90  

 

Table of Contents  
 

1  Introduction  ................................ ................................ .................  8  

2  How the WP4 enablers contribute to the implementation of the 

concept of the project  ................................ ................................ ......  11  

3  Status of WP4 enablers in cycle 2  ................................ ...............  16  

3.1  Information structure  ................................ ................................  16  

3. 2  HMI Strategy  ................................ ................................ ...........  18  

3.3  E6.1 -  Interaction modality  ................................ ........................  29  

3.3.1  Scenario and use case where E6.1 is relevant  .........................  29  

3.3.2  Implementation  ................................ ................................ ...  29  

3.3.3  Dr iver Modelling and Experimental Analysis with DriveGOMS  ....  30  

3.4  E6.2 -  Cluster + audio (visual and audio interaction)  .....................  32  

3.4.1  Scenario and use case where E6.2 is relevant  .........................  32  

3.4.2  Improvements  ................................ ................................ ....  33  

3.5  E6.3 -  Central stack display (visual interaction)  ............................  43  

3.5.1  Scenario and use case where E6.3 is relevant  .........................  43  

3.5.2  Improvements  ................................ ................................ ....  44  

3.6  E6.4 -  Ambient lights  ................................ ................................  45  

3. 6.1  Scenario and use case where E6.4 is relevant  .........................  45  

3.6.2  Improvements  ................................ ................................ ....  46  

3.7  E6.5 -  Augmented reality  ................................ ...........................  48  

3.7.1  Scenario and use case where E6.5 is relevant  .........................  48  

3.7.2  Implementation  ................................ ................................ ...  49  

3.8  E6.6 -  HUD ................................ ................................ ..............  54  

3.8.1  Scenario and use case where E6.6 is relevant  .........................  54  

3.8.2  Improvements  ................................ ................................ ....  55  

4  Validati on  ................................ ................................ ...................  56  

4.1  Overall approach to validation  ................................ ....................  56  

4.1.1  Human to Automation (H2A) Support  ................................ .....  58  

4.1.2  Automation to Human (A2H) Support  ................................ .....  59  

4.2  Integrated HMI Validation  ................................ ..........................  60  

4.2.1  Validation method  ................................ ...............................  60  

4.2.2  Participants ................................ ................................ .........  65  

4.2.3  Results  ................................ ................................ ...............  67  

4.3  E6.1 -  Interaction modality  ................................ ........................  70  

4.4  E6.5 -  Augmented reality  ................................ ...........................  71  



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

 

< 21/11/2018 >  Named Distribution Only  

Proj. No: 690705  

Page 5 of 90  

 

4.4.1  Results  ................................ ................................ ...............  74  

4.4.2  Conclusi on of this experiment  ................................ ...............  78  

4.5  E6.7 ï Ambient lights  ................................ ................................  82  

4.5.1  Validation method  ................................ ...............................  82  

4.5.2  Results  ................................ ................................ ...............  84  

5  Conclusion  ................................ ................................ ..................  88  

6  References  ................................ ................................ ..................  90  

 

 



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

< 21/11/2018 >  Named Distribution Only  

Proj. No: 690705  

Page 6 of 90  

 

 

List of figures  
 
Figure 1: Project cycles, milestones and link between enablers (WP2, WP3 

and WP4) and demonstrators (WP5 and WP6) ................................ .....  9  

Figure 2: Schematic representation of the overall concept of the project  ....  12  

Figure 3: State machi ne that shows how the cooperation is implemented  ..  13  

Figure 4: Example DriveGOMS -model.  ................................ ...................  31  

Figure 5: Instrument cluster in Manual Mode  ................................ ..........  34  

Figure 6: Instrument cluster in A2H support in perception (state B)  ..........  35  

Figure 7: Instrument cluster in A2H support in action (state D)  ................  36  

Figure 8: Instrument cluster in Automated Mode  ................................ ....  37  

Figure 9: Instrument cluster in H2A support in perception (state A)  ..........  38  

Figure 10: Instrument cluster in H2A support in action  ............................  39  

Figure 11: instrument cluster f in Safe Mode  ................................ ..........  39  

Figure 12: State machine with instrument clusters  ................................ ..  41  

Figure 13: State machine implemented in the HMI software  .....................  42  

Figure 14: Central stack display in Manual mode  ................................ ....  45  

Figure 15 -  Augmented Reality HMI scenario 1: Car following  ...................  51  

Figure 16 -  Augmented Reality HMI scenario 2: Overtaking  ......................  52  

Figure 17 -  Augmented Reality HMI scenario 3: Overtaking forbidden  ........  53  

Figure 18: HUD in Manual Mode  ................................ ............................  55  

Figure 18: overall validation process described in D1.3  ............................  57  

Figure 19 NASA TLX questionnaire  ................................ ........................  63  

Figure 20 Integrated HMI experimental setup  ................................ .........  65  

Figure 21: Age of participants  ................................ ..............................  66  

Figure 22: Gender of participants  ................................ ..........................  66  

Figure 23: Average workload in perception and in action  .........................  69  

Figure 24 Experimental setup of ambient lights validation  ........................  83  

Figure 25: Comparison of overall workload with and without ambient lights  86  



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

< 21/11/2018 >  Named Distribution Only  

Proj. No: 690705  

Page 7 of 90  

 

List of tables  

 
Table 1 How the enablers in W P4 support the cooperation  .......................  15  

Table 2: TeamMate information structure  ................................ ..............  18  

Table 3 HMI strategy: Manual Mode  ................................ ......................  21  

Table 4 HMI strategy: Automated Mode  ................................ .................  22  

Table 5 HMI strategy: H2A support in perception  ................................ ....  23  

Table 6 HMI strategy: A2H support in perception  ................................ ....  25  

Table 7 HMI strategy: H2A support in action  ................................ ..........  26  

Table 8 HMI strateg y: A2H support in action  ................................ ..........  27  

Table 9 HMI strategy: Safe Mode  ................................ ..........................  28  

Table 1 0: Ambient lights strategy for H2A support  ................................ ..  47  

Table 11 Template of integrated HMI validation questionnaire  ..................  62  

Table 12 Requirements for integrated HMI validation ...............................  64  

Table 13: Integrated HMI Requirements Valid ation  ................................ . 67  

Table 14 -  Requirements to be met  ................................ .......................  73  

Table 15 -  Requirements  results  ................................ ...........................  79  

Table 16 Requirements for ambient lights validation ................................  84  

Table 17: Ambient lights validation results  ................................ .............  85  

 

  



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

 

< 21/11/2018 >  Named Distribution Only  

Proj. No: 690705  

Page 8 of 90  

 

1  Introduction  

The activities in the Automate project ha ve  been organized in 3 cycles to 

guarantee that the maturity of the technologies developed in the project is 

iteratively increased while assessing that the progresses are consistent with 

the needs of the demonstrators and, in turn, with the overall concept a nd 

objectives of the project.  

As shown in Figure 1, the  first 2 cycles are focused on the development and 

technical validation of the components (i.e.  the enablers) performed in WP2, 

WP3 and WP4. The experience acquired in the 1 st  cycle (lesson learnt) has 

been used  at the beginning of the 2 nd  cycle to review the requirements and 

metrics for the design and development of the enablers and, as a 

consequen ce, to improve them.  

At the end of the 2 nd  cycle, the enablers are planned to be integrated into the 

demonstrators in WP5, and the performances of the 1 st  version of the 

demonstrators are evaluated against their baseline in WP6.  

In the 3 rd  cycle, WP2, WP3 and WP4 are fed with the results of this 

evaluation process to deliver the final version of the enablers. The 3 rd  cycle 

ends with the evaluation of the final version of the demonstrators.  

This deliverable describes the current state of the enablers developed in WP 4 

in the first half of the 2 nd  cyc le, as well as the experiments conducted and 

proposed to technically validate them according to the validation plan and 

the requirements and metrics defined in D 4.3 . 
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 Figure 1: Project cycles, milestones and link between enablers (WP2, WP3 and WP4) and demonstrators (WP5 and WP6)  
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The development of all enablers follows the same process for WP2, WP3 and 

WP4. Therefore, the deliverable D2.4, D3.5 and D4.4 that describe the status 

of the  development and validation of the enablers have been structured with 

the same chapters to reflect the common (parallel) process followed in WP2, 

WP3 and WP4 to deliver all enablers in time to be integrated in to  the 

demonstrators.  

This deliverable includes  5 chapters:  

¶ Chapter 1: Introduction  

¶ Chapter 2: How the WP4 enablers contribute to the implementation  of 

the concept of the project  

¶ Chapter 3: Status of WP4 enablers in cycle 2  

¶ Chapter 4: Validation  

¶ Chapter 5: Conclusion  
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2  How the WP4 enablers contribute to the implementation 

of the concept of the project  

The top - level objective of AutoMate is to develop, evaluate and demonstrate 

the ñTeamMate Carò concept as a major enabler of highly automated 

vehicles . 

This concept consists of considering the  driver and the 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. 

As a consequence, in order to show how the enablers contribute to the 

implementation of this concept, it is important to briefly explain why the 

cooperation is needed, and how the human and the automation  can support 

each other to create a safe, efficient and comfortable driving experience.  

As shown in Figure 2, both the  human and the automation have limits  that 

can negatively affect the safety as well as the efficiency, the comfort, the 

trust and the acceptance of the autonomous driving.  

For  the human,  the limits are often related to his/her driving  performance: 

they are likely to  affect the safety, and  cause  accidents.  

For the automation , the limits, mostly at perception  and decision level, may 

affect the efficiency and the comfort of the trip, and th en, in turn, the 

acceptance of the automation.  

The AutoMate approach is based on the mutual complementarity  between 

the driver and the automation :  this support is achieved through the 

cooperation between the team members .  



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

 

< 21/11/2018 >  Named Distribution Only  

Proj. No: 690705  

Page 12  of 90  

 

 

Figure 2: Schematic representation of the overall concept of the project  

While t he Automation to Human support  (A2H) is used  to complement  the 

human limits , the Human to Automation (H2A) is implemented  to allow the 

driver to support  the automation  to overcome its  limits.  

The complementarity between the driver and the automation is the 

conceptual solution to compensate the reciprocal limitation s, while the  

cooperation is how the complementarity is implemented. Figure 3 shows how 

both the A2H and the H2A support  can be implemented in perception (state 

A and B) and in action (state C and D).  
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Figure 3: State machine that  shows how the cooperation is implemented  

 

The innovative solution developed in AutoMate is to provide , through the 

HMI , a support that doesnôt not request  a transition of control, but only a 

support in perception to compensate that specific limit.  

The scenarios and use cases selected  to demonstrate the relevance  of each 

enabler  are  therefore representative and consistent with the direction of 

cooperation im plemented by that enabler, as well as the modality of support 

(i.e. either in action or perception).  

Since the cooperation is implemented through  the enablers developed in the 

project,  

Table 1  shows the role and relevance of each enabler in the cooperation.  
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WP  ID  Enabler  
Enabler 

Owner  
Aim of the enabler  

Direction of support  

Automation to 

Human  

Human to 

Automation  

WP4 

Enabler 6: HMI  

E6.1  Interaction modality  ULM 

Define the best way to 

allow the driver to 
provide feedback to the 
HMI  

 

In perception 

and in action 
(negotiation -

based HMI)  
to allow  the driver 

to answer the 

request of support 
of the automation  

E6.2 
Instrument Cluster  

+ audio  
REL 

Show information on 
driving - related features  

and request of support.  

In perception  
and in action  

(warning -
based HMI)  

either to inform 

the driver about 
a potential risk  

or to take the 
control of the 

vehicle  

In perception 

and in action 
(negotiation -
based HMI)  

to ask the driver 
either for support 

in perception or in 
action  

E6.3 Central Display  REL 

Show information and 
allow interaction with 

non -driving - rel ated 
features.  

In perception 

(warning -
based HMI)  

to inform the 
driver about a 
potential risk  

In perception 
and in action 

(negotiation -
based HMI)  

to ask the driver 
either for support 
in perception or in 

action  

E6.4 Ambient lights  
ULM  

REL 

Reinforce the 

awareness of an 
information.  

  

In perception 

and in action  
to improve the 
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communication of 
the expected 

support  

E6.5 Augmented Reality  HMT 

Show information on 

the windshield to 
improve their 

comprehensibility (for 
simulators only).  

In perception 
(warning -

based HMI)  

to inform the 
driver about a 

potential risk  

In perception 

and in action 
(negotiation -
based HMI)  

to ask the driver 
either for support 

in perception or in 
action  

E6.6 HUD REL 

Show information on a 
small area in the 

windshield, to increase 
the ñeyes-on- the -roadò 
factor.  

In perception 
(warning -

based HMI)  
to inform the 

driver about a 
potential risk  

In perception 
and in action 
(negotiation -

based HMI)  
to ask the driver 

either for support 
in perception or in 

action  
 

Table 1 How the enablers in WP4 support the cooperation  
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3  Status of WP4 enablers in cycle 2  

In th is chapter, the status of the HMI at the end of the 2 nd  cycle  is described. 

In particular, the improvements com pared to the first cycle are highlighted. 

Furthermore, in order to clarify how the enablers are able to support the 

cooperation and then to be consistent with the concept, the enablers have 

been linked to scenarios and use cases. For each enabler, a use ca se has 

been selected and the role of the module (part of enabler 6 ï TeamMate 

HMI) has been described.  

Since the concept affects the overall information structure and the HMI 

strategy, next section describes the new information structure updated  in the 

2nd  cycle  to be consistent with the states described in the state machine.  

 

3.1  Information structure  

The information structure is the mean s to select the information to be placed 

in the HMI. For each HMI state, the information needed to perform specific 

task s have been chosen to be place on the HMI.  

The driverôs expected behavior has been defined through a task partition: 

each subtask served  as input to define the HMI element to be designed and 

implemented on the interface, i.e. to create the HMI strategy.  

Table 2 shows the TeamMate information structure for the 2 nd  cycle.  

 

HMI state  Main driver task  Subtask  

Manual Mode  

Driving  

Handle the current speed  

Be aware of the RPM  

Check the vehicle state  

Be aware of the automation state  

Monitoring  

 

Be aware of the long - term 

surrounding situation  

Be aware of the estimated time 



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

 

< 21/11/2018 >  Named Distribution Only  

Proj. No: 690705  

Page 17  of 90  

 

to arrival  

Entertainment  

Manage phone calls  

Manage multimedia 
entertainment functions  

Automated Mode  

Possible Monitoring  

Be aware of the current speed  

Check the vehicle state  

Be aware of the possible events 

for disengagement  

Check the estimated time to 
arrival  

Be aware of the automation state  

Entertainment  

Manage phone calls  

Manage multimedia 

entertainment  

Select menu settings  

A 
H2A Support in 

perception ( in  
Automated Mode)  

Monitoring  

Check the current speed  

Check the vehicle state  

Check the automation state  

Support the 

automation  

Be aware about what kind of 

support the automation needs  

Trigger the support  

Entertainment  
Manage basic multimedia 

functions  

B 

A2H support in 
perception ( in 

manual driving)  

Driving  

Handle the current speed  

Be aware of the RPM  

Check the vehicle state  

Be aware of the automation state  

Receive a support 

from the automation  

Understand the meaning of the 

support from the automation  

C 

H2A support in 
action ( in  

Automated Mode)  

Monitoring  

Be aware of the current speed  

Check the vehicle state  

Be aware of the automation state  

Understand the 

expected support, 

i.e. the transition  

Receive the explanation of the 
expected support  

Be aware of the expected 
behaviour  

D 
A2H support in 

action  ( in 
manual driving)  

Monitoring  

Handle the current speed  

Be aware of the RPM  

Check the vehicle state  

Understand the 
support needed  

Be aware of the automation state  

Be aware of the support received  

Be aware of the reason of the 
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support needed  

Entertainment  

Limited access to entertainment 

functions (due to potential critical 
situation)  

Safe Mode  

Information needed 

only if the driver 
comes back into the 

loop  

Check the current speed  

Be aware of the RPM  

Check the vehicle state  

Check the automation state  

Be aware of the safe manouver  

Table 2: TeamMate information structure  

  

The major improvement of the information structure has been to make it 

consistent with the updated  HMI state machine. The HMI state machine 

represented in chapter 2 foresees  the introduction of new states (according 

to the direction and the type of coopera tion) and the removal of some of the 

previous states (i.e. the emergency mode). Moreover, a new state, the Safe 

Mode has been introduced, when the driver is not able to handle the take -

over request and the car activates a recovery action, i.e. a minimum ri sk 

manoeuvre . 

For  the information structure , only the elements useful to increase the 

driverôs awareness and  to enable the cooperation  have  been select ed.  

3.2  HMI Strategy  

On the basis of th e information structure created to ensure the correct 

distribution of information to the driver (according to the different tasks 

he/she is expected to perform in each state) , a HMI strategy has been 

defined. For each driving mode, the driverôs macro- tasks and subtasks have 

been related to an HMI element, aimed at  explain ing  the requested  or 

offered support.  

The main objective of the HMI strategy was to deploy the concept of the 

project on each  enabler, i.e. to use the HMI as a mean s to enable the 

cooperation between the driver and the automation.  
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Since, as stated in the co ncept, the cooperation is bidirectional, two levels of 

communication were defined:  

¶ When the direction of the support is from the automation to human , 

the communication is warning - based ;  

¶ When the direction of the support is from the human to the 

automation , the communication is negotiation - based . 

As a consequence,  two very different HMIs have been conceptualized, 

designed and implemented.  

Through the warning -based HMI the automation  offers a support  to the 

driver  (in perception or in action). This interface has a more typical 

structure, since the automation - to -human support is the archetypal 

paradigm used in automotive HMI industry and research.  

Trough the negotiation -based HMI the automation  requests a support 

fr om the driver , in particular when the request of support is in perception. 

This interface is used when the automation , detecting its own limits, asks a 

sensorial help to the driver to compensate them; the HMI state that 

represents this request is the state  A -  human to automation support in 

perception. In order to adapt the information to the complexity of the 

situation, different elements (instrument cluster, audio messages, ambient 

lights) have been combined into an integrated HMI designed to make the 

dri ver aware of five levels of information:  

1.  The current state  of the automation;  

2.  Which of the two agents (the human or the automation) has a limit, in 

order to be aware of the direction of the cooperation ;  

3.  What is the ñmeta-messageò, i.e. if the vehicle needs support in 

action or in perception;  

4.  What is the message , i.e. what is the req uested/offered  support;  
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5.  What will be the next HMI state  after the support.  

To cover all these levels of information and to ensure an effective 

cooperation, different elements was designed.  

Each element  has  been placed on the most suitable device. As a gene ral 

approach, the driving related information (and , in particular , the information 

related to the cooperation) have been placed on the instrument cluster, non -

driving related information have been placed on the central display (or on a 

separated device, i. e. on a nomadic display  like a tablet ).  

Other elements of information were used as a mean s to improve the 

comprehension of the message or to reduce the cognitive work load 

requested to the driver :  

¶ the ambient lights have been used as a tool to reinforce th e 

comprehension of the cooperation and to discriminate the type of 

cooperation  (in perception or in action).   

¶ the Augmented Reality (AR)  functionalities have been used to inform 

the driver about the vehicleôs intention (e.g. the intention to overtake) 

¶ the Head -Up Display ( HUD) , as alternative to AR, was used to inform 

the driver about a possible danger or a disengagement.  

 

The  following tables  show  the HMI strategy defined for  the 2 nd  cycle.  
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Manual Mode  
 

Main driver task  Subtask  
Infor mation / HMI 

element  
Device / Display  

Driving  

Handle the current speed  Speedometer  Cluster, HUD  

Be aware of the RPM  RPM Cluster , HUD  

Check the vehicle state  Icons, telltales  Cluster  

Be aware of the automation state  Automation State Label  Cluster  

Monitoring  

Be aware of the long - term surrounding 

situation  
Map  Cluster, HUD  

Be aware of the estimated time to arrival  ETA Cluster  

Entertainment  

Manage phone calls  Phone icon and label  Central display  

Manage multimedia entertainment 
functions  

Radio and multimedia 
functions  

Central display  

Table 3 HMI strategy: Manual Mode  

 

In Manual Mode the driver resources are focused on driving. In order to avoid possible distractions, in the HMI 

are placed only elements useful for the primary task.  

The focus of the driver should be on the vehicle state and on the road. Since the most us eful information for 

the driver in Manual Mode is the map, this element has a central role in the instrument cluster: this topic, the 

Navigation Centered Display Cluster, has been confirmed from the 1 st cycle being one of the pillars for the HMI 

development, as defined also in the Description of Work.  

In Manual Mode the driver will be able to manage only basic functions, i.e. only entertainment features and 

phone calls: other functionalities are not achi evable in this mode. As shown in the state machine, from the 

Manual Mode (a stable mode) the driver can receive two different types of support from the Automation: if the 
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driverôs limit is in perception, the HMI activates the support in perception (state B), if the limit is in action, with 

possible consequences on safety, the HMI offers a support in action (state D).  

 
Automated  Mode  

 Device / Display  

Main driver task  Subtask  Information  
Driver 

attentive  
Driver 

distracted  

Possible 
Monitoring  

Be aware of the current speed  Resized Speedometer  Cluster  Cluster  

Check the vehicle state  Icons, telltales  Cluster  Cluster  

Be aware of the possible events 

for disengagement  
Trip representation  Cluster  

Cluster  

Check the estimated time to 
arrival  

ETA Cluster  
Cluster  

Be aware of the automation 
state  

Automation State 
Label  

Cluster  
Cluster  

Entertainment  

Manage phone calls  Phone icon and label  Central display  
Central 

display  

Manage multimedia 

entertainment  

Radio and multimedia 

functions  
Central display  

Central 

display  

Select menu settings  Menu settings labels  Central display  
Central 
display  

Table 4 HMI strategy: Automated Mode  

 

When the automation is in charge of the vehicle control, the driver is asked to stay in the loop only when a 

support is needed. In this modality, the driving related information are limited to basic functions such as speed 
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and telltales . The driver should be aware only on the  predictable conditions that can lead to a request of 

support from the vehicle.  

Consistently with what has been defined in the 1 st  cycle, in this Mode all the entertainment functionalities are 

achievable since the management of these functions is the primary task for the driver.  

 

 
H2A Support in perception  (A)  

 Device / Display  

Main driver task  Subtask  Information  
Driver 

attentive  
Driver 

distracted  

Monitoring  

Check the current speed  Resized speedometer  Cluster  Cluster  

Check the vehicle state  Icons, telltales  Cluster  Cluster  

Check the automation 

state  
Automation State Label  Cluster  Cluster  

Support the 
automation  

Be aware about what 
kind of support the 

automation needs  

Support representation  
Cluster  + 
audio + 

ambient lights  

Cluster  + 
audio + 

ambient lights  

Trigger the support  
Feedback from driver to 

automation  
TBD TBD 

Entertainment  
Manage basic multimedia 

functions  
Functions labels  

Central 

display  

Central 

display  

Table 5 HMI strategy: H2A support in perception  
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The ñH2A support in perceptionò state starts  in  Automated Mode, when the 

automation has a limit in perception and recognize not  to  be able to handle 

the situation in the most effective way. Since the driver could be distracted, 

an integrated HMI strategy was designed: this means that the enabl ers for 

the HMI  are combined with e ach other, to improve the comprehension of the 

expected support. In this mode, the message should be complex enough to 

match the complexity of real driving scenarios.  

In addition to the information given to be aware about the vehicle state, 

since in this m ode a cooperation (in the form of negotiation) is needed, an 

explanation of the automationôs limit and a suggestion about the requested  

support are presented to the driver.  

The HMI strategy described in Table 5 represents  only the information given 

by the vehicle to the driver. One of the task s of this 2nd  cycle was to design 

and validate the most effective interaction moda lity to enable the 

communication in the opposite direction, i.e. from the driver to the 

automation. The design suggestions and the validation results are described 

in the next chapters of this deliverable. These results will serve as a basis to 

design the interaction in the opposite direction, i.e. how the driver should 

give his/her feedback and inputs to the automation.  
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A2H Support in perception  (B)  
 

Main driver task  Subtask  
Information / HMI 

element  
Device / Display  

Driving  

Handle the current speed  Speedometer  Cluster  

Be aware of the RPM  RPM Cluster  

Check the vehicle state  Icons, telltales  Cluster  

Be aware of the automation state  Automation State Label  Cluster  

Receive a support 

from the 
automation  

Understand the meaning of the support from 
the automation  

Support representation  
Cluster , separated 
device (e.g. tablet)  

Entertainment  

Manage phone calls  Phone icon and label  Central display  

Manage multimedia entertainment  
Radio and multimedia 
functions  

Central display  

Select menu settings  Menu settings labels  Central display  

Table 6 HMI strategy: A2H support in perception  

 

When the automation detects a hum an limit, it offers a support in perception to the driver. In this case the 

cooperation is not based on negotiation, but it is warning -based. The objective of the communication is to 

make the driver aware about the support given by the automation, and to exploit the support to overcome 

his/her limits. In addition to the i nformation presented in Manual Mode (the stable state from which this state 

starts) a representation of the content of support is shown on the instrument cluster to inform the driver about 

the support. Entertainment functionalities, shown on the central st ack display, are the same as those of Manual 

Mode state.  
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H2A Support in action  (C)  

 Device / Display  

Main driver task  Subtask  Information  
Driver 

attentive  
Driver 

distracted  

Monitoring  

Be aware of the current speed  Speedometer  Cluster  Cluster  

Check the vehicle state  Icons, telltales  Cluster  Cluster  

Be aware of the automation state  
Automation State 

Label  
Cluster  Cluster  

Understand the 

expected support, 
i.e. the transition  

Receive the explanation of the 

expected support  

Message about 

support  

Cluster  + 
audio,  

HUD 

Cluster  + 
audio,  

HUD 

Be aware of the expected 

behavio ur  

Message about 

expected behavior  

Cluster +  

Ambient lights  

Cluster +  

Ambient lights  

Table 7 HMI strategy: H2A support in action  

 

This state replaces the ñTake-over stateò described in D4.2. When the TeamMate car is driving in Automated 

Mode and notes that is not able to handle a situation, a cooperation in action in the form of take -over request  

is shown. In order to improve the effectiveness of the transition of control the car should be able to explain the 

situation that conducted to the transition, explaining implicitly the limit which led to the request of support.  

Since this is a potentiall y critical situation, entertainment functions and information not directly linked to the 

transition are minimized to reduce driverôs distraction.  

In this mode, the comprehension of the expected support is reinforced by the ambient lights. The ambient 

ligh ts have a double goal:  

(i)  reduce the mental demand for the detection of the support needed by the automation  (perception 

or action) ;  
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(ii)  distinguish the type of support needed by the automation, in order to adapt his/her behavior. In 

this case, since the ambient lights in addition to the other information is used to inform the driver 

about a possible critical situation (i.e. a support in perception is not enough and a transition of 

control is needed), a color which indicates a potential danger (yellow) is used.  

 

A2H Support in action  (D)  

 

Main driver task  Subtask  
Information / HMI 

element  
Device / Display  

Monitoring  

Handle the current speed  Speedometer  Cluster  

Be aware of the RPM  RPM Cluster  

Check the vehicle state  Icons, telltales  Cluster  

Be aware of the automation state  Automation State Label  Cluster  

Understand the 

support, i.e. the 
handover  

Be aware of the support received  Support representation  Cluster  + audio  

Be aware of the cause of the support needed  Message about support  Cluster  + audio  

Entertainment  
Limited access to entertainment functions (due 

to potential critical situation)  

Radio and multimedia 

functions  
Central display  

Table 8 HMI strategy: A2H support in action  

 

The Automation to Human support in action occurs when the automation, detecting a human limit, takes the 

control of the car. In this state the HMI, coming from Manual Mode, has the same structure with the addition of 

the information of the ongoing transition.  

Due to the relevance of this kind of information, a multimodal strategy has been designed: the message and 

the representation in the instrument cluster is reinforced and explained by a vocal message in natural 
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language. The message about the transition ong oing has a central role in the HMI: other information (e.g. 

entertainment functions) can be reached and handled with limitations.  

 
 

Safe Mode  
 

Main driver task  Subtask  
Information / HMI 

element  

Device / 

Display  

Information 

needed only if the 

driver comes back 
into the loop  

 

Check the current speed  Speedometer  Cluster  

Be aware of the RPM  RPM Cluster  

Check the vehicle state  Icons, telltales  Cluster  

Check the automation state  
Automation State 
Label  

Cluster  

Be aware of the safe manouver  
Warning (safe 

manouver activated)  
Cluster  

Table 9 HMI strategy: Safe Mode  

 

As represented in the state machine (see Chapter 2) the Safe Mode is activated when the automation is not 

able to handle a situation (limits in action) and a transition of control from the automation to the driver fails.  

In order to avoid possible consequences on safety, this state has t he  goal of conduct ing  smoothly the car into a 

safe stop, for example with a minimum risk manouver. Since the Safe Mode is generated by a failure of the 

transition, i.e. an alignment of automation and human limits, the driver is expected to be out of the loop: the 

role of the H MI is to show information that the driver could need in case he/sheôll be able to come back into the 

loop and react.  
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3.3  E6.1 -  Interaction modality  

3.3.1  Scenario and use case where E6. 1  is relevant  

As shown in  

Table  1, Enabler  E6.1 is needed to implement a support from the driver to 

the automation in perception and in action to allow the driver to answer the 

request of support of the au tomation . 

One of the use cases of PETER scenario has been revised to highlight and 

clarify the role of E6.1 to implement the H2A support.  

 

Peter is driving in a narrow rural road in Automated  Mode. The car, arriving 

behind a tractor, detects that it obstru cts the view . T herefore, the vehicle is 

not confident of the available space sideways to overtake the tractor, due to 

a limit in perception. Since the vehicle is not sure about the possibility to 

overtake, it would follow the tractor for several kms (it kn ows they are 

several kms because of the map) performing an ñover-safeò manouver, until 

the  road is wider.  The  TeamMate car ask s Peter to check  if there is enough 

spae to overtake . When Peter confirms there is enough space, the TeamMate 

car performs the overtake in Automated Mode.  

3.3.2  Implementation  

During the 1st  cycle , the concept of a multimodal interface with different 

input modalities was designed in WP4. To test the different input modalities, 

the PETER scenario was implemented into the ULM  driving simulator. Three 

input modalities were chosen to be tested against each other concerning 

their Usability and the safe assurance by the driver.  

The first input modality is the natural way of initiating the overtaking 

maneuver. The driver has to press the indicator to the other lane and turn 

the steering wheel a bit into the same direction. These are the actions that 
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also have to be taken while dri ving and manual mode and starting an 

overtaking maneuver.  

The second interaction method is the central touch display. This should 

represent the most common way of interacting with the car in current state 

of the art vehicles.  

The last interaction style, is a gesture that the driver must perform with the 

right hand somewhere in the middle of the car. This interaction style is 

implemented as a wizard -of -Oz action where the researcher has to initiate 

the overtaking on runtime on the operating computer of the  simulation.  

3.3.3  Driver Modelling and Experimental Analysis with DriveGOMS  

In order to gain a detailed understanding of the driversô behaviour, and 

explain possible differences in the experimental outcome, the driver 

behaviour is modelled with a task analytica l approach. Conducting empirical 

studies can uncover very well effects between different ADAS design 

variants, but the deeper reason behind these effects can remain hidden from 

the researcher.  

DriveGOMS is a task analytical method which uses an establishe d goal -

operator -approach to model the driving task (Käthner, Andree, Ihme & 

Drewitz, 2015). The basic approach is to describe the driving task and any 

other task executed in parallel using a set of operators applied by the user to 

achieve specific goals. T hese operators are assigned to a cognitive, 

perceptual and manual level. To give an impression what such a model can 

look like, Figure 4 depicts a ver y simple model showing how a minimum 

brake reaction time could be calculated.  
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Figure 4: Example DriveGOMS -model.  

 

The use of this method will support the choice of the best interaction 

strategy. To build the required models, dedicated trials have been conducted 

with the original experiment as a basis.  Five subjects drove parts of the 

course, while concurrently saying out loud what they were doing, and why. 

This ñThinking Aloudò method (Kªthner, B¿hring & Ihme, 2017) is an 

effective yet easy way to understand driversô motivations and cognitive 

processes. The resulting protocols serve to model the cognitive operators as 

well as provide context to the perceptual operators.  

We are currently in the process of preparing the d ata for analysis and 

constructing the models. The results will be available early next year, in 

order to support the decision for or against certain design alternatives.  
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3.4  E6.2 -  Cluster + audio (visual and audio interaction)  

3.4.1  Scenario and use case where E6.2  is relevant  

As shown i n  

Table  1, Enabler E6.2 is needed to implement both directions of support:  

¶ from the human to the automation (H2A) to allow the automation to 

request  the driver either for support in perception or in action  

¶ from the automation to the driver (A2H) to offer a support either in 

perception or in action  

One of the use cases of EVA scenario has been revised to highlight and 

clarify the r ole of E6.2 to implement the H2A support.  

 

The TeamMate car is driving in Automated Mode. When it approaches a 

roundabout, it detects high traffic flows that can affect the efficiency (i.e. the 

TeamMate car evaluates that it may take some time to enter the  roundabout 

in Automated Mode). To speed up the manouver, the TeamMate car requests  

a cooperation in perception, asking EVA to check the available space and to 

provide a trigger to start the manouver. Eva checks the traffic and gives the 

confirmation to enter the roundabout. The TeamMate car understan ds the 

feedback and performs the manouver in Automated Mode.  

 

One of the use cases of PETER scenario has been revised to highlight and 

clarify the role of E6.2 to implement the A2H support.  

 

Peter is driving in a narrow rural road in Manual Mode. He approaches a 

tractor, that causes limited visibility or the road. Th e TeamMate car detects a 

car approaching from the opposite lane. Since Peter is not aware of the car, 

he decides to overtake, and the TeamMate car detects his intention. In order 
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to avoid an imminent collision, the TeamMate car informs Peter about the 

appr oaching vehicle and warns him about the risky manoeuvre. Peter 

suddenly becomes aware of the risk, and he does not perform the overtake 

until it is safe.  

3.4.2  Improvements  

Since the instrument cluster has been selected as the principal means  to 

enable  the coope ration, the major improvements from the 1 st  cycle 

concerned this tool.  

The most important adjustments of the cluster design have covered its 

alignment to the concept and the resulting HMI strategy. The HMI modes 

defined in the 1 st  cycle have been updated t o be in line with the different 

types and directions of support.  

A more complex and detailed description of the support offered or requested  

by the automation was integrated in the 2 nd  cycle, including the addition of a 

ñwhy-layerò in the negotiation-based  HMI to explain the motivations (i.e. the 

limit) that conducted to the need of support.  

In Manual Mode the driver should be aware of the long - term situation. Only 

minor changes have been applied, since in this state there is  no  need for 

cooperation.  



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

 

< 21/11/2018 >  Named Distribution Only  

Proj. No: 690705  

Page 34  of 90  

 

 

Figure 5: Instrument cluster in Manual Mode  

 

In A2H support in perception (i.e. when the automation detects a human 

limit and offers a support in perception), a warning -based HMI was designed. 

Starting from Manual Mode a warning is shown to the driver to make the 

driver aware about the potential dangerous situation caused by his/her 

distraction.  

The instrument cluster for this state (state B) is shown in Figure 6. 


















































































































