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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 " 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 ™ 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 ™ cycle, WP2, WP3 and WP4 are fed with the results of this
evaluation process to deliver the final version of the enablers. The 3 d 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 cycle, 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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TeamMate Concept &
T1.1 Definition of TeamMate Car Framework

T1.2 Scenario and use-case development

T1.3 Definition of requirements, KPis & Baseline Car

—

T1.4 Security, Safety & Legal lssues

Driver & Situation

for

Design and implement AUTOMATE sensor and communication platiorm

T
4

Build and integrate driver models

i

Build and integrate situation models

I

FIFIFIEIR]

.5 Verify and validate models

Adaptive & Safe Driving Strategies

T3.1 Define metrics and plan for VAV of the resuiting techniques and software compondg

73.2 Specify basic driving manceuvres and appropriate principles for driving task allocat]

3.3 Develop algorithms for anline risk assessment

nj
‘o [t i e [t e e 9

et

& Develop algorithms for trajectory planning and execution

alzlzlz

5 Develop g algo: the driv-er

WINNN]

il
minin)

6 Verify and validate the techniques and software components

T4.1 Define metrics and plan for VAV for the TeamMate HMI software

74.2 Design of a new information structure and multi-modal interaction concept for the|

4.3 Design of a safe and robust strategy for the hand-over of vehicle control

Mg

4.4 Implementation of the TeamMate HMI

T
1
T
LT

4.5 Verify and validate the techniques and software components incl. fieid tests

Specify TeamMate system architecture & TeamMate Extension SOK

Implement TeamMate system architecture incl APY

TeamMate Extension SOK

4 Develop Baseline Car and integrate TeamMate technologies & develop demanstrat]

.5 Perform data exchange and functional tests

IFEIE] -JI-J A

6 Perform tests of the TeamMate Extension SDK

Define the methodology for evaluation

2 Implement the scenarios in simulators and on test tracks

Perform comparative evaluation on test tracks

FIEEIEIED

5 Assess project progress on all objectives

77.1 Perform Data May

7.2 Perform Dissemination & Communication

i & Innovation

T7.4 Establish AutoMare Innovation Ecosystem

T7.5 Clustering and liaising with other relevant RDI projects

Project Management
T8.1 Administrative Management incl. Financial Control

T8.2 Technical and Risk Management |

8.3 Preparation of the Progress Reports 1

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:
1 Chapter 1: Introduction

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

the concept of the project
1 Chapter 3: Status of WP4 enablers in cycle 2
1 Chapter 4: Validation

1 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

t he ATeamMat e Car o concept as a maj or
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

<21/11/2018 > Named Distribution Only Page 11 of 90
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Problem

<

Human limit

Automation limit

Efficiency,

comfort,
acceptability

Complementarity

Automationto
Human

Human to
Automation

cooperation (A2H) cooperation (H2A)

Solution

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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Safe
Manouver

&
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Manual Automatic
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\ 4
A2H R S~ A2H e
support in / ~———  support

perception / e in action

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 t hrotreqdeste s ransition 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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Direction of  support
Enabler : .
WP ID Enabler Aim of the enabler Automation to Human to
Owner .
Human Automation
Enabler 6: HMI
In perception
and in action
Define the best way to (negotiation -
. . allow the driver to based HMI)
E6.1 Interaction modality ULM provide feedback to the to allow the driver
HMI to answer the
request of support
of the automation

In perception

and in action In perception
(warning - and in action
. . based HMI) (negotiation -
Show information on . .
Instrument  Cluster L either to inform based HMI)
E6.2 : REL driving -related features : :
+ audio the driver about to ask the driver
WP4 and request of support. L .

a potential risk either for support
or to take the in perception or in
control of the action

vehicle
In perception
In perception and in action
Show information and (warning - (negotiation -
: allow interaction with based HMI) based HMI)
E6.3 Central Display REL non -driving -related to inform the to ask the driver
features. driver about a either for support
potential risk in perception or in
action
ULM Reinforce the In perception
E6.4 Ambient lights awareness of an and in action
REL . . )
information. to improve the
<21/11/2018 > Named Distribution Only Page 14 of 90
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communication of
the expected

t he
factor.

i -ory-thes-r 0 a

to inform the
driver about a
potential risk

support
In perception
Show information  on In perception and in action
the windshield to (warning - (negotiation -
. . . based HMI) based HMI)
E6.5 Augmented Reality HMT improve their . :
comprehensibility  (for tq inform the t_o ask the driver
simulators only) driver about a either for support
y). potential risk in perception or in
action
In perception
Show information on a In perception and in action
small  area  in  the (warning - (negotiation -
E6.6 HUD REL windshield, to increase based HMI) 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 i 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

2" 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 driverbés expected behavior has been defi
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

Handle the current speed

Be aware of the RPM

Check the venhicle state

Manual Mode Be aware of the automation state
Be aware of the long -term
surrounding situation

Be aware of the estimated time

Driving

Monitoring

<21/11/2018 > Named Distribution Only Page 16 of 90
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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)

Check the current speed

Monitoring Check the vehicle state
Check the automation state
Be aware about what kind of
Support the .
. support the automation needs
automation

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

<21/11/2018 >
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support needed

Limited access to entertainment
Entertainment functions (due to potential critical
situation)

Check the current speed

Be aware of the RPM

Check the vehicle state

Check the automation state

Be aware of the safe manouver

Information needed
only if the driver
comes back into the
loop

Safe Mode

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

dri ver 6 s aamé toenaldeshe 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 4taskd and subtdslks have i ver 6 s
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.

<21/11/2018 > Named Distribution Only Page 18 of 90
Proj. No: 690705




,\\
A AutoMate Automation as accepted and trusted TeamMate to enhance @ f
European traffic safety and efficiency '

()%

Since, as stated in the co  ncept, the cooperation is bidirectional, two levels of

communication were defined:

1 When the direction of the support is from the automation to human

the communication is  warning -based ;

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

automation , the communicationis  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 fi me t-me s s a g ei.e.,if the vehicle needs support in

action or in perception;

4. What is the message ,i.e.whatisthe requested/offered support;

<21/11/2018 > Named Distribution Only Page 19 of 90
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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 anomadic 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
1 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).
1 the Augmented Reality (AR) functionalities have been used to inform
the driver about the vehicleds intention (
1 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 " cycle.
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Manual Mode

Main driver task Subtask ity e il Device / Display
element
Handle the current speed Speedometer Cluster, HUD
Drivin Be aware of the RPM RPM Cluster , HUD
9 Check the vehicle state Icons, telltales Cluster
Be aware of the automation state Automation State Label Cluster
o B_e aware of the long -term surrounding Map Cluster, HUD
Monitoring Situation
Be aware of the estimated time to arrival ETA Cluster
Manage phone calls Phone icon and label Central display
Entertainment Manage multimedia  entertainment Radio and multimedia :
: . Central display
functions functions

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

<21/11/2018 > Named Distribution Only Page 21 of 90
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drivero6s | imit is in perception, the HMI 8g),dfthe iméis ie action,ivkh suppor

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

Automated Mode

Device / Display
Main driver task Subtask Information Drlvg ' . DInYS;
attentive distracted
Be aware of the current speed Resized Speedometer Cluster Cluster
Check the vehicle state Icons, telltales Cluster Cluster
_ Be aware of the possible events . . Cluster
Possible for disengagement Trip representation Cluster
Monitoring - .
Chgck the estimated time to ETA Cluster Cluster
arrival
Be aware of the automation Automation State Cluster
Cluster
state Label
Manage phone calls Phone icon and label Central display ;2;}3'
. Manage multimedia Radio and multimedia . Central
Entertainment ) . Central display :
entertainment functions display
. . : Central
Select menu settings Menu settings labels Central display display

When the automation

Table 4 HMI strategy: Automated Mode

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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support from the vehicle.

Consistently with what has been defined in the 1

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

-

predictable conditions that can lead to a request of

st cycle, in this Mode all the entertainment functionalities are

H2A Support in perception (A)
Device / Display
Main driver task Subtask Information Drlvg ' . UL
attentive distracted
Check the current speed Resized speedometer Cluster Cluster
o Check the vehicle state Icons, telltales Cluster Cluster

Monitoring Check the automation

state Automation State Label Cluster Cluster

Be aware about what Cluster + Cluster +
s Cth kind of support the Support representation audio + audio +

upport the automation needs ambient lights ambient lights

automation

Feedback from driver to

Trigger the support automation TBD TBD
Entertainment Mana}ge basic multimedia Functions labels Qentral Qentral
functions display display

Table 5 HMI strategy: H2A support in perception
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The AH2A support i n gagsy eAptbomated oModetwhenehe
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 automationds | iregudstedand a ¢
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 2" 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 IS O 4 =il Device / Display
element
Handle the current speed Speedometer Cluster
Driving Be aware of thg RPM RPM Cluster
Check the vehicle state Icons, telltales Cluster
Be aware of the automation state Automation State Label Cluster

Receive a support Understand the meaning of the support from

Cluster , separated

from the. the automation Support representation device (e.g. tablet)
automation

Manage phone calls Phone icon and label Central display
Entertainment Manage multimedia entertainment Rad'(.) and multimedia Central display

functions
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 ©
Device / Display
Main driver task Subtask Information D”V.e ' . DI
attentive distracted
Be aware of the current speed Speedometer Cluster Cluster
o Check the vehicle state Icons, telltales Cluster Cluster
Monitoring Automation State
Be aware of the automation state Label Cluster Cluster
Receive the explanation of the Message about Clugter * Clugter *
Understand the expected support support audio, audio,
expected support, HUD HUD
i.e. the transition Be aware of the expected Message about Cluster + Cluster +
behavio ur expected behavior Ambient lights Ambient lights

Table 7 HMI strategy: H2A support in action

This state repl ooweg tshet®Dalde s cWhehthedTeamNateDcdr.isAriving 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 vy critical situation, entertainment functions and information not directly linked to the
transition are minimized to reduce driveroés distraction.
In this mode, the comprehension of the expected support is reinforced by the ambient lights. The ambient

ligh ts have a double goal:

0] reduce the mental demand for the detection of the support needed by the automation (perception
or action) ;
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(i) 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 Leiiflueluy (il Device / Display
element

Handle the current speed Speedometer Cluster

Monitorin Be aware of the RPM RPM Cluster
g Check the vehicle state Icons, telltales Cluster

Be aware of the automation state Automation State Label Cluster
Understand the Be aware of the support received Support representation Cluster + audio
support, i.e. the :
handover Be aware of the cause of the support needed Message about support Cluster + audio

. Limited access to entertainment functions (due Radio and multimedia .

Entertainment . . o ) Central display

to potential critical situation) functions

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 IR § [l De_V|ce /
element Display
Check the current speed Speedometer Cluster
Information Be aware of the RPM RPM Cluster
needed only if the Check the vehicle state Icons, telltales Cluster
driver comes back AL fion Stat
into the loop Check the automation state L;Jboerlna lon State Cluster
Be aware of the safe manouver Warning (safe_ Cluster
manouver activated)

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 ofthe H MI i s to show information that the driver could need

loop and react.
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3.3 E6.1 - Interaction modality
3.3.1 Scenario and use case where EG6. 1 is relevant

As shown in

Table 1, Enabler EG6.1 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

sever al kms because of the meaalepemédopomverg, an
the road is wider. The TeamMate car asks 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

I n order to gain a detailed wunderstanding o
explain possible differences in the experimental outcome, the driver
behaviour is modelled with a task analytica | 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 (Kathner, 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.

<21/11/2018 > Named Distribution Only Page 30 of 90
Proj. No: 690705




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

+ 3 1+ ¢ TTC Breaking:11s * <«ele— i
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Durchscherer_140- . Goal: Do emergency braking

= . Also: Identify object as see

Lane Change and shift to LC car

Braking ctoLC car

Test l at LC_car to see what's going on
TTC_Breaking e movement from gas- to brake pedal

Move_foot Movetherigh™” ,” 1 gas pedal to brake pedal (500 ms)

Hear =
Perceptual ’7

L— See

50 .50 50

Attend ... Initiate... | Initiate

Say
Motor
500 500
Hands e t

ove._foot Move the right foot from gas pedal to brake pedal Press_pedal Press the brake pedal

Cognitive }

Do not automate WM |-

milliseconds Average WM chunks: 0

seconds

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.

Thi s AThinking Al oudo met hod (K2t hnermn B¢ hr
effective yet easy way to understand driver
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 EG6.2 - Cluster +audio (visual andaudio interaction)

3.4.1 Scenario and use case where E6.2 is relevant

As showni n

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

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

request the driver either for support in perception or in action

1 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 " cycle, including the addition of a
Awh-yayer 0 i n t hebased bMItoiexpkin thenmotivations (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.
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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.
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