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Executive Summary

This deliverable D5.1 presents the global AutoMate System architecture and
the adapted architectures for each demonstrator, making sure that the
architecture works on all demonstrators of the AutoMate project, considering
their different initial starting point. An explanation of dataflow, within the
SW/HW construct and a clarification of stateflow concerning the teammate car,
is also provided, together with protocols for communication.

Another important part is the definition of interfaces between the modules, as
well as the common data formats standards and communication protocols.
Therefore, the TeamMate Application Programming Interface (API) is defined
in terms of principles, standards, interfaces, and data structure that enables
the communication of information between components in the TeamMate
ecosystem, based on exchanging messages in a publisher-sucscriber
messaging patterns. The goal is to have common data formats for interfacing
the modules. We provided a first definition of a set of such data structures.
However, it is worth to note that the definition is non-exhaustive and may be
subject to change if the need arises during integration and advances in the
development of enablers for the TeamMate demonstrators.

Finally in this document, the software modules are specified and dedicated to
their corresponding enablers. Moreover, the teammate cooperation modes are
explained, including the concept of Automation to Human (A2H), as well as
Human to Automation (H2A) communication.
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1 Introduction

This document presents the global AutoMate System architecture. The purpose
of the Automate project is to build a complete software/hardware concept for
the teammate car. Therefore, each module has to be developed and
programmed and finally all modules have to be put together. Due to the
number and complexity of these modules, the composition can be become a
complex task and needs to be well coordinated. Also one needs to make sure,
that the architecture works on all demonstrators of the Automate project
considering their different initial architectures. For this reason WP5 deals only
with the issues mentioned above and this document presents the global
teammate architecture, as well as the adapted architectures for each
demonstrator. Another important part is the definition of interfaces between
the modules, as well as common data formats standards and communication
protocols.

Therefore, the TeamMate Application Programming Interface (API) is defined
in terms of principles, standards, interfaces, and data structure that enables
the communication of information between components in the TeamMate
ecosystem. In the following, we will present a common design principle for the
communication between components in the TeamMate ecosystem, based on
exchanging messages in a publisher-sucscriber messaging patterns. Messages
will be defined in terms of data structures with fixed semantics. We provide a
first definition of a set of such data structures. We note that the definition is
non-exhaustive and may be subject to change if the need arises during
integration and advances in the development of enablers for the TeamMate
demonstrators.

Thus, in this document the above mentioned will be elaborated in more detail.
In section 2 the software modules are specified and dedicated to their
corresponding enablers and the the teammate cooperation modes are
specified. Also the concept of Automation to human (A2H), as well as human
to automation (H2A) communication is explained. Section 3 contains the
Teammate global teammate architecture concept, an explanation of dataflow
within the software software construct and a clarification of stateflow
concerning the teammate car. Also protocols for communication are defined.
Subsequently in section 4 the API is defined in order to have common data
formats for interfacing the modules.

2
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3 Global overview of the TeamMate system
Bl The TeamMate concept of cooperation

As pointed out by C. Sentouh and colleagues?, the human-machine
cooperation is a challenging problem since the introduction of automated
systems in the various fields of human activity, especially in the aviation and
automotive fields. According to Piaget (1977)3, we can assume the following
definition of cooperation: "Cooperate in action is to operate in common, that
is to say, adjust with new operations, the operations performed by each
partner, it's coordinate the operations of each partner in a single operating
system in which the acts themselves of collaboration constitute the integral
operations”. This leads us to the following questions, as pointed out by Hoc
and colleagues®:

e When to intervene to assist the driver?

e How to do it and at what degree?

e What the effect will this intervention on the driver?

e Finally, whom assign responsibility for the driving?

Sheridan® gave the definition of “Sharing control” where the human operator
and machine work together, simultaneously, to make or perform a task. There
can be also other possible definitions for alternate control, illustrated in the
following table, where one of the two agents is responsible of a function, and
either the human operator or the machine performs the function from time to
time (a change of active agent):

2 Chouki Sentouh, Jean-Christophe Popieul, Serge Debernard, Serge Boverie.
Human-Machine Interaction in Automated Vehicle: The ABV Project.

3 ). Piaget. “Etudes sociologiques” (3e "ed). Geneve: Droz, 1977.

4 J.M. Hoc. Towards a cognitive approach to human-machine cooperation in

dynamic situations. International Journal of Human-Computer Studies,

Volume 54, Issue 4, April 2001, pp.509-540.

> T.B. Sheridan. Telerobotics, automation, and human supervisory control.

Cambridge, MA: MIT Press, 1992.
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Table 1: different types of alternate controls.

Besides of this approach, there are also many experiments carried out on the
full automation of driving, including presentations of the Google Driverless Car
in 2010® and VisLab Driverless Car in 20137. These experiments aim to
demonstrate the full automation, where the driver is completely out of the
driving task. However, as highlighted by many works®, there can be the
paradox for which, when the autonomous system reaches its limits, it requires
to the human to take back the vehicle control (exactly the same human agent
regarded as “a problem” up to that time and completely out-of-the-loop).

The top-level objective of AutoMate is to develop, evaluate and demonstrate
the "“TeamMate Car” 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

6 J. Markoff. Google Cars Drive Themselves, in Traffic. The New York Times,
2010.

7 PROUD Car Test 2013. http://vislab.it/vislab-events-2/.

8 L. Bainbridge. Ironies of automation. Automatica, vol. 19, no. 6, pp. 775-

779, 1983.
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each other to create a safe, efficient and comfortable driving experience.
Therefore, the future generations of driver assistance systems (ADAS) and
autonomous functions (ADFs) must be developed to ensure a smooth action
of the controller continuously, while keeping the driver in-the-loop without
generating negative interference.

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.

The cooperation is bidirectional: while the Automation to Human Cooperation
(A2H) is used to complement the human limits, the Human to Automation
Cooperation (H2A) is implemented to allow the driver to support the
automation to overcome its limits.

According to AutoMate concept, the cooperation is made of two types of
support: in perception and in action.

The complementarity between the driver and the automation is the conceptual
solution to compensate the reciprocal limitations, while the cooperation is how
the complementarity is implemented. In this context, AutoMate project has
integrated the problem of interaction with the driver, in the design process of
the system, by considering the task sharing and degree of freedom, authority,
level of automation and Human- Machine Interface (HMI).

Figure 1 shows how both the A2H and the H2A cooperation between Manual
mode and Automatic mode can be implemented in perception (state A and B)
and in action (state C and D).

Figure 2 shows the detailed implementation of this cooperation including a
Control Sharing mode.
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Figure 1: State machine that shows how the cooperation is implemented
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Figure 2: State diagram of AutoMate Human Machine Cooperation.

With reference to the figure, there are four main states:
1. Manual Mode (MM)
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2. Control Sharing (CS)
3. Automation (AU)
4, Safe Manoeuvre (SM)

In MM, the driver is fully responsible of both lateral and longitudinal driving
tasks, even if the machine-agent can provide assistance in terms of warning
and information. On the other way around, in the AM, the system is fully
responsible both lateral and longitudinal driving tasks (full automation);
however, the machine-agent can require the intervention of the human-agent
(take-over request, TOR in short), using appropriate strategies to take him/her
into the control-loop again, depending on the cognitive status. In the CSM, the
two types of control are separated: typically, the longitudinal task is under the
system responsibility, while the lateral task under the driver control.
Eventually, the last mode is an emergency shutdown (SMM), in which a
minimum risk manoeuvre is foreseen, by stopping it in an automatic manner
in case the driver is not responding to a TOR in order to preserve the safety of
the vehicle and its passengers.

In each of these four modes, different sub-modes have been defined, whose
transitions from one to another are represented by arcs, characterised by
different parameters, related to the vehicle (e.g. speed), to the external
situation (e.g. end secured path), to the driver status (e.g. drowsiness) and
finally to a controller state (e.g. system OK). The different transitions between
the block are reported in red in the figure on those arcs.

Every time the system starts in the MM block. When the driver wants more
support from the automation, s/he can make this request and, if the conditions
of transition are satisfied, the system can enter the AM block. If not, but there
are the conditions of a shared control, then the system goes into the CSM
block. Of course, the situation is highly dynamic, depending on the external
environment, as well as on the status of the driver and of the system.

Bl The enablers

The common global TeamMate architecture can be considered as a framework
that allows to understand how the enablers, integrated into the different
demonstrators, have a crucial role in the concrete implementation of the
concept and in the achievement of the TeamMate features.

This chapter describes the role of the enablers as a means to implement the
concept of cooperation.
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The enablers have different roles, which can be divided into three categories:

Enablers of automation, i.e. Automated Driving Functions (ADFs) to
allow an effective automated driving - Enabler 4 (Adaptive driving
Manoeuvre Planning, Execution and Learning) and Enabler 5 (Online Risk
Assessment);

Enablers of adaptive automation, i.e. systems and technologies
designed to allow a tailored and adaptive driving experience — Enabler 1
(Sensor and communication platform), Enabler 2 (Probabilistic Driver
Modelling and Learning), and Enabler 3 (Probabilistic Vehicle and
Situation Modelling);

Enablers of cooperation, e.g. the systems that allow the cooperation
between the technological and the human agents — Enabler 6 (TeamMate
HMI)

Moreover, all enablers support the cooperation in one or both aforementioned
directions, i.e. A2H and H2A.

Table 2 shows the role and relevance of each enabler in the cooperation. The
role of the enablers developed in the different WP, and how they contribute to
the cooperation when integrated in the system architecture, is reported in the
table. These roles, also reported in D2.4, D3.5 and D4.4, have been merged
into a single table to understand the relationship between the enablers into
the TeamMate architecture.
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Table 2: How the enablers in all WPs contribute to cooperation

Direction of support

WP ID Enabler itz Aim of the enabler Automation to Human to
Owner h
Human Automation
Enabler 1: Sensor and communication platform
Enabler E1.1 is
needed to
Driver monitoring Sensors and models to | implement a
system with driver detect driver’s visual support in
El.1 state model for CAF distraction and perception to
distraction and drowsiness detection complement the
drowsiness and classification perception of the
driver about the
his/her state
Enabler E1.2 is
needed to
To Allow the |mplemen_t a
communication support in
WP2 | E1.2 V2X communication | BIT between the vehicle perception to
and evervthin complement the
Y 9- perception of the
driver about the
environment
Enabler 2: Probabilistic Driver Modelling and Learning
To Classify the current Enabler E2.1 is
. . needed to
driver state, describe imolement a
the interdependencies su P ort in
Driver intention between the driver’s pport
E2.1 s OFF ) perception to
recognition state, type, behaviour
. complement the
and environment and erception of the
predict the driver percep
intention driver about
his/her state
Enabler 3: Probabilistic Vehicle and Situation Modelling
WP3 E3.1 Situation and DLR To estimate the Enabler E3.1 is
) vehicle model OFF dynamic vehicle and needed to




—
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object state and implement a
position support in
perception to
complement the
perception of the
driver about the
situation and the
vehicle

Enabler E3.2 is
needed to
implement a
support in
action along
To define the driver’s with E6.1

L tasks to understand (Interaction
E3.2 Driving task Model DLR the expected behaviour | Strategy) to
(Paper Enabler) provide the

driver with an

effective means
to interact with
the automation
in case of need.

Enabler 4: Adaptive driving Manoeuvre Planning, Execution and Learning

Enabler E4.1 is

needed to
implement a
To plan the possible support in
Planning and ULM manoeuvres and select | action
E4.1 execution of safe VED the most effective, to complement
manoeuvre efficient and the ability of the
comfortable. driver to
intervene in case
of risk
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Enabler E4.2 is

needed to
implement a
support in
. . . To learns the driver's perception
E4.2 If‘;an:néﬂg giilvn;fntlon I-(I)I\I:I'FI' intention to predict the | to complement
expected behaviour the ability of the
driver to assess
the risk in case
of risky
behaviour
Enabler 5: Online Risk Assessment
To define a safety Enabler E5.1 is
. needed to
zone where the vehicle | .
! . . implement a
is not likely to collide .
. . OFF . ) support in
Online risk either with obstacles or .
E5.1 DLR ; perception
assessment other vehicles
HMT : to complement
(according to the o
. : the ability of the
prediction of their dri
future position). river to assess
the risk
Enabler 6: TeamMate HMI
In perception
and in action
To define the best way (negotiation-
. . to allow the driver to based HMI)
E6.1 Interaction Modality ULM provide feedback to to allow the driver
WP4 the HMI to answer the
request of support
of the automation
In perception In perception
To show information on | and in action P€ Pt
E6.2 TeamMate REL different device and (warning- and in _act_lon
) multimodal HMI . (negotiation-
through different based HMI)
X . , . based HMI)
sebsorial channels, in either to inform
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order to either infrom
the driver, explain
manouveires and
situations, allow him to
interact with the
vehicle

the driver about
a potential risk
or to take the
control of the
vehicle

to ask the driver
either for support
in perception or in
action

To show information on

In perception

In perception
and in action

) . (warning- (negotiation-
the windshield to based HMI) based HMI)
E6.3 AR HMT improve their ; .
- to inform the to ask the driver
comprehensibility (for . X
) driver about a either for support
simulators only). N ) ; .
potential risk in perception or in
action
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4 TeamMate functional Architecture

The intended Overall TeamMate functional-Architecture is presented in the
DOW as shown in Figure 3.

Figure 3 : Sketch of the intended overall TeamMate System architecture

The model-based architecture (illustrated in Figure 4) takes the fused data to
interpret and assess the vehicle, traffic situation and driver.
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Figure 4 : Sketch of the model-based architecture of decision modules

The vehicle & situation modelling components classifies complex traffic
situations and anticipates a sequence of likely spatial and temporal evolutions
of the world by using vehicle and situation models. Thereby, it will interact
with the driver model to incorporate possible interventions of the human
driver. The driver model & learning component will infer driver states and
intentions, which includes likely temporal evolutions of states and intentions.
As behaviours and preferences vary across drivers, a learning component is
included. It uses the inputs the driver makes or the behaviour shown by the
driver to update the driver model. This ensures that the driver state prediction
is well adapted to the individual driver.

The adaptive driving manoeuvres planning, execution and learning component
takes the input, state and intentions of the driver and the current situation
state as input.

Based on these data, potential strategic manoeuvres are identified and
planned up to a concrete action sequence on an operational level. The resulting
plans include a suitable task distribution plan between driver and automation.
The manoeuvre planning component includes a learning algorithm that takes
the behaviour of the driver and driver's responses to proposed manoeuvre
plans as input. Based on this data the component learns and improves
manoeuvre plans and recognizes driver’s preferences for certain manoeuvre
plans. The online risk assessment component defines a safety corridor based
on the current state of the driver (e.g. distraction) and the state of the
situation (including an anticipated sequence of likely spatial and temporal
evolutions). The safety corridors are continuously monitored and updated in
order to respond to a critical development of the driver or situation state.
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Figure 5 :Sketch of manoeuvre planning architecture

Based on the online risk assessment, the manoeuvre planning component
selects suitable manoeuvres to be proposed to the driver. Depending on the
planned task sharing the manoeuvre planning component executes the tasks
that are assighed to the automation.

The TeamMate HMI provides intuitive bidirectional communication
mechanisms between driver and automation. The driver can communicate with
the automation via different modalities, e.g., touch input. The TeamMate HMI
fuses the input from these modalities and interprets it based on stored
personalized, multi-modal communication preferences (“concurred
abbreviations”). The interpreted driver input is then passed on to Enabler 2
and 4. Vice versa, the automation uses the HMI to communicate with the driver
via different modalities. For example, the HMI takes the manoeuvre plans
proposed by Enabler 4 and suggests these to the driver. It chooses a
communication strategy that again relies on stored personalized, multi-modal
communication preferences. The HMI does not only suggest this support to
the driver, but also selects and communicates information of the current
situation and driver state, which enables the driver to understand the rationale
behind the suggested support.
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