INTERNATIONAL SCIENTIFIC JOURNAL "INNOVATIONS IN DISCRETE PRODUCTIONS" WEB ISSN 2534-8469; PRINT ISSN 1314-8907

INNOVATIVE SYSTEM OF INTERACTION BETWEEN THE DRIVER AND
VEHICLE. THE FANCI PROJECT WITHIN EUROPEAN COMMISSION’S
HORI1ZON2020 FRAMEWORK PROGRAM

Alessandro Mecocci, Moshe Shahar, Per Ericsson, Sébastien Piccand, Daniel Van Nieuwenhove, Tim Llewellyn, Davide Di Censo, and
Itsik Arbel

Abstract— The system described in this article has been developed within the consortium of project FANCI (Face and body Analysis Natural
Computer Interaction) project. One of the main scope of the project is to give a better support to the driver’s capabilities using some of the
most advanced technologies in the field of intelligent user sensing methods, including eye tracking, face analysis, emotion recognition,
intention & authentication, voice tone analysis, hand gesture recognition and head gesture & pose analysis. All these technologies will be
integrated in a unique platform which is always-on, real time, low consumption and low cost. The information collected by this platform will
be used as input of smart user intention or distraction estimation and system reaction methods, supplying visual (HUD, etc.), voice and
haptic feedback as well as autonomous system actions.
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information arriving simultaneously from different sensor
I. MOTIVATION modalities (audio and image) and combining them into more unified

HE know-how of the technologies involved in the project is spread and coherent representation.
Tin different research field. There are relevant publications related
to the single technology. [1], [2] on modeling and emotion

recognition software, [3], [4], [5] on biometric face detection R — —
software, [6], [7] on gesture recognition 3D sensor, [8], [9] for b= 2
infotainment and audio solution are just some of the main @ N ¢ Intention @
publications. T D 3 : @ t

Unhappily there is little work on the integration of these @ @
technologies in automotive field. This is why different partners in ¥ Bistrackicn

different technology field start to think about a common project >>)> @
which could lead to a new paradigm of interaction between driver o
and vehicle. There is an enormous innovation potential for vece ﬁ@ _:® Message
advanced HMI based functionalities in the car: detection of drowsy
or distracted drivers, driver recognition, gesture recognition, and
personalization of in-car experiences.

The target of the system is to integrate existing and advanced
technologies in order to help the driver’s experience and also some The goal is to improve the user experience and comfort in the car
other aspects related to the driver’s management like usage based while simultaneously improving security and safety.
insurance and teenagers curfew. Eye tracking, hand gesture
recognition, emotion detection and biometric authentication have
been integrated with visual & infotainment systems through a

S

Fig. 1. Platform concept

B. System implementation

platform solution in order to develop a meaningful system which This section will describe deeper the technical implementation of
could have a real impact in the automotive market. The integration the work. Here several aspects will be described such as the sensors
of multi-modal human-machine technologies on a single platform which have been used, the multi-modal data fusion and the
allows a signi_fican_t cost and power savings_ for the implemeptation hardware prototype platform used. In the above pictures is
of thesg functions in embedded products with relevant real time highlighted the overview of the pipelines and algorithms of the
constrains. system.

The work has been focused on researching, innovating,
architecting, designing and developing innovative multi-modal face

and body analytics and Natural Computer Interfaces (NCI). The . - . ) L
project will deliver these capabilities in a developer reference described. Also the single components will be defined (intuitive

platform, demonstrated by building a creative Automotive chip, intuitive platform, ToF module, eye tracking sensor, camera)
Application-suite Demonstrator. in order to give a full overview of the developed system. We will

To achieve these goals multi-modal sensor data has been describe deeper the technologies behind the sensors, also related to
combined in a platform to enable robust operation in natural the biometric authentication and mood recognition. The paper will
environments, sensing explicit, implicit, and emotional actions of describe also the connectivity between all components and to the
the user in a simple, yet powerful extensible software architecture. host system.

The full system block diagram and system capabilities will be

I11. OUTLINE OF THE WORK The system will be integrated in a modular, low power, low cost,

In the following subsection is briefly presented the skeleton of reference automotive platform with advanced HMI functionally.

the work done so far. . . .
This is the general architecture of the user sensing and face

analytics software components.

A. Concept

This section will describe the aim of the work and the e Red blocks consist of sensors and firmware components.
development and integration of novel methods of user sensing The yellow boxes inside are the output delivered by the
involving multi-modal, multi-level fusion. This involves extracting sensor.
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e  Grey blocks consist of the software components which will
be implemented during WP4.

e Blue blocks consist of the applications which will be
implemented on the PC.
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Fig. 2. Pipeline and algorithms

The software architecture consists of three main modules:

central
software

e FANCI control program (acting as the
communication instance between the other
modules and the sensors)

e instrument cluster application visualizing data in the
instrument cluster screen

e infotainment HMI visualizing data in the infotainment
screen

C. Prototype

The platform used for the system validation will be described.
Beside the analysis core system, there are also the user interfaces
used in automotive context:

e Instrument cluster display behind the steering wheels,
mainly used for displaying driving information to the
driver: navigation instructions, fuel level, temperature
level, etc.

e Infotainment HMI display in the center console, used for
controlling vehicle sub systems (media center, navigation
control, phone, ADAS functionalities, etc.)

D. Use cases description

The system is intended to serve specifically for demonstrating
automotive infotainment and safety applications, so the system will
be finally evaluated in some meaningful use cases. The use cases
are only a subset of the scenario which can face the platform.
Depending on the use case, the input of the sensors are handled
separately or combined to achieve the described results.

Some of the use cases are:

User Authentication / User Profile
Interaction with the Infotainment Display
Select Music depending on the Driver’s Mood
Dimming Infotainment Display

e Live Eye Tracking

e Live Mood Detection

In this section will be described the detailed features of each Use

Case.

E. Evaluation

The system will be validated concerning capabilities in
automotive infotainment user experiences. It will demonstrate the
validity of the system in automotive end-user scenarios, leveraging
an integrated head-unit demonstrator, which will combine driver
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assistance functionalities with infotainment components like
navigation, connectivity, media, etc. The various sensors used to
detect and analyze the user’s face, gaze and gestures will be linked
to the head-unit, and each scenario will involve the creation of a
use-case specific application for the device.

During the evaluation phase both a Technical Validation and a
Human Factors Evaluation will be done.

The ultimate goal of technical validation was to assess to which
level requirements and specifications were met. Examples of
indicators that were measured are the precision and the reliability of
the sensors in automotive configuration and the capacity of the
system to run in real-time.

Human factors will be studied by means of questionnaires to
assess user acceptance and workload.
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