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My research path and main interests

Braking control...
Vehicle control...

o AIC | N~
B : " . AUTOMOTIVE SERIES
Active Braking MODELLING,
Control Systems AND CONTROL OF
DeS|gn fOf o i ” VEHICLES .t
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Civic engagement and institutional services
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Main focus of this talk: smart, diversity-aware and inclusive mobility... WHY?

@G + |/ + B

Prominent role of Real changes are possible only
in gas emissions and being aware of the

and decarbonization goals :
energy consumption

There is a strong need of sustainable and inclusive mobility
solutions accounting for individual diversity, captured by socio-
economic factors that go beyond mobility habits
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The evolution of mobility and its users: a socio-techical problem

Mobility is undergoing disruptive changes

From human to
From ICE 2 Electric vehicles autonomous drive

From ownership to usership From analo?ﬁi&iﬁ)‘tal mobility

* Key to success is massive adoption > substantial individual behavioural changes
* Technology players cannot ignore societal challenges: the gender gap; the digital divide; a
widespread ageing; an ever-increasing multiculturalism.
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How to deal with this? With a 3-layers approach

-~

. . Policy-induced ~ § e
| Dynamic clustering olicy-inauce )
. X social evolution Target service feature HLL
of socio-economic service T
5 ang *» based service
— identities o dynamics
Socio-
variables Target KPI Mobility- Service-level personalization
--------- » oriented
Accessibility cos.t social
_______________ funCtlon dvnamics
Affordability
Sustainability...
Mobilty SN Vehicelevel personalation
patterns -dri
Da.lta drlven Target vehicle behaviour vehicle H.LL.
—] social-network O @l based U yehicle
q 0 nudger i
analysis of adoption Policy-induced Eco & 2} L LES
mechanisms y adoption effects Safe
Comfortable

ADOPTION LAYER

\VEICRELTEU

POLICY LAYER

Known social characteristics of
driver/passengers

service

feature

Service
mobility
signature

vehicle

behaviour
Vehicle

mobility
signature

VEHICLE/SERVICE LAYER
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The adoption layer

Model the attitude towards innovative mobility solutions
Adopt a data-driven approach to:

V" Extract the main socio-economic drivers to the adoption of innovative mobility solutions
v Embed the selected information in compact indicators = Users’ mobility-DNAs
v Enable a realistic picture of the adoption processes

Study the adoption dynamics through network analysis

Build social networks that:

v _according to specific proximity measures

v~ Model the adoption dynamics of new mobility paradigms within a network-based evolution

v Give a basis model on which to test _to support adoption
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Adoption layer: example of results

The Sharing-DNA is a compact, yet comprehensive, tool to characterize individual attitude towards
shared mobility accounting for socio-economic and behavioural factors

Available Data The objective

= 2014 EU survey on mobility issues

E——
e
—
—
e
e
—
—
—

Extract primary socio-economic drivers to the
adoption of sharing services

European
Commission

eurostati®

= 39 questions related to personal
information and mobility habits

Target question Results and applications

@® Center Europe
@® East Europe
® North Europe
® South Europe

Would subscribe car sharing if available? Positive
Education
Geographical Family Nega tl ve
. Mﬂybe yes, mﬂybe not Information Status Education
B No, I would not be interested in this service Geographical Family ‘
. Information Status
B Yes and I would give up one car I currently own
08 1
. . - 1 1
B Yes I'm already client of a car sharing service v Profession
B Don't know / No answer e 40605 1
: : Sensibiliy Hepission
B Yes, instead of purchasing a new car SOy S il
. . . d Prefe Infc i
B Yes without any influence on my car ownership et Honmaton
1.4% Mobility Habits Biographical

IEEE H%R
Smart Cities

\VEICRELTEU

Presented at International Smart Cities Conference, Paphos 26-29 Sept. 2022

and Preferences

Information
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The policy layer

Enable an extended cost-benefit analysis to design policies that:

Foster adoption while accounting for individual features and diversity in the users’ pool

Allow one to formulate policies that quantify social justice principles and fairness
attributes in the same way we usually do for performance and budget constraints
(e.g., equality and equity)

Target KPI
Accessibility
Enable closed-loop policy evaluation at Affordability
design time

Sustainability...

Policy-induced
social evolution

Fair
cost
function

Policy-induced
adoption effects

FEEDBACK DESIGN OF DIVERSITY-
AWARE MOBILITY POLICIES

=P

Known social charac
driver/passen

Distance/stops from

Target service f

Mobility- | KP!

oriented
social
dynamics

\a

Target vehicle behaviq

Eco

Comfortable

Everyone benefits from Individual support
the same support induces equal access
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The policy layer: example of results

The Fair-MPC is a fair model predictive control system and represents an innovative tool to design
dynamic fair policies that quantitatively account for social justice

Agents’ target

The global output defined
according to the agents’
dynamics described by a
set of LTI systems

Centralized MPC

minimize
U

S.t

N
/ > lal <0  vkeTf, (4)
i=1
Budget constraint: Fair objective function H
agents share the same 1,(5,F) = 155 — 43, Ind|V|duaI Performance

inputs to achieve their
objectives

A
%, = A'x} + B'aj,
yi. = C'x}, + D'},

J(Q,y,T)

~i _ i
Xo = Xy,

i e Ui e )V,

(4a)

VieIN VkeIl, (4b)
VieIN VkeTl, (40)
vie IV, (4d)
VieIN VeI, (de)

J(@,5.5) = Jp(§.F) + Ju(@) + Jo(§.F) <zz

i=1 k=0
N

Je(ya i:) - Z

i=1 k=0

?r
I

(

o (uuknlf— Equality
—1 1 N
i =7

o

(13

Under Submission at the IEEE Transactions on Automatic Control
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The vehicle/service layer

% From models to concrete services and vehicles settings
Learn from users’ experience to define personalized solutions ensuring

V" accessibility and usability of the services
" x v actual effectiveness of the designed policies in fostering the adoption mechanisms

The final objective

Personalize the final services and vehicles that enact the mobility
solutions by making them “move” towards the individual (unique{ user
and viceversa, leveraging behavioural economy (e.g., nudging) and
control/decision theory:

v" To support mobility stakeholders

v' To offer each user concrete and diversity-aware mobility solutions

v" To realize nudging via advanced Human-Machine Interfaces (HMIs),
1@Ilowing AkDAS and autonomy adaptation, within a diversity-aware
ramewor
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The vehicle/service level: example of results

Track a pilot/driver psycho-physical status in real-time through a machine learning based analysis of
environmental, behavioural and physiological data

@ Data collection
Minimal set of hon-invasive sensors

Environmental and 80
Behavioral Input S

Environmental and e

- ECG SENSOR —— Behavioral Input
Continvous () Preliminary results
ECG = Environmental and 2k Y
- Behavi 1 t . . .« .
PFG SENSOR shavioral hev Differences in normal and stressful driving
Discrete Heart - ARDUINO diti iall isible i
Rate Collocts conditions are especially visible in non-expert
- EDA thsﬂfagicq' - drivers. We will investigate how results change
ey w.r.t. diversity dimensions (towards diversity-
aware ADAS)

*& LEONARDO Project winner of the challenge «Solvers wanted» promoted by Leonardo S.p.a.
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Smart and inclusive mobility: the impact

« This approach can initiate a new scientific reasoning in mobility and beyond, which can be applied to all
contexts in which technological variables highly interplay with human behaviours.

« This new conception will open the way to diversity-aware and socially-disaggregated data-gathering,
design and interpretation processes - great impact on public policies and product/service development,
where economically/environmentally convenient and socially just decisions must be taken.

—— -

The mﬁt Transltlg

e _HEthanls

r1
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