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Our research activities

 Modeling, Control and Estimation
» Adaptive Control / Model-based and Model-free Learning
* Design of Unknown Input-State Estimators
 Distributed estimation and control

* Application Domains
* Soft Robotics
* Flying Robots
 Self-driving Vehicles
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Our contribution
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Our contribution (modeling) . o

* Vehicle model
* Car-like (bi-traccia), longitudinal, lateral dynamics |
* Sensors '
* Propulsion ‘ Sensors ’ Actuators
‘ Vehicle dynamics ] ‘--ﬁ Fxtern

* Road model
* Friction variation
e Burckhardt, Paceijka

 Environment model
* Wind gusts

* |Inter-vehicle coordination
* Platooning
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Our contribution (Robust control)

* Distributed Estimation of Road, Environmental conditions
* Local Parameter Estimation

e Robust Control of Full-dynamics

USCITE
RIFORMULAZIONE DEL )
MODELLO INGRESSI
NOTI

RETROAZIONE DEL DISTURBO STIMATO
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Examples w/
Longitudinal
Dynamics

40+

20

100

50

0
-20
-40

Longitudinal Velocity [m/s] Wheel Speed [rad/s] w104 Vertical Load [N]
i T 100F ; 7 1 — i
501 —o]| 05 -
b x
; 0 0
i Slip ratio Friction Coeflicient
——uy|| 0.1 | | . 1 . . .
S —
doo—"1 T4 =
—
) 0 ! f‘ﬂ-.--ll 0 | '
Tracking Error [m/s] o o .
. ~_ w«10% Driving Torque [Nm]| . w«10? Longitudinal Wind Force [N]
] E— o
=) — 3 R
: . : 0 ' ' -10 : ' ;
0 5 10 15 20 0 ] 10 15 20 0 ] 10 15 20
t sl L sl ¢ [sl
w102 Traction Force [N] %101 Effective Radius [m)] 20 w102 Resistance Force [N]
' R a84f ] ' — ' '
— i (U10) — i (U10)
— [, (EKF)| |4.82} 10} |—F (EKF)
4.8}
0
«10? Estimation Error F; — I [N] «10-*Estimation Error R, — R, [m] %102 Estimation Error F; — F} [N]
T T T ] ' T . 10 . T
. — 1 0 5! | —EKF )
[—UI0 —EKF [—UIO —EKF| 0 ' iy W
. -5 . -5 " L .
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
¢ Is] L [sl L [s]




<
PIANO NAZIONALE %

DI RIPRESA E RESILIENZA L

«+.__| Finanziato Ministero : .
¢} |dall'Unione europea dell’Universita i [taliadomani

NextGenerationEU > e della Ricerca 5 O
015 g1

Aciual Disturbance [m/ s Laieral Wheel Forces Steering Angles ¢ [rad)]

L4000

4t
Examples w/ | =
0 40
-2t +2000 ¢ |
Late ra I 4l <4000 |— Fyu Fpz — Fyoi — Fyn| | | | —DUIO — ADRC| |
Disturb. Estim. Errors w — i [m/s% w104 Pos. Esiim. Errors e — € [m] Tracking Errors e [m]

0.01+

Dynamics

0.01}

—DUIO —DESO —DUIO —DESO r|— DUIO — ADRC

0 10 20 3I0 0 10 20 3II] 0 1I0 20 30
* Tools - L i

* Matlab/Simulink

* Vehicle Dynamics Blockset

* ROS2
* Gazebo
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