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1. Longitudinal Dynamics
2. Distributed Controller
3. Lateral Dynamics
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The Platoon Scenario

* N+1 vehicles moving along a road in p/latoon configuration:

“travelling as a string of vehicles while copying
the speed of a leader and maintaining a safety ith vehicle

and follower

distance d from the preceding vehicle”

platoon
leader

Uleader
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- : : X; ition along line/curve m
Longitudinal dynamics on I
: . U; longitudinal speed m/s
raight lin -
St a g t € , . X Wi  wheel rotation speed rad/s
—— ——=—— M total mass kg
T .
¢ u’L Ji wheel inertia Kg m2
v R; wheel radius m
L’L — _6_ —_—— XZ X, longitudinal force N
L; — Uy : L;  (loss) resistance force N
1 1T’ driving torque Nm
w; = — (X;(us, w;, t) — L (u;
t m; ( 7’( by ) ¢ ( 7’)) ¢ (ui, Wi 5 t) complex, almost unknown, depends on
1 friction between road and (virtual) wheel tire
W; = — (Tz — Rz Xz (Uia Wi, t)) » Liincludes aerodynamic drag, wind, b2ank angle effect
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Longitudinal Slip ratio & Force

,
Wws Rz — Uy U,

if w; R; > u; (acceleration
w; R w; R Bl > s { )

w; R; — u; w; R; : :
— —1 if w;R; < u; (braking)
\ Uyq Uy

Longitudinal Force Models

Xi = Wi Z; Zz'l“miga;’l

1

friction coeff. vertical force

long. force Xi(uiawiat) — ,ui((fz',t) m; g
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Heuristics Friction Models ;F————— | Sm—
« Friction is a nonlinear function of slip Drv K
ratio (state variable) and Tire-Surface < 0L — Iy B
Interaction (TSI) (external variable) — Wet
— Snow
. _1 \ _Ice i
« TSI depends on the tire and road | | . |
surface (e.g., dry, wet, snowy, icy) -1 -0.8 -0.6 -0.4 -0.2 0 0 2 04 06 08 1
ag
» Pacejka’'s Magic Formula « Burckhardt's Model
pi(oi,t) = i1 (t) sin (pi2(t) arctan (pz(t) oy + pi(0i,t) = pin (t) (1 — e’ ”(t)"”') — pia(t) o]
— pia(t)(pis(t) o; — arctan (wiz(t)o;))) max curve value atf
value shape full slip |oi] = 1
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Approximated Model for “small” slip ratio
0'7;:0 — szz:uz — sz + W; ‘ —Uz

: 1 .
w; = — (X (us, wi, t) — Li(u;)) ' 1 L L, (U/z)

my; u’i —
' \ m; \ R;
equivalent
total mass

« eliminates one equation
* Iindependent of Xi
 driving torgue appears in the speed equation
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Decentralized ith controller (step 1: introduce a desired speed)

_ _ reference
Uid(t) = Uia(Ui—1, Uiy t) — 'thsdpeese'ged model

5’LL7;

U: — Ui «— Ithspeed ot
‘ i tracking error 0U; (t) — € 0U; (O)

1 T .
5u7, = U; — Ujg = ” (_ — Lz(uz)> — U4q

* °
T; =m;R; (t;q — kou;) + R; Li(u;)
th control input * Independent of Xi
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Decentralized ith controller (step 2: design the desired speed to
maintain the safety distance)

6dz — dz — d <+— |th distance error re:‘scr)zglce
k>0

= Uj—1 — Uy = Uj—1 — U4

uid(t) = U;—1 T+ Oé5dz = U;—1 T+ (sz'—l — XLy — d)
ith desired speed
...it is extended to stabilize also slip ratio 507; — 0; — 0;d
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Simulation on a single vehicle
scenario w/ wind disturbance

Longitudinal Acceleration [m/s?] Speed Telemetry

5
=i 5
- 40
Longitudinal Velocity [m/s]
30 \ 30
g
: 0 =]
Longitudinal Position [m]
500 10
L/
0 0
1] 5 10 0 100 200 300 400
t [s] [ g [m]

Road conditions switch from dry
(t<4)towet(4<t<12)to
snow (12 <t<15)andice (t>
15). Sudden wind gust att = 2.

Ministero

% dell’Universita
> e della Ricerca

Italiadomani

PIANO NAZIONALE
DI RIPRESA E RESILIENZA

[ -/)JO

ta% Universita

Lodf 2 degli Studi
e+ diPalermo

@]
7]
[}
)
& !
7/} ¥
191g g1+

Longitudinal Velocity [m/s] Wheel Speed [rad/s] w10 Vertical Load [N]
7 - 100 - 1 — -
0 . 50} —w]l 05 —
0 0
20 Slip ratio Friction Coefficient
—-—- g 0-1 T T T 1 T
— | 0.05 ——-’—-L 05 ——‘—k_— —)
0 0 | - ; ,
Tracking Error [m/s] L .
] : : ~_] X 10 Driving Torgue [Nm] « 102 Longitudinal Wind Force [N]
] ] '
-2 \/ —T 0 1
. — W,
- : : 0 : : -10 : - =,
0 ] 10 15 20 0 5 10 15 20 0 ] 10 15 20
100 X 102 Traction Force [N] w10t Effective Radius [m] o0 X 102 Resistance Force [N]
' " [-=-F, 4.84 ' : — ' '
— F, (UIO) — Fj (UI0)
. —F, (EKF)| |4.82 10t |[—F (EKF)
a0 1
—r
15 — R, (U10)
— R., (EKF) 0
0
«10? Estimation Error F, — F, [N] 10~ Estimation Error R, — R, [m] «10? Estimation Error Fj — F} [N]
- : . o . T T 10 . .

20} L] 0 — ; ——ERFp~ 2
—UIO —EKF —UIO —EKF o T i
0| , "] , 1 5 | , | , 5 , | Wy
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Lateral dynamics single-track & Yi lateral position w.rt. path  m
for small steering angles \ Vi RS m/s
wi c.c. orientation w.r.t. path rad
T’; angular speed about z rad/s
Iz’ vehicle inertia about z Kg m2
0; steering angle rad
Yi = Uj
: (%) ri
Vi = SUiTE = Vi Yz o + i3 0
(] 1
* 7Yij depend on cornering coefficients,
v =1 vehicle mass and inertial
. V; T,
Ti = Yi4 — Yi5 — + Yi6 573 « non-null speed Y; # 0
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Objective of the Lateral Dynamics Control

Find 0;(t) = 0;(us,vi,--+)
to ensure tracking of ¥id(t), ¥Ya(t)

Pos.Laterale ideale | | = Sterzo comandato
Pos.Laterale Veicolo b b | s Imbardata veicolo

n, Yi — Yid 25
b\ — g 1 {1

y 1.5} 1
5__ Vi — Yid 1 |
(/ 7 - 1 '
ri — Vid s [ o

ith position & speed % 2 6 s A

tracking errors (a) Errore Posizione Laterale [m] (b) Sterzo-Imabardata [gradi]
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Complete bicycle model, single track for generic path and vehicle configuration

Lo 0;
Vi + a;p T _5i> 5, i
Uy

m; (0; + u; 1) = Yip(9;) + Yir(6;) Y;r
Ii7; = a;rpYir(0;) — a1rYir(6;)

m; (uz -+ V; 7“7;) — Xi(ui,wi,t) — Lz(uz) + sy <

U; —|— riaij

Uq

Yii(6;) =Y | 7i56: — Y:r

j €{F, R}
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In summary, the proposed model and controller

P = u; ith longitudinal dynamics Yi = U ith lateral dynamics
. v’l/
, 1 By = —u; s — i1 — + iz — + Yia O
U; = — (Xi(ui,wi,t) — Lz(uz)) Uj U
™m; .
1 vy =1y
w; = — (15 — R; Xi(u;, w;, t : U; i
() Jz( () () Z( 19 Y1) )) Ti:724__725_+’7265
U Uy
ith driving torque T,L — m;k RZ (uzd — k 5“@) e Rz LZ (uz)
ith steering angle 57/ — 52 (ui, Ui, Vg, w’b e t) estimated loss
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FORESEEN

ith vehicle and
follower

That’s alur now,

pIatdon
leader
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