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Presenter: Hussam ATOUI

Welcome

Current position: Automated Driving Systems Software Engineer at Valeo (France).

Integrated Valeo in November 2022

Received the PhD in October 2022

Previous work experiences: RENAULT (2019 - 2022), Gipsa-lab (2019-2022)
Academic background: PhD in Robotics and Control Systems, Mechatronics
Engineering

Specialities: Autonomous Driving, Automatic Control, Robotics, Optimization,

Machine Learning, Reinforcement Learning.

Introduce yourselves
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Introduction
Automated driving at VALEO

Deliver collaborative and cutting edge innovations to Valeo CDV

NEW PRODUCTS NEW BUSINESS NEW TECHNO AND
AND SYSTEMS MODELS COMPETENCIES

S—
Cruise4U Drive4dU Deliver4u

Discover eDeliver4U: our autonomous
& electric delivery droid
m— 2

Valeo Drive4U protutyi)e navigates
bustling streets of Paris
¥

= ] -
ark4U Remote: leave your
vehicle before it parks itself

VALEO RESERVED

Molity
kits

(ETVALEO MOBILITY KIT

CHOOSE YOUR SENSOR...

2023 |
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http://www.youtube.com/watch?v=Xe7ChRZbLV8
http://www.youtube.com/watch?v=Iv4kXHiZoWU
http://www.youtube.com/watch?v=9mBLl6JuvsM
http://www.youtube.com/watch?v=sZgpHSq-Hdw
http://www.youtube.com/watch?v=OAenookaiH0

Introduction
RENAULT history in automated vehicles

OBELIX

PAM“ ROUZEN NORMANDY
C%gONOMOUS

- T
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

ADCC c PARIS-SACLAY SRCUNITS . i
Autonomous Driving Commuter Car AUTONOMOUS MOBILITE AUTONOME
LA3 Expérimentation du Véhicule Routier Autonome

Why to improve the existing lateral control?
» It needs control tuning for each kind of RENAULT vehicles
» ltis limited to low speeds (< 50 Km/h)
» It requires time to re-tune the controller by the engineers

VALEO RESERVED Valeo

2023 |
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Introduction
Automation Levels

Driving automation divided into 6 levels''
e Automated Driving System (ADS) perform the entire Dynamic Driving Task: levels 1-5

DRIVING TASKS & ACTORS
AUTOMATION INFORMATION & LONGITUDINAL & MONITORING & CONTROL OF THE
LEVELS WARNINGS LATERAL CONTROL AWARENESS EALEBACR DECISION, VEHICLE

)2

o
© |owl S

' d
-
~

o
b
©

Degree of assistance
’

OR
DD DB

ol
O
»
[©

v

Degree of participation of automation in the driving-related tasks

1SAE International 33016_201806 - Taxonomy and Definitions for Terms Related to Driving Automation Systems for On-Road Motor Vehicles, 2018

Vale
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https://saemobilus.sae.org/content/J3016_201806

Introduction
Functional components of an automated vehicle

Sensors Localization & Environment

Behavior & Motion Planning

Navigation &
Decision Making

( Vehicle Control \

& Actuation

\
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Introduction

Vehicle control & actuation

Longitudinal Control: it is responsible to regulate the vehicle speed such as Adaptive
Cruise Control (ACC) or vehicle following. It controls the throttle and brake actuators.

Lateral Control: it is responsible for vehicle manoeuvring such as lane-keeping,
lane-changing, collision avoidance, parking, etc. It controls the steering actuator.

Wy
Wref —>é—‘ Lateral Control
Look-ahead
Nav'gation ’
system
( S(ecﬁng | ( \
vref l\, wheel . ¢ oz
) . _ Throttle | = \
—*?—0 Longitudinal Control oy 4
| rake | iy
Uy
VALEO RESERVED 2023 | 10
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About LPV
LPV System

External Controlled
inputs outputs

z(t) = Ci(p(®) x(t) + Dy (p(®)) w(t) + Di2(p(t)) u(t)

{ x(t) = A(p()) x(t) + B1(p(©)) w(t) + Ba(p(t)) u(t) w
G(p):
y(@) = C(p(®) x(£) + Da1(p(£)) w(t) + Daz(p(t)) u(t) u

Control Measured
inputs outputs

* p(.) isassumed to be known or measurable

* The parameters p are always assumed to be bounded in a compact set P defined by their
extremums

pi(t) € [&;E]» Vi

* The system matrices are continuouson 2.
* |tis required sometimes that

pie) v v, i

* The parameters can be endogenous if they are state-dependentp = p(x(t),t), this leads to a quasi-
LPV system

VALEO RESERVED 2023 | 13



About LPV

LPV lateral bicycle model (Steering Control)

(i() = Ag(p) x(6) + By u(t)
"(”)'{ Y = [0 1] x()

Cr+Cf Cflf C.l
li)yl _ mvy mv, |[v] l \
wl ™ | ¢t Gl Crly
N Iv, Iv,
A):(P) By
]

Not affinew.r.t. p

* G, Crly, lr,m, I are known constants

VALEO RESERVED 4 2023 | 14



About LPV

Generalized LPV lateral model for Heoo control

Steering actuator model X, .
K Controlled input: D 6 Measured output:
P — =Tg4s steering act Yaw rate
act — 2 z €
§%4+2{wp s+wy
Controlled output
T s (T 5)2 ontrollea outputs . r_‘
1-Tas (Tas) | Ve L
o -Tgs — 2 12 . v
e - 2 Nt e o) o (5 i W W 6t W -
Tgs , (Tgs)
1+—+
2 12 n External inputs
actuator
isi bandwidth
rl|S|ng - maximum allowed effort of the
robustness s | time-response \ actuators
M, "W d 2
w (S) — s s + M /
e
S +wpe W,(s) =———
€S+ Wh.,
steady-state tracking
error noise rejection at high
frequencies
2023 | 15
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About LPV

LPV system representations

Polytopic

Grid-based

Linear Fractional Transformation (LFT)

Polytopic

P2
[

‘:l_1 P1
2y
A(p) | B()] _ Aw) | Bw)
[C(p) D(_p)]‘;“f(”) Cw) D(wi)]

Ui (p) are the scheduling coefficients satisfying:

u = 0Vi
VALEO RESERVED i=1

* Affine parameter-dependency
* Convex parameter region

—I Ap) = 4o +Zﬂx :
i=1

General parameter-dependency
* Bounded parameter variations

—I Alp) = A0+Zp"Ak
k=1

Grid-based

Fractional parameter-dependency

Xx=A;x+ Bju
y=Cix+Dju

P P P

For p € [pr, Pr+1]:

16
[A(p) B(p) () ]
Clp) D(p) z: i [C D;
where:

Pk+1—Pk

P—Pk
Prk+1—Pk

2023 | 16




About LPV

LPV/Heoo control design

VALEO RESERVED

w G(p)
U
K(p)
Polytopic and grid-based control
design

The objective is to minimize the £, induced gain from the external input w to
the controlled output z. This is achieved by solving the following £, induced
minimization problem:

1zll2 < Voo lIWl

and Y, > 0 to be minimized, represents how much the demanded performance is
achieved. If Y, < 1, the demanded performance is totally achieved by the controller.

¢ Note:

Polytopic control design — Constant Lyapunov function P
Grid-based control design — Parameter-dependent Lyapunov function P(p)

N—

2023 | 17
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About LPV-YK

Outline
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About LPV-YK

LTI-YK case
SISO LTI-YK definition TA?—[ K(s) ]L—[ G(s) ]—‘
CL(s) = G($K ) Q(s) = K(s) then,CL(s) = G(s)Q(s)

1+ G(s)K(s)’ 1+ G(s)K(s)’

Coprime factorization

G = NM™1, K = UV~1 satisfying the Bezout Identity

WTE
f—; g

Parameterized controller

K@) =U+MQ)WV+NQ™

Proved theorem in the literature

If K(s) stabilizes G(s), then Q(s) is stable and K(Q) stabilizes G(s) where M, N and U,V €
RH, are the coprime factorizations of G and K respectively.

VALEO RESERVED 2023 | 20



About LPV-YK

LPV-YK parameterization

The plant and the controllers can be factorized (from left and right) as a product of stable
transfer function matrices with stable inverse, as follows:

G(p) = N(p)M™(p) = M (p) N(p)
K(p) = U@V(p)=V71pU (p)

Satisfying the following Bezout Identity:

[V(p) ~U (p) [M(p) U(p)]z[M(p) U(p)”V(p) ~U (p) =[1 0]
—N(p) M(p) |[IN(p) V(p)I IN() V(p)I|-N(p) M(p)

LPV-YK Parameterization

K =K(p)

VALEO RESERVED
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About LPV-YK

LPV-YK parameterization
Multiple LPV-YK Parameterizations

Assume multiple LPV controllers K;(p) = U;(p)V; *(p) = V"2 (p)U;(p) that can be parameterized
with respect to a chosen nominal LPV controller Ky(p) = Uy (p)V5 1 (p) = V5t (p)Uy(p) as:

Ri(p) = K(0) = (Us(p) + M(p)0: (0)) (Vo (p) + N(p) Qi ()
i~ ~ _1 ~ i~
= (%) + 0 ()N (@) (To(p) + 0: ()M ()
= U;(p)Vi *(p) = K;i(p)

Interpolation of multiple LPV-YK Controllers

R(p.1) = K(Q) = (Uo@) + MO (%@ + N@A0N) e,
= k(Q) = (%op) + 0. NA) " (To (o) + o ()

Where Q(p,y) = Zf=1 viQi (p)

ify; = 0Vi, K(p,y) = Ko(p) 3
ify;,=1fori=ce€l[l,{]andy; =0Vi+#c,K(p,y) = K.(p)

else, the performance of K (p, y) is interpolated among K;(p) according
to the chosen y;’s.

VALEO RESERVED R 2023 | 22
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LPV-YK Control Structures

VALEO RESERVED 2023 |




LPV-YK Control Structures

Objectives
1. Switching between partitioned parameter 2. Interpolation of control performances (e.g.
regions (e.g. partition vehicle speed region) multiple lateral control tasks)

.. . 2
Rising time t£1) Rising time t£ )

. 2

Actuator bandwidth Wl(ll) Actuator bandwidth WE; )
2

Steady-state error eg) Steady-state error egs)

VALEO RESERVED Valeo 2023 | 25



LPV-YK Control Structures

1. Partitioned parameter regions

* Design multiple LPV controllers, each one
corresponds to a certain parameter region P;

* The aim is to maintain a closed-loop robust
performance over a wide parameter variations

* Switch between the multiple LPV controllers

with smooth transient response at the
switching instants

VALEO RESERVED R

2023 | 26



LPV-YK Control Structures
1.1 Grid-based LPV-YK control *

1. Design multiple LPV controllers K;(p),i € I[1, N]
All K;(p) are designed based on the standard grid-based

approach with similar performance. Yi A e e
A
2. An overall switchingis obtained with switching signal 1 S, e e
vectory(p) = [y1(p), -, Y (P)]. . ¥ '
Ki(py1) | Ka(pv2) Ry1lpvn-1) | Kn(p,vn)
eoge e ® 0 I * + oS + q p
Stability Conditions S op, ?, Py ?N i
P (P p
1. Each K;(p) must exponentially stabilize G (p) over P;.
2. The following LMIs are satisfied:
X,
AD)Xe(p) + Xy(p) AT(p)+Z v, 7, } S+ BW )+ WT(B] <0
Aro(0)Xico(P) + Xieo () Al o(p) + Z vj,vJ ——L + Bio(0IV(p) + VT (p)BE,4(p) < 0
* [Atoui et al, (2022)] Advanced LPV-YK Control Design with Experimental Validation on Autonomous Vehicles, under revision in Automatica
VALEO RESERVED 2023 | 27
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LPV-YK Control Structures

1.2 Partitioned gain-scheduled control *

1. Design multiple YK-based gain-scheduled controllers

P2+
Ki(p), i €1[1,N]. 1 & -
= . . . . . ke e
Each K;(p) is designed by interpolating its corresponding K; | ! v
I !
(j € I[1,2™]) based on LTI-YK concept. E\ !
~ | A |
2. Create an overall switched LPV-YK controller K;(p). |
Klll N K13-[VK2(I’)
- 1, Ki(p) t
Stability Conditions r ¢ A
1. G(p) must have affine parameter-dependency. : } t ; > P
(p) P P ¥ P Py P, P; Pr-1 Py P 1

2. Only K,(p) must quadratically stabilize G (p). The
other K;; must stabilize the local systems G;;.

3. The following LMIs are satisfied:
Ap)Xy + Xy AT (p) + B,W(p) + W' (p)Bf <0
Ak,O(Wij) Xk,ij + Xk,ij Ai,o(wij) + Bk,O(Wij)Vij + VS Blzt‘,O(Wij) < 0, VWij

* [Atoui et al, (2022)] Advanced LPV-YK Control Design with Experimental Validation on Autonomous Vehicles, under revision in Automatica

VALEO RESERVED R 2023 | 28



LPV-YK Control Structures

2. Multiple closed-loop performances

KD (p) K®(p)
e Design multiple LPV controllers over the same
parameter convex region
e Each LPV controller achieves a specific required
closed-loop performance, i.e. rising time, steady-state
error, etc.
® Interpolate between the multiple LPV controllers to
adapt the system performance according to the
situation
Rising time til) Rising time tﬁz)
Actuator bandwidth Wl(ll) Actuator bandwidth wflz)
Steady-state error ei? Steady-state error eg)

VALEO RESERVED | 4 2023 | 29



LPV-YK Control Structures

2.1 Polytopic-based LPV control interpolation *

1. Design multiple LPV controllers K9 (p), j € 1[0, ¢]. Y2
All K9 (p) are designed based on the standard
polytopic approach. K@ (p)
1
. . . . . R(p,[0,72])
2. Anoverallinterpolation scheme is obtained withy = s
[V1, ---»V(]- A2 R
all JaN
0 — :P
Stability Conditions EPE i \/. _\
1. G(p) must have affine parameter-dependency. KD )
2. All KY)(p) must quadratically stabilize G (p). ! Y1
3. Thefollowing LMIs are satisfied:
Ap)Xy + Xy AT(p) + B,W(p) + WT(p)B] <0
A(O) X X A(O)T B(O) vV VT B(O)T 0
k(p)k+ k A (p) + k PV (p) + (P)k (p) <
* [Atoui et al, (2021)] Interpolation of Multi-LPV Control Systems Based on Youla—Kucera Parameterization, published in Automatica
2023 | 30
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LPV-YK Control Structures

2.2 YK-based LPV control interpolation *

1. The LPV controllers K'Y (p),j € I[1,{] are designed
based on YK parameterization.

2. Only K© (p) is designed based on polytopic approach

3. Anoverallinterpolationscheme is obtained withy =

[ylr Sy Y{]

Stability Conditions
1. G(p) must have affine parameter-dependency.

2. Only K ©(p) must quadratically stabilize G (p).

3. Ki(j) must stabilize the local LTI systems G;.

4. The following LMIs are satisfied:

A(p)Xg + X A" (p) + BoW(p) + W' (p)B] <0

A Xi + Xii AT+ BV + VBT <0,

,L

Vi

* [Atoui et al, (2022)] Multi-Variable and Multi-Objective Gain Scheduled Control Based on Youla-Kucera Parameterization: Application to Autonomous Vehicles, under review in

International Journal on Robust and Nonlinear Control (I/RNC)

VALEO RESERVED N =0
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Summary

Grid-based LPV-YK Polytopic-based LPV-YK

K@p,v)
Yi (—————————)

Kq(p) K> (p) Ky-1(p)  Kn(p)
— >

>
Kop) *v TP > 01
Interpolation of polytopic LPV Interpolation of YK-based LPV
controllers controllers
Y2 Y2
) il Y
N el | B S (I I
L1282 I LICAIZ52)) IS
A K90 V\ ~ V‘ A LK@ V\ 7
0 0
VL rer DNV P RETENNA P
fryy2D (1
K™ (p) e PR g L KD,
! Y1 Y1

VALEO RESERVED Valeo 2023 | 32
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Application to Autonomous Vehicles
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Application to Autonomous Vehicles

Experimental Architecture

Robotized Renault ZOE Platform architecture

. r System Management
l 1 Behavior & Motion Planning -

Sensors / Localization & Environment

| Perception Localization —‘— Navigation & Ct++
__I“‘ ‘ Decision Making i

T - — —— = .

: | , Vehicle Control MATLAB

: World Model B

& Actuation il SIMULINK
: J_. Control System

e e i
| g !
P o Acceleration '

. Brake 7
S — - - - T - - - - --

Intelligent Infrastructure

VALEO RESERVED 4 2023 | 35



Application to Autonomous Vehicles

Lateral control: closed-loop scheme

K(p) Zact Z(p)
Look-Ahead Wref Lateral 8¢ | Steering 6 Bicycle
! Reference ?-‘ Control l Actuator Model
J
|
" w

Vehicle (vx x,y,0)

-
Trajectory (X,Y,0,.f) \

VALEO RESERVED 2023 | 36



Application to Autonomous Vehicles

Satory private test-track

VALEO RESERVED Valeo 2023 | 37



Autonomous Vehicles Lateral Control

Challenges and Motivation

1. Design a controller for vehicle lateral motion achieving comfort at low and
high-speed ranges.
* LPV-YK parameterization facilitates parameter region partitioning and attain
robust performance over the whole parameter region.

VALEO RESERVED 2023 | 38



https://docs.google.com/file/d/1sac3AJRyEwGHeLVdIaM8sYtq94qzg4ej/preview
https://docs.google.com/file/d/1fCHojxOWTdzX8KdXXxHR1JHhY6_3O9ys/preview

Autonomous Vehicles Lateral Control

Challenges and Motivation

2. Design a multi-objective switching controller that can handle various lateral

motion tasks.

e LPV-YK switching control can handle multiple control objectives under any

arbitrary switching signal.

r

e

~§

5 % i

|
I Obstacle avoidance

M\m :
Lane changing

N

o

B Automated exit

s =
Use controller K4

Vehicle Situation

—>>

VALEO RESERVED

rl—l—
o = - a

@/—
I Lane Keeping

Lane Keeping in
curved road

Others: aggressive maneuver, vehicle u
oscillations, ...

U — 4

Use controller K,

Y
Control Supervisor
) Lk
2
1-y

2023 | 39



Autonomous Vehicles Lateral Control
Global Objectives

Reject noises on steering wheel at high vehicle speed
Perform control switching with smooth transient response at the switching instants.

Achieve different lateral control tasks; e.g. lane change, obstacle avoidance, etc.

Look — Ahead Wref
System

a A

Vehicle (vx,x,y,0)

Trajectory (X,Y,0,.)

VALEO RESERVED | 4 2023 | 40



Autonomous Vehicles Lateral Control
Challenge 1

Reject noises on steering wheel at high vehicle speed

Perform control switching with smooth transient response at the switching instants.

Look — Ahead Wref
System

a A

Vehicle (vx,x,y,0)

Trajectory (X,Y,0,.)

VALEO RESERVED | 4 2023 | 41



Autonomous Vehicles Lateral Control

Challenge 1
3100 T T T T T T T T T T T T
20|
3050 1 <
E15 2835 284 28.45
3000 1 =
< 10 |
—2950 - 1 2
£ 2, ]
o n 5
> 2900 - E
0 1 1 1 i i ) 1 1 1
2850 | 1 0 20 40 60 80 100 120 140 160
Time(s)
2800 .
4 — . . . . .
2750 ) ' . . : 5 \
0 200 400 600 800 1000 1200
X (m) % 3 B 328.3 2835 284 28.45
2
G 2t -
0 20 40 60 80 100 120 140 160
Time(s)
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Autonomous Vehicles Lateral Control
Challenge 1: Grid-based LPV-YK

Switching

TransitionM

T

X

20 o

-
o
T

YawRate (deg/s)
=}

1

-

o
T

L

284 286 288

29

NAV]|

4

2

0

4a7.4 47;5 478 48 l48.2 48.4 |

-2
-4
-6

[ [ [ "[—LPV — Switching
04 ——Grid — based LPV — Y K| |
E
§ 0.2 1
i
®
g 0
- |
-
0.2 1
1 NA ik 1 1 1 1 1
0 20 40 60 80 100 120 140 160
Time(s)
=—— LPV — Switching I [ | I i "[—LPV - Switching

~——Grid — based LPV — YK ||

1226 1228 123 123.2 1234 1236

e _

0 20

40

60 80

Time(s)

100

120 140 160

——Grid — based LPV — YK

5 0
g 100} . 1
% . 284 286 288 29 | 29.2 294 :;(5) ‘%&
= 25
5 50 1226 1228 123 1232 123.4 1236 |
c
o
|8
()
2
@ 50t
| NAV|
0 20 40 60 80 100 120 140 160
Time(s)

LPV-Switching: [Bei Lu and Fen Wu, (2004)] Switching LPV control designs using multiple parameter-dependent Lyapunov functions, Automatica 2004

VALEO RESERVED

Valeo
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Autonomous Vehicles Lateral Control
Challenge 1: Polytopic-based LPV-YK

4 T

w
T

2835 284 2845

Subset P
M)

T T T
= Gain — scheduled LPV — YK
= Partitioned LPV — Y K 1

o 20 / 20 60
Switching
back-and-forth

80 100 120 140

Time(s)

0 20 40 60 80 100 120 140 160

9.99 T
9.98 |
9.97 f
|
1

N
o
T

9.96
9.95

28.3228.34 28.36 28.381 28.4 28.42 28.44

-
o

YawRate (deg/s)
o

'
-
o

——Gain — scheduled LPV — YK
—— Partitioned LPV — YK
= =Switching Times

0 20 40 60

Time(s)
——Gain — scheduled LPV — YK :
—— Partitioned LPV — YK ) 4
= =Switching Times % 100 'z
;’ 2
=)
c
< 50
€
=
('S
g ¢
o
2
(2]
80 100 120 140 160 Steering
noises

Time(s)

100
Time(s)

Gain-scheduled LPV-YK: [F. Bianchi and R. Pena, (2010)] Interpolation for gain-scheduled control with guarantees, Automatica 2010

VALEO RESERVED

N—

2023 | 44



Autonomous Vehicles Lateral Control
Challenge 2

Achieve different lateral control tasks; e.g. lane change, obstacle avoidance, etc.

Look — Ahead Wref .
System

A A

Vehicle (vx,x,y,0)

Trajectory (X,Y,0,.)

VALEO RESERVED | 4 2023 | 45



Autonomous Vehicles Lateral Control

Challenge 2: Interpolation of YK-based LPV controllers (Simulation)

" . . . . . .
30 T T T T T T
251
= 0.5
=
E20 -
3
15 . ‘
200
10 | | | . . ! i
0 10 20 30 40 50 60 70 —n (:
Time(s) 150 | - 0.5 " | | 05| 52 53 54, 55 56, 57 58
0 10 20 30 40 50 60 70
100 - i Time(s)
£ -
i © If 6, < 0.1,y,(t) = sat(—y, + 1.4 + 0.15,[0,1])
S0 X 1 e 1f6, > 1,y,(t) = sat(—0.7y, + 1.4,[0,1])
m— Trajectory
—K9(p) - \ * "1 (t) =1-vy (t)
0 fl—F (p,[1;0]) 1
—K(p, [0;1])
50 L= Ko | . " . =405
6 : ; ; : ; . 600 -500 -400 -300 -200 -100 O 100 200 0.3 . . . . . :
X (m)
4 E @ 0.2 b
N ®
£ . = 041 -
e 3
@ o . ‘% 0 y
E oD
[ c
T -2 1 = -0.1 g
= § —%0
g . . —K(p, [1;0]) |
4 o — K (p.[0;1])
—K(p,7)
5 03 ! ! " . ! !
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Time(s) Time(s)
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Autonomous Vehicles Lateral Control
Challenge 2: Interpolation of YK-based LPV controllers (Experiment)

60 T T T .
£
X' 40
¥
T 20
[=
w0
0 I I | |
0 20 40 60 80 100
Time(s)
Y T T T T
04 ! ! . .
K(p,1,0] 1 K(p,[0,1]) 1 K(p,[1,0])
1 1
— 1 1
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Challenge 2: Interpolation of YK-based LPV controllers (Summary)

Controller

Value of interpolating

200

150

100

Y (m)

m— Trajectory
——KO(p)
0 f—E&(p, [1;0))
—K(p, [0;1])
= =K(p,7)

-50
-600 -500 -400

Control objective

-300 -200 -100 0 100 200
X (m)

Advantages

Disadvantages

vector y
- — 7(0) Hishlv rob High noise rejection due to bad environment : :
K(p,[0,0])) = K (p) [0,0] ighly robust condiiants: s e, o6 Inaccurate tracking performance and conservative
- Good tracking performance Oscillatory and cannot perform well
=K g pe ry pe
Ko 1, M) =K(A) (1,0] Smoofhy trackes with smooth steering at high lateral accelerations
- : Fast tracking performance and could & ;
=K g pe
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How to choose an optimal interpolation logic?

Heuristic Rule
« 1fh, <0.1,¥,(t) = sat(—y, + 1.4 + 0.15,[0,1])

s If6, > 1,y,(t) = sat(—0.7y, + 1.4,[0,1])
* 1) =1-vy20)

1 I ] I ] I ' ] Learning-based methods
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LPV-YK interpolation based on RL
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RL-based Interpolation: Simulation
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Conclusions

Final words

LPV-YK Flexibility

v’ Ensures stability from its parameterization structure

v No limitations on the interpolating/switching signals

v Switched controllers can be designed separately, even with different dynamics and design concepts
v’ Achieves smooth transitions at the switchinginstants

v It works on real time implementations

LPV-YK Complexities
» It may reach to a very high order (>22 states)

» The dynamics of YK parameter Q affectthe whole closed-loop performance

» The design of an optimal Q is not solved yet
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Conclusions

Conclusions and Future Perspectives

LPV-YK control switching ensures closed-loop stability:

1. without requiring an instantaneous design of the local
LPV controllers.

2. for any continuous/discontinuous switching signals

3. with smooth state and control input transitions

The LPV-YK control structures have shown interesting results at A next step can be done by testing them in more complex
high vehicle speed. environments, i.e. friction drop, gust wind, higher lateral
accelerations.

The multi-objective LPV-YK control structures are needed to handle
different driving situations.

The RL-based LPV-YK interpolation has achieved better efficiency, Improve the link between the decision-making and the control
and comfort. systems which leads to higher vehicle performance.
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