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Autom_ation Levels

LEVEL 0 LEVEL 1 LEVEL 2

)

There are no autonomous features. These cars can handle one task at These cars would have at least
a time, like automatic braking. two automated functions.

LEVEL 3 LEVEL 4 LEVEL 5

These cars handle “dynamic driving These cars are officially driverless These cars can operate entirely on
tasks” but might still need intervention. in certain environments. their own without any driver presence.
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Futur_e Evolution
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Smart Vehicles @
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CAN Controller area network

GPS  Global Positioning System

GSM  Global System for Mobile Communications
LIN  Local interconnect network

MOST Media-oriented systems transport
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Control of Autonomous Vehicle 7
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ELEKTRA PROJECT

Elektra Autonomous Vehicle
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Elektra Au_tp(ll_rlous Vehicle [+

Computer Vision
RNN & Machine Learning

Computer Architecture Control
High performance computing Stability and Robustness
on GPU
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Development Tools

Unity 5.1.3
3D simulator
. . cH ROS
Matlab / Simulink Real vehicle tool

Known and powerful tool Microsoft CH+

Visual Studio
Programming environment
C++
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Kinematic and Dynamic Model

&y = v - cos(f)
Y = v - sin(f)

Oy = 2 - tan(9)

b= F.rcos(a)+F,psin(a=08)+F,rsin(a)=Farag—Ffriction
m

&= —F.rsin(a)+Fyp :‘::(075)4»}‘},,3 cos(a) w

o= F,pa cos(;SH»Fbe
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LPY models

e - Linear Parameter Varying (LPV) systems are linear systems whose
state-space matrices are functions of some parameter vector 0(z):

o.x(7) = A(O(0))x(7) + B(O(T) Ju(7)
(7)) = C(O())x(2) + D(O(7) Ju(7)

- The LPV system is said to be polytopic if:

A0@) BOON_$ oY B 2L e@)=1
( Jseeof? )

cO() D)) < D, a,(0(0)=0 Vj
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LPV Kinematic and Dynamic Model

&c = Ac(w.vg,0c)xc + Bouc — Bere

where
0 w 0 :|

Ac (w,vq,0¢) = [ —w 0 uydgte
0 0 0

&= A(S,v,0)@ + B(S,v,a)up + EFy,

where:
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MODEL PREDICTIVE OPTIMAL
PLANNING

Trajectory Planning using MPC

Objectives Model Constraints
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Trajectory Planner for Racing

NLMPC MPC
N
sin 6, R
mi!)l(iri;iz(t Jx = ’{ € minimize Jp=— Z (I,\T.MQ.I:,‘.-, + (]T«r,‘.*,)
B ) i i=0 I
- >
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Zhyivt = f(@hpispyi) o Tprip = AiTpaq + Bitgy
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G ye, (B igg. :
Yzmaz Ymaz B

l 0 < —muy +n— vy
where = [vy, vy, w, Ye, O] 0 < mvy, +n— v,

and u = [4,a]
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Trajectory Planner in Simulation o
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Trajectory Planner in Simulation o

NL-MPC kinematic planner.mp4
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Trajectory Planner in a Real Scenario

COMPLETED result_Berkeley. mp4
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Automatic_Co_IErol Scheme

LPV Control
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Autom_ati_c__Control

LPV Control
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Autom_zltic Control

LPV Observer

Proposition 1. Let the observer muning parameters Q = Q" > 0,
R=R" >0, the optimal performance bound ~ > 0, the decay
rate X\ > 0, the output matrix C' in (18) and the matrices A; in (24).
Then, the polytopic observer gains in (27) are obtained by finding Y
and Wi satisfvine the followine LMIs

2ne

YA+ ATY —W.C - CTWT + Y20 Y(QH)T Wi L(®) =" ji(®)L;
Qiy -1 0 <0 i1

wl 0 -R™t

I I
|:'y j|>ﬂA i=1,.., 2"

1 Y
(28)
considering Y = YT >0 and applying the transformation L; =
Yl
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Autom_zltic Control

LPV Control

Proposition 2. Given the LOR parameters Q = QT >0, R=
R" >0, the optimal performance bound ~ > 0, the decay rate
1 > 0 and the matrices Ap, obtained using (24). Then, the poly-
topic control gains in (29) are obtained by finding P and Wj
satisfying the following LMIs

Ap,P+PAp, — (BpW;)" = BpWi + 2P <0 ‘ Kp(®) =) ui(®)Kp,

wTRW, P@Q*)T
1
P (-@2)7!
0<P <~y

<0, i=1,..2""

(30)
and applying the transformation K p, = Winl.
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Unity scenario

Elektra autonomous vehicle

[iD

Elektra autonomous vehicle

Results

Matlab scenario

Experimental Results

Real scenario
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o= Experimental Results

Experimental Results
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Experimental Results

=)

—_ Experimental Results

Elektra autonomous vehicle
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FUTURE PATHS

Integration with Learning
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Application to a real car

A
IDIADA

Institut de Robotica
i Informatica Industrial
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Driverless Competition

DRIVERLESS
uPC

Driverless UPC

LEARN ABOUT THE PROJECT
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SEAT Autonomous Driving Challenge

Autonomous
Driving Challenge

Autonomous Vehicle

CARLA Autonomous Driving Challenge

Home  Challnge  Scenarios  Getstarted  Sub Workshop ~ Blog  About  Contact

Teams will submit their self-contained Autonomous driving (AD) agents to the

competition as Docker images:

AD agents will be evaluated on the task of safe driving, which requires the agents to
reach a target destination (goal) following a pre-defined route without traffic

infractions. During driving, agents will have to face challenging traffic situations

modeled after the traffic scenarios collected in the NHTSA pre-crash typology.

& .
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