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Mobllity associalchallenge

1 | ZeroEmission
2 | Demographipressure

3 | Riskof accidents

4 Increasingraffic
density

5 | Assistancsystems

Source VDA

AFuelconsumptionreduction
AReducingmission

ASupport ofinsecurdeaders
Alncreasehe elderlymobility

AAvoidancef the accidentdy reducingthe effect
of humanmistakes

AManagement ofransportprocess
AComfortable time-savingravel

Alntelligentsensordor appropriateprocess
Alntelligentactuators(steering brakes etc.)




Mobility associalchallenge

Longitudinatontrol Transverseontrol Parkingmaneuvering
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Automatedparkingassistant

ACQraffic-jamassistant

emergencybrakingassistant keepingassitant

Lanechangingassistantlane-

Lighting Drivesupervision Environmentasupervision

DS
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Adaptivelongdistancdighting,
adaptivecorneringligths

Fatiguesupervision Trafficsigndetection ‘

Source: VDA
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iBility

Levelf automatization

The role and responsibility of The role and responsibility of the
the driverjustlike today 1 driver changeggalbackground

i ' i l¢KS RNA @S
The driver The driver The driver ¢
controls the controls the constantly : ganrt\%S?{lrféanﬂy
vehicle, both vehicle, either  supervisesthe | SUBETY
_ | longitudinally longitudinally or systems 1Sy,
G | andtransversely  transversely ' The vehicle is
= : The intelligent fully automated,
b | tsglfées}rggg{%l the driverdoes
S The intelligent [ ’ not have to
T systems take thef| Intervenes, even il supervise the
g : | in critical svstem
> o control in both situations. The Y
The intelligent lonaitudinal and : :
No acti systems t?ar?syers:} - il
o active : . ansv :
intervening intervene n the direction for a : te;k%ug:nttllfgje L
system other direction given time :
: Driver Partially ' Highly Fully
Onlydriver support automated automated automated

Levebfautomatization ==
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Mobility associalchallenge
Changen R NJA @eSpudRikility

TODAY 2017 TOMORROW?2020 FUTURE 2020

Autonomous
Automated driving
Lane Longitudinal ~ =M€'9eNY  Active N S Lowfollowing
departure brake . detectionin The driver .
. control steering + LKA distancelower
warning system deadspot cando other fuel
activities .
consumption

DRIVER IS PART OF THE VEHICLE CONTROL
o«C!' L] {!'C9¢ {. {¢t9a

Source Volvo KnoreBremse
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Mobility associalchallenge

Source Technologierevieyl/ DA

A Can we take away the enjoyment of driving from the
driver?

Asdifferentto the other ceoperatively drivable
vehiclegplane boat, rail) we mustbe readyto
managethe vehicleto handlethe dangerous
situationswhile havinghuman participants with
unperfectand very different abilities?

What is the base of decision if we makbosefrom
two bad options?

Liability and legal concerns

Will the drives be mentally overloaded by the fact,
that they do not control the vehicle?

Can we guarantee, that autonomous vehiclébnat
be put in noRproper use?
\4

Number of test/use cases is unknown

To

o To Do Do
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Why Hungary?



Long term competency in electronic vehicle control

Highlevelresearchalreadyinthey n Qa

ESRvith brakeandsteeringintervention

Intelligent 4WS  ESHor trucks Internationalregulationfor ESP (WP29/GRRF)
initiated by the Hungarian government

~ 1987 i 1995 . 2001 = 2004 2006

{.j: WhyHungary?




Long term competency In electronic vehicle control
Participation in all relevant large scale EU FP projects

SPARC @ HAVER TRUCK-DAS

Cooperative Powertrain Secured Highly Adcanced Truck Driver
Vehicle Equipped with Propulsion Using Vehicle and Assisting

Infrastructure Intelligent Advanced Infrastructure Systems
Systems Technologies Redundant Control

Budapest University ~ Hungarian University {T SOKSyYy University

of Technologyand  Academf of Szeged University of Pannonia
Economics Sciences

. WhyHungary?




Long term competency in electronic vehicle control

Do Po Do o Do Do Do

To To o

Industrialpartners(BOSCH andnorrBremse
AcademicabackgroundBME, ELTE, MTA SZTAKI)

Globaltrendsandactualdevelopmentsn automotive
4 OEM2a@nd15 TIERtompaniedrom Hungary
Constantneedfor qualifiedengineers

Higheraddedvaluecomparedio manufacturing
ROlcalculationat nationaleconomylevel
Speciatesearchfundingprograms

MTA
SZTAKI
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AutonomousVehicle ContrdEngineeMSc in English, 2018, Budapest, BME
Computer Sciender AutonomousDrivingMScin Englisi2018,BudapestELTE

Vehicle TesEngineeBengin Hungariar2018, Zalaegerszeg
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Industrialbackground

Almotive AVL, BME GJT, BOSCh, @ AAMOTIVE
CommsigniaknorrBremse Continental, EVOPRO, NKH, NI,
SZTAKI, ThyssenKrigipstE  (Rkeinland ZF AV L
A Detailedtechnical specificatioof the classic elements of ) BOSCH

vehicle dynamicand physical structure of treitomated
vehicletests

A Draft specificatiorof the autonromousenvironmentandrelated C mmsignia
communicationnfrastructure

A Technicabroposal for autonomous vehigheblicroadtesting ) p evopro
BME HIT, BME KJIT, BPC, Ericsson, HUAWE], i KNORR-BREMSE
KapschMagyaryY | 1, Magyar Telekom, NFM, NMHH, Nokia, ) L.
Oracle, RWE, Siemens, SWARGYstEms, Vodafone P
(compared to the new members of the automotive working &
g rou p) thyssenkrupp
A Detailedspecificatiorof the autonromousvehicleenvironment A |
andrelatedcommunicationnfrastructure | inibiniindd
@ %
® & ¢ o
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Committmentof the HungariarGovernment
Investment into a European level RD infrastructure

A Capacitwonstraintdn Europein areaof vehicledynamictesting

A Technologghangdn vehicleindustryc singlevehiclevs.co-operativevehicle
control: different developmentenvironmentis required

A Decisiorof HungariarGovernmentn 2016:
VehicleProvingGroundasresearchnfratructureto be createdat Zalaegerszeg
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Committmentof the HungariarGovernment

Investment into a European level RD infrastructure

CONTROL Industry  policy Coordination Coordination
LEPSENYI I . DR. PALKOVICS L. DEUTSCH T.
. i i '
POLITICAL . - .
E 1 LAYER L Strategic Partnerships L Government Decisions L Resources
C
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c
A
: Viehility Platierm
A Dr. Szala¥s
D
v . . . . .
| Tender / financial support Secretariat Communication / socialization
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¥ | OPERATION _ ; ; ; _
B | LAYER ( . ( APZS '~ External IcT ' Legislatiorand ) |  Economic
2 Siand el infrastructure infrastructure standardization diplomacy
R Electtified C Education C Provingsround C Road C V2Xi ITS G5 '?rgjtte?rrg(t)ig\r{glélc C | nptomdtion
D Huba B G M.ScAVCE C Univ Research G. G R76 C Cellulat4G/5G) CWp.1 G ZoneConcept
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Whatdo we offer?



Multi-leveltestingenvironment

A Beableto sincludingthe
autmatedand connected vehickests including pass car, and commercial
vehicles

must beconformwith internationally
acceptedstandardsand the customeneeds

for customersshouldbe providedon-site (fueling electric
chargeymeal office, workshopetc.)

trackmodulesfor speciakeventsandtests

A The testmodulesshouldbe the developmentand the
publicareasshouldbe fully separated

opportunity for autonomousvehicles
A Representative for presentationsandconferences

one



ProvingGroundSystent Overview

Office and
_ workshopsfor rent

Development:entres
of companies

Main entrance an
~control centre

,/ ®

{ Nextdoor service]
providers

m 1 Research center '

Pl
Customer zone ‘\ .
ies

University campus ki
Related faciliti

A :
Supplier zone ﬂ! & (event center, etc.

| @

Dynamidest elementsl:

A Dynamicplatform

A Brakingsurfaces

A Handlingcourse

Smart City Zone |

Buildings

Preparatiorof high-speedoval

A Dynamidest elementsl|
A Smart City ZoneHlll

A Buildingdl

A Highspeedoval

® & o o
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Multi-leveltestingenvironment
Buildingsandfunctions

Controlcenter

Workshops {i\ %
andoffices !
M=1:10000 ||_J7]

Main entrance
building

Service providers

Research center,
University building



Multi-leveltestingenvironment

Realpublicroad

Intercity and )
environment

motorway

Controlledpublicroad

Real city tests

environment

Provingground Controlledsystemtest

Componentest,
Laboratory integrationtest
: : Conceptuablnd
Simulation ;

feasabilitytest
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Multi-leveltestingenvironment
From computer to real traffic essential for automated driving

3 Provingground o S— Controlledsystemtest

if.] Whatdo we offer?



Multi-leveltestingenvironment
Combined traditional and autonomous testing modules

AN\ SCRTANES
| ! %
i L

M=1:1C 000

l IHIGH SPEED OVAL

| IDYNAMIC PLATFORM

I IRAKING PLATFORM
I HIGH SPEED HANDLING
T LOW SPEED HANDLING
[ |AD

[ MOTORWAY

[ RURAL ROAD + ROADS
s HIGHWAY

l 110% SUPERELEVATION
[ SLOPES

I |IBAD ROADS
I KICK PLATE
N NOISE MEASUREMENT
[ IWATERBASIN
[T SERVICE ROAD




Multi-leveltestingenvironment
Combined traditional and autonomous testing modules

if.} Whatdo we offer?



Multi-leveltestingenvironment
Example: High speed oval with automated drive functions*

" o g ; Parameters:

' " ' 3 4.400 m length

1.000 straight section
Curve radius 350m

max. 200km/h at curves
max. 250km/h at straights
1% inclination to south
3+1 lanes

V2X infrastructure for communicatiosst at high
speed

\4
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AD vehicle tegtervices

A Platooningat high speed motorway situations

A Cooperative vehicle contral high speed

A Fix position and movirapstaclegdummy car or pedestrian)
A Vv2l, V2\tommunicatiortestsat highvehiclespeed

. Whatdo we offer? S0
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* Other examples in the baglp \ zone



Multi-leveltestingenvironment
Example: Motorway with special features*

= —-==  Parameters:

1500m 2 x 2+1 lane motorway

100m real tunnel

100m artificial tunnel with different covers,
camouflage, steel net

Partly watered surface

5G test network

V2Xcommuntation coverage

GPS base station

Public road like layout (junctions, road surface,
geometry)

\4
AD vehicle tesgtervices
Platooningon motorway at realistic conditions, exits and entrances
Platooningand cooperative control with limited communication (tunnel)
Moving and statiobstacle
Speciakituations roadbuilding situation
Multi leveljunction

. Whatdo we offer?
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* Other examples in the baalp



Multi-leveltestingenvironment

To o Do Iw

To Do Do To  To Do Io I

Suitable for caperativevehicletesting (e.g. platooning)
Oldcarsfor sceneryspeciakars
Trafficgantrywith variablemessagesign

Railwaycrossingconstructionzone,pedestrian
crossingstrees moveableroadsigns tunnel, parking
placeslogisticyard,roadsideobjects variousstreet
lights SMART Cifgatures

Highwayroad situations
Ruralroad environment
V2Xcommunicatiorsystem

Environmentaimpactmeasuremenbpportunity (e.g
noisg EMCrain, fog)

Lightmeasurementrack
HighspeedmobilenetworkLTE, 5G)
Databaseboutthe environment
Externalmeasurementnfrastructure
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