Josef Bozek National Competence Center for Surface Transport Vehicles ::
EAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky

STROJNI
CVUT V PRAZE

Contents of Work Package DP 2 WP04 Integrated and Passive Safety of Road
and Rail Venhicles

Coordinator of the 2-WP04
TUV SUD Czech, responsible person Ing. Martin Sotola, Ph.D. (martin.sotola@tuvsud.com)

Participants of the 2-WP04

FME CTU - U12 120 Kolar J., FTS CTU — U16 123 Jirovsky V., Siemens Mobility Pohl J.,
Skoda Transportation (ST Pilsen) Vokoun J.,

Main Goals of the 2-WPO04:

2 — WPO04 - 004 (RR) - Creation of mathematical model of crash collision of a passenger
car-vehicle or light commercial vehicle with a light rail vehicle

(FME CTU + Siemens) Project deadline: 12.2020
2 — WPO04 - 006 (RR) — Report on concepts of autonomous vehicles and test
methodologies for autonomous driving (AD vs PS and OoP)

(TUV + FTS CTU) Project deadline: 12.2020
2 — WPO04 - 007 (SW) — Application of reaction space theory in testing scenarios for
autonomous systems.

(FTS CTU + TUV) Project deadline: 12.2020
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Josef Bozek National Competence Center for Surface Transport Vehicles :
EAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky

STROJNI
CVUT V PRAZE

Contents of Work Package DP 2 WP04 Integrated and Passive Safety of Road
and Rail Vehicles

Main Goals of the WP
2 — WPO04 - 004 (RR) - Creation of mathematical model of crash collision of a
passenger car-vehicle or light commercial vehicle with a light rail vehicle

A research report summarizing the second phase of the project, the design of a basic concept
and parameters of a mathematical model allowing to simulate the collision of a passenger car
or light commercial vehicle with a light rail vehicle. % }

2 —WPO04 - 007 (SW) — Application of reaction space theory
Application of reaction space theory in testing scenarios for autonomous systems in road
vehicles, including integrated safety systems and autonomous vehicles. Testlng software
application for HiL & SiL testing will be developed. T ———
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Josef Bozek National Competence Center for Surface Transport Vehicle
EAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky

STROJNI
CVUT V PRAZE

Contents of Work Package DP 2 WP04 Integrated and Passive Safety of Road
and Rail Vehicles

Partial Goals for the Current Period

2-WP04-001 Report on trends and future requirements for U12 120

passive safety features DTS FME Sliemizs
2-WP04-002 AnaIyS|§ of accidents stgtlstlcs _ _ RR 05/2020 Ui2 120 Siemens
of public urban and regional railways vehicles FME
2-WP04-003 Report on the possibilities RR 06/2020 U12 120 . Siemens
in passive safety improvement FME Skoda Transp.
2-WP04-004 Creation of mathematical model of crash U12 120
collision of a passenger car-vehicle or light RR 12/2020 Siemens
. ) . . . : FME
commercial vehicle with a light rail vehicle
2-WP04-005 Creation of mathematical model of crash U12 120 _
collision of person whit a light rail vehicle RR 12/2020 EME Siemens

T A i
TN01000026 . | mas St 3 E e @ snopa () za OP 2 WP 04 Martin Sotola, TUV SUD Czech

CVUT V PRAZE



Josef Bozek National Competence Center for Surface Transport Vehicle
EAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky

STROJNI
CVUT V PRAZE

Contents of Work Package DP 2 WP04 Integrated and Passive Safety of Road
and Rail Vehicles

Partial Goals for the Current Period

2-WP04-006 Report on concepts of autonomous vehicles

and test methodologies for RR 12/2020 TUV SUD U12 120 FME
autonomous driving (AD vs PS and OoP)

2-WP04-007 Application of reaction space theory in testing
scenarios for autonomous ui12 120 o e
systems. Testing software application for HiL & =i e FME el
SiL testing

2-WP04-008 In_tegrat_ed automated testbench for vehicles RR 12/2020 U16 123 TOV SUD
with various levels of autonomy FTS

2-WP04-010 Dissemination of results - Application of U12 120 L
reaction space theory Paper 12/2020 EME TUV SUD
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Josef BoZek National Competence Center for Surface Transport Vehicles =g~
] FakuLTA MobilitySympo a Kolokvium BoZzek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky s

STROJNI
CVUT V PRAZE

Contents of Work Package DP 2 WP04 Integrated and Passive Safety of Road
and Rail Venhicles

Brief introduction of interesting outputs

2 — WPO04 - 004 (RR) - Creation of mathematical model of crash collision of a
passenger car-vehicle or light commercial vehicle with a light rail vehicle

WHY: Issue — challenging requirements for frontal part of public urban and regional railways
vehicles from the passive safety point of view and standard use

HOW: From legislation and design trends through accidents statistics and methodology for
assessment to the possibilities in passive safety improvement

WHAT: Mathematical model of crash collision of a passenger car with a light rail vehicle

STRMTG, Tramway front end design

ekfene/fo ni
/' Zapuiténe svétlomety /

« Ziieniipitky fela vozidla
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Josef Bozek National Competence Center for Surface Transport Vehicles
) FAKULTA MobilitySympo a Kolokvium Bozek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky

STROJNI
CVUT V PRAZE

Contents of Work Package DP 2 WP04 Integrated and Passive Safety of Road
and Rail Venhicles

Brief introduction of interesting outputs

2 — WPO04 - 006 (RR) - Report on concepts of autonomous vehicles and test
methodologies for autonomous driving (AD vs PS and OoP)

WHY: Issue — partially missing ability to perform complex traffic scenarios safely

HOW: From common test methods description and new test scenarios development, through
risk analysis and safety methodology to special test toolchain

WHAT: Special test toolchain for safe testing

GVT 'J:UT resr Pra- WUT AER Pos_.s@hle
_c'ashes Lr‘s.sh.sysicn P—— colision
inte WUT activation point 1

azepatl mES T e kbt e
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oy Soft and Hard targets with VUT"
B s e . — under one toolchain
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Josef Bozek National Competence Center for Surface Transport Vehicles ::
EAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky

STROJNI
CVUT V PRAZE

Contents of Work Package DP 2 WP04 Integrated and Passive Safety of Road
and Rail Vehicles

Brief introduction of interesting outputs
2 — WPO04 - 007 (SW) - Application of reaction space theory

WHY: Issue - support for testing drivers in test scenarios of ADAS / AD systems

HOW: From mathematical model and technology concept definition through further
algorithmic definition and accident analysis to reaction space theory application

WHAT: HW/SW tool
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Josef Bozek National Competence Center for Surface Transport Vehicles =~
4 EakuLTa MobilitySympo a Kolokvium BoZzek JOBNAC 4. — 5. 11, 2020, CVUM Roztoky ' ‘
STROJNI

CVUT V PRAZE
Activities in DP 2 WP04 Integrated and Passive Safety of Road and Rail

Vehicles

2-WP04-001 (TN01000026/2-V10) Report on trends and future

requirements for passive safety features (10/2019)

The technical report assessing the needs to use passive safety features on public
transport vehicles and regional lines to reduce the consequences of the most dangerous
accidents has been published. This research is performed with regards to frontal part

of rail vehicles and driver cockpits.
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Zprava o trendech a budoucich po2adavcich na prvky
paslivni bezpeénosti

Report on trends and future requirements for passive
safety features
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Josef Bozek National Competence Center for Surface Transport Vehicles =~

EAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky

STROJNI
CVUT V PRAZE

Activities in DP 2 WP04 Integrated and Passive Safety of Road and Rail
Vehicles

2-WP04-001 (TN01000026/2-V10) Report on trends and future
requirements for passive safety features

Activities in 2020

- Monitoring of passive safety elements development for low-floor tram vehicles and
railway regional lines and suburban vehicles

- Monitoring of braking systems for railway regional lines and suburban vehicles

STRMTG, Tramway front end design

Naraznik s patronami a
protisplhovou ochranou

Zdroj: http://axtone.eu/tram/ * Sklon cela vozidla

* QOdstranéniostrych prechod
* Mékcené/odpruzené oblozeni
* Zapusténé svétlomety

* ZuzeniSpicky cela vozidla

Vicefazovy deformacni system EST
Duplex G1.A1
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Narodni cen

Josef Bozek National Competence Center for Surface Transport Vehicles
) EAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky
STROJNI
CVUT V PRAZE

Activities in DP 2 WP04 Integrated and Passive Safety of Road and Rail
Vehicles

2-WP04-002 (TN01000026/2-V10) Analysis of accidents statistics of
public urban and regional railways vehicles
There has been performed analysis of causes and consequences of rail vehicles accidents

with another road users in 2-WP04-002. The partial results have been presented during
PRORAIL conference in Zilina.

Activities in 2020 )
- Accidents statistics of public urban and regional railways vehicles (DP a DU)
- Creation of methodology for accident analyse and assessment
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EAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky

STROJNI
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Activities in DP 2 WP04 Integrated and Passive Safety of Road and Rail
Vehicles

2-WP04-002 (TN01000026/2-V10) Analysis of accidents statistics of
public urban and regional railways vehicles

Activities in 2020

- Accident analysis performance based on the developed methodology for pubic urban
and regional railways vehicles

omsan

Tab. 2-2 Statistika nehodovosti tramvajovych vozidel
Kolizni vozidlo Stativtika nehodovosti Iramvaji a voridel regionalrs

Celkovy pocet nehod OA |Tramvaj| NA |Chodec |Autobus | Kolo | Motocykl R
5 | Ceni - [ 782 ] 106 [ 93 [ 80 8 6 4 Tab 3 tik srazky kolejového vozidla iy deres i pan
£ | Gengbozni plevyy 13233 (13 Z:Jg 1;9 1; g g a2k patetnehad | podet im potet zrané
S| oz |Previ|ie0z| & (426 85 58 4 8 sobnim autem a1 | 1 12
° levy | 228 21 72 18 44 2 1 hodcem 205 15 88
¥| Zezadu | - | 26 | 33 | 2 2 5 0 3 Nakladnim autem 4 0 41
Celkem 4 641 175 898 385 142 17 25 kterem 17 1 ]
klistou 2 4 2
Motocyklem 8 2 L1
kem 6 1] 16
busem 2 o 4
- 228 0 16
k 853 143 302

Both these activities (001 and 002) lead to Report on the possibilities in passive safety
improvement (2-WP04-003, TN01000026/2-V10) and mathematical models of improved
frontal and cabin parts (2-WP04-004, TN01000026/2-V10 and 2-WP04-005,
TN01000026/2-V10) in 2020.
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EAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky

STROJNI
CVUT V PRAZE

Activities in DP 2 WP04 Integrated and Passive Safety of Road and Rail
Vehicles

2-WP04-003 (TN01000026/2-V10) Report on the possibilities

in passive safety improvement

2-WP04-004 Creation of mathematical model of crash collision

of a passenger car — vehicle or light commercial vehicle with a light
rail vehicle

2-WP04-005 Creation of mathematical model of crash collision

of person with a light rail vehicle

Activities in 2020

- Analysis of crash simulation SWs (research and training)

- Preparation and description of mathematical model of passenger car with a light rail
vehicle crash

- Preparation and description of mathematical model of person with a light rail vehicle

() za DP 2 WP 04 Martin Sotola, TUV SUD Czech
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Josef Bozek National Competence Center for Surface Transport Vehicles ::

EAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky
STROJNI
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Activities in DP 2 WP04 Integrated and Passive Safety of Road and Rail
Vehicles

2-WP04-006 (TN01000026/2-V9) Report on concepts of autonomous
vehicles and test methodologies for autonomous driving (AD vs.
Passive Safety and Out of Position)
1) Draft concept of passive safety systems with regards to the specifics of autonomous
driving (AD), OoP and accident configuration).

a. Research regarding restraint systems and AD has been performed (inc.
bachelor thesis and master thesis).

b. Preliminary research focused on literature research of comparable results
between common moderate overlap test (40% of vehicle width) and small overlap test.

c. Overview of the current principles of the OoP testing in the passive safety
testing area
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Narodni centrum kompetence

Josef Bozek National Competence Center for Surface Transport Vehicles ==

EAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky

STROJNI
CVUT V PRAZE

Activities in DP 2 WP04 Integrated and Passive Safety of Road and Rail
Vehicles

2-WP04-006 (TN01000026/2-V9) Report on concepts of autonomous
vehicles and test methodologies for autonomous driving (AD vs.
Passive Safety and Out of Position)

2) State of the art of EU and EHK legislation, incl. Working Group Perspective (GRVA ...)
— research performance

a. Presentation with the current status and development of ECE Regulation
related to ADAS/AD

b. Presentation with the description of new General Safety Regulation

c. Report with overview of the current and upcoming ECE regulations related
to the physical testing on proving grounds

Active Safety ADAS Regulations on UN Level Paiing
Technické novinky pro vozidla M1/N1
yp 1. Automated Steering: ACSF & ALKS:
Mowzawy systém udrFovani v jizdnim pruhu [C3) - Amendments to UN R 79
w  Pradpis neni znam - New Regulation
m  Pouze definice: jedna se o systém pomahsic fidiéi wdrzet bezpetnou pozici vezidls s ohledem na znateni neba hranice 7. AEBS for M1/M1 [UN R [152])

silnize, pokud dojde k vyboeni nebo pakud hrozi wyhoten' a naskedna kolize
* for rear end

+  for pedestrians
= for cyclists

w  SystEm musi jit snadno wwpnout, pii kafdem restaovani molon musi byt opét funkeni

dnigeh uslanovent B, pro vozdia a hydraulickjm posiovaden fzani pak C, sk mussi bl whavena

varowanim pi vyboten® z jizdniho prubu v datech dis B ~

3. Truck Automatic Emergency Braking AEBS
(UN R 131)

4. Blind Spot Info for Trucks BSIS

(UN R [151])

www.carhs.de
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FAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky

STROJNI
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Activities in DP 2 WP04 Integrated and Passive Safety of Road and Rail

Vehicles

2-WP04-006 (TN01000026/2-V9) Report on concepts of autonomous
vehicles and test methodologies for autonomous driving (AD vs.

Passive Safety and Out of Position)
3) State of the Art" NCAP testing and OEM and Tier 1 development — research

performance

a. Report with the current and upcoming EuroNCAP protocols (Safety Assist,
Assisted Driving, proposals of new AD testing protocols)

b. "NCAP” is coming with a lot of new traffic configuration especially with

intersections and new collision partners are coming — various motorcycles with drivers
and more realistic pedestrians and cyclists

c. EU research projects — PIPER, OSCCAR
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4 FaKULTA MobilitySympo a Kolokvium Bozek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky

STROJNI
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Activities in DP 2 WP04 Integrated and Passive Safety of Road and Rail
Vehicles

2-WP04-006 (TN01000026/2-V9) Report on concepts of autonomous
vehicles and test methodologies for autonomous driving (AD vs.
Passive Safety and Out of Position)

4) Testing of integrated safety systems on test polygons, proposal of possible test
scenarios for levels 3 and higher.

a. Support of bachelor thesis (Design of methods for testing of AD vehicles
from automation level 3)

b. Proposal of test scenarios tested with TUV SUD ,, Toolchain™ and within the
OoP project
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STROJNI
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Josef Bozek National Competence Center for Surface Transport Vehicles
EAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky

Narodni centrum kompetence
auwmoblivveho primysiu

Activities in DP 2 WP04 Integrated and Passive Safety of Road and Rail

Vehicles

2-WP04-006 (TN01000026/2-V9) Report on concepts of autonomous
vehicles and test methodologies for autonomous driving (AD vs.
Passive Safety and Out of Position)
5) Creation of a safety methodology for real-life testing of Level 3 or higher systems.
a. Collection of comments and recommendations of rules for real traffic testing
b. Set up the ,architecture" of the safety concept
c. Define roles of the participants and common operational and safety

principles.

——
dokumentaci o nove rozméry apro keidou testovac oblast analyzovat prijezdnost vozidia,
sou

asti schvaleni vozidla k testdm musi byt i posouzeni tzv. secure card (popis pro 1ZS) - napi.
rozlozeni bateri, airbagd, jiné deformatni zony, dalsi (méfici) technika

vozidlo musi obsahovat pouze certifikované soutdsti (jak interni komponenty, tak i m&fic
technika)

stanovit specifické pravidla v rémei schvalovaciho procesu pro elektromabilitu a alternativni
pohony (pokud nejsou jiZ pokryty existujicimi normativnimi pozadavky), dopln&ni dokumentace
ve vozidle o bezpeénostni manual k danému pohonu (soutést schvéleni), resp. tzv. secure card

Pi zapojeni doprovodného vozidia (uziti napt. dal3i mEfici techniks, cleng manevry, kamerovy
zdznam mimo testované vozidlo) je nutné schvélit mozné modifikace voz

Pi analyze testovaci oblasti / dseku vychézet mimo jiné i z analyzy rizik pro danou oblast v
kombinaci se scénafem). Trase a pomoci metodiky stanoveni ASIL uréit jejich "kritiénost”,
aplikovat podobnou metodiku jako FusSi i pro infrastruktury, tj. pro ASIL X je nutné stanovit
opatfeni (riizné stupn - napf. nkde stati jenom extra cedule, nékde musi byt specidini Skoleni
pro posédku, trvalj dohled, atd.) a toto nésledné ov&Fit(?), ale u

nezdvisle zkontrolovat

(samozejmé) opravnéni pro dany typ vozidla
stanoveni maximalni doby jednotlivého testu, aby se predeslo Gnavé posadky, s ohledem na typ
testu (provoz, manévry, denni doba, poéasi)

nutnost dikladngho (a opakovaneho) prodkoleni testovacich Fiditd pro kazdy testovany model
vozidla (vestavéné funkce, pfidavna méfici technika, omezeni provozu vozidla) + kemplexni
za3koleni pro fe3en krizovych situaci (a la Sosnova + zdravovéda + psychologie - m&feni reakénich
dob + pfiprava na dilenou bdZlost pfi testech, defenzivni styl fizeni), pozor na pfehnané
spoléhani na systém

Prozkeleni posadky o zakladnich funkcich vozidla (sériové vybava) a wyvijenych funkeich (ADAS /
AD), resp. informovanost pred testem
prozkoleni nejen v fizen,... ale také protkoleniv jednotlivjch systémech a jejich jednotlivych

oznateni vozidla

dal3ivybaveni vozidla

dalzivybaveni vozidla

alternativni pohon

doprovodné vozidio

metodika ASIL pro
infrastrukturu

schvalovaci proces, ovem nikoli provo
pro navriené dseky

2akladni koleni

prvotni obecné seznament s ADAS funkg
http://www.adas.upol.cz/index.html n¢
https://en.wikipedia.org/wiki/Advance

znalostvozidla assistance_systems (seznam feature ex
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EAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky
STROJNI
CVUT V PRAZE

Activities in DP 2 WP04 Integrated and Passive Safety of Road and Rail
Vehicles

2-WP04-006 (TN01000026/2-V9) Report on concepts of autonomous
vehicles and test methodologies for autonomous driving (AD vs.
Passive Safety and Out of Position)
6) Risk Analysis of Integrated Safety Systems, testing at airports or other provisional
Areas.

a. Risk analysis for Hradc¢any airport — public area

b. Risk analysis for Mnichovo Hradisté airport — operational airport

c. Description of safety measures within testing with the TUV SUD ,toolchain®
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EAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky
STROJNI
CVUT V PRAZE

Activities in DP 2 WP04 Integrated and Passive Safety of Road and Rail
Vehicles

2-WP04-006 (TN01000026/2-V9) Report on concepts of autonomous
vehicles and test methodologies for autonomous driving (AD vs.
Passive Safety and Out of Position)
7) Creation of a methodology for static and dynamic ,,Out of Position™ testing in relation
to ADAS and AD systems

a. Measure the real human s movement during the ADAS maneouvres (AEB,
AES...) static and dynamic fotogrammetry

b. Process the data and apply them in the virtual simulation

<
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Narodni cen

Josef Bozek National Competence Center for Surface Transport Vehicles

4 FaKULTA MobilitySympo a Kolokvium Bozek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky
STROJNI
CVUT V PRAZE

Activities in DP 2 WP04 Integrated and Passive Safety of Road and Rail
Vehicles

2-WP04-006 (TN01000026/2-V9) Report on concepts of autonomous
vehicles and test methodologies for autonomous driving (AD vs.

Passive Safety and Out of Position)
8) PR methods of testing for the public, education in the field of development and
operation of autonomous systems and vehicles

a. Static presentations

b. Events focused on active safety testing

c. Magazines and internet articles

d. Videos about testing of ADAS systems

e. One-time lectures for high schools

TDNES.CZ | MAGAZINY v Muse inimei K inchowt Mocd Cmcrantl brkey dorom Vomcish ¥,

Auto

V Cesku funguje dalsi misto pro testovani
autonomnich systémi aut
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STROJNI
CVUT V PRAZE

Activities in DP 2 WP04 Integrated and Passive Safety of Road and Rail
Vehicles

2-WP04-007 (TN01000026/2-V10) Application of
reaction space theory in testing scenarios for
autonomous systems. Testing software application for

HiL & SiL testing
Application of reaction space theory in testing scenarios for autonom.

systems in road vehicles, including integrated safety systems and

autonomous vehicles. Testing software application for HiL & SiL testing TEST DRIVER
will be developed. SUPPORT SW

2-WP04-008 "O0” (TN01000026/2-V10) Integrated
automated testbench for vehicles with various levels of
autonomy (12/2020)

Integrated automated testbench for vehicles with various levels of

autonomy consists of experimental in-vehicle equipment including FINAL REPORT

specific sensors for human-technology interaction in terms of technical
specifics of vehicle control. Data are to be provided for driver technical-
behavior models and thus provide inputs for software based testing or
symbiotic vehicle concepts.

2-WP04-010 "O0” (TN01000026/2-V10) Dissemination FISITA 2020
of results - Application of reaction space theory PAPER
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Josef Bozek National Competence Center for Surface Transport Vehicles ::
EAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky

STROJNI
CVUT V PRAZE

Activities in DP 2 WP04 Integrated and Passive Safety of Road and Rail

Vehicles
2-WP04-007 (TN01000026/2-V10) Application of reaction
space theory in testing scenarios for autonomous systems.

Testing software application for HiL & SiL testing

Research realisation
a. further mathematical detailing of reaction space

theory application of a result of CKJB 2018

b. technology concept definition
- support for testing driver in test scenarios on proving ground

- interaction concept with driver (HMI concept)
- selection of relevant generally used DAQ system
c. system design, development and evaluation
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Josef Bozek National Competence Center for Surface Transport Vehicles ::
EAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky

STROJNI
CVUT V PRAZE

Activities in DP 2 WP04 Integrated and Passive Safety of Road and Rail
Vehicles

2-WP04-007 (TN01000026/2-V10) Application of reaction
space theory in testing scenarios for autonomous systems.
Testing software application for HiL & SiL testing

Reaction space theory detailing - p
a. further-algorithmic definition | A G o
b. possible applications in other transport areas | 2o=mas, 2,20 77 DL

= dynamlc road |nfrastructu re reaction time

= accnglent analysis _@3
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odni centrum kompetence

Josef Bozek National Competence Center for Surface Transport Vehicles =~
) EAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky o

STROJNI
CVUT V PRAZE

Activities in DP 2 WP04 Integrated and Passive Safety of Road and Rail
Vehicles
2-WP04-007 (TN01000026/2-V10) Application of reaction
space theory in testing scenarios for autonomous systems.
Testing software application for HiL & SiL testing
Technology concept definition
a. reaction space application in proving ground testing
- test driver support when testing ADAS / AD systems
- possible enhancement for driving robots
b. NI LabVIEW + camera HW system design

TIME TO
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Activities in DP 2 WP04 Integrated and Passive Safety of Road and Rail
Vehicles

2-WP04-007 (TN01000026/2-V10) Application of reaction
space theory in testing scenarios for autonomous systems.
Testing software application for HiL & SiL testing

System des|gn e T — e
a. first — own camera object detection algorithm design g |
U dmm  PETN
b. final — use of Tensorflow neural network library S— II
- better resolution

- object classification . 2
- possible application = ®F
in real traffic testing

13/03/2018 19:10:43
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EAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky

STROJNI
CVUT V PRAZE

Fulfillment of goals and deliverables of DP 2 WP04 Integrated and Passive
Safety of Road and Rail Vehicles

Current State of Deliverables, Milestones and Fulfillment of Goals

All the activities in DP2_WP04 are being developed according to plan with the aim of meeting
the targets in December 2020. The status execution of partial goals in DP2_WP004 was stated
in the previous section.

Paper of international conference

In 2019, one paper was published in the task 2-WP04-002 (O) by FME CTU staff at
international conferences (PRORAIL 2019).

List of Due Deliverables and Their Added Value
For CTU FME + Siemens:

Knowledge base with regards to railway vehicles accident analysis, actual legislation and
trends in passive safety of public urban and regional railways vehicles. Mathematical model of
crash collision as a base for vehicle front part optimisation.

For CTU FTS + TUV SUD:
Knowledge base with regards to ADAS/AD testing, methodology development and
development of the special tool for testing of VUT with soft and hard targets. SW tool

increasing the safety of test engineers in VUT as well as another road traffic users — reaction
space theory.
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EAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky

STROJNI
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Current contribution of DP 2 WP04 Integrated and Passive Safety of Road and
Rail Vehicles

Assessment of the Contribution of Deliverables

Project DP2 _WPO04 is implemented in accordance with the project proposal. In 2020, design,
assembly and experimental work continue intensively in both pillars and on the fulfilment of
partial goals project

2 —WP04 - 006 The extension of company portfolio for ADAS/AD testing
2 —WP04 - 007 Potential ussage for susstainable city mobility plans

Acknowledgement

This research has been realized using the support of Technological Agency, Czech Republic,
programme National Competence Centres, project # TN01000026 Josef Bozek National Center
of Competence for Surface Transport Vehicles.

This support is gratefully acknowledged.

T A SIEMENS o) i & N ¥
TNO1000026 | .{ Str. 27 .E EMENS @ suoon () za DP 2 WP 04 Martin Sotola, TOV SUD Czech



Narodni centrum kompetence
automobilového primyslu
losefa ¥ Boika

Josef Bozek National Competence Center for Surface Transport Vehicles
EAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky

STROJNI
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Current contribution of DP 2 WP04 Integrated and Passive Safety of Road and
Rail Vehicles

2-WP04-001 (TN01000026/2-V10) Report on trends and future requirements for passive safety features
(10/2019)

The technical report assessing the needs to use passive safety features on public transport vehicles and regional lines to reduce
the consequences of the most dangerous accidents has been published.

Uiz
120 Siemens

2-WP04-002 (TNO1000026/2-V10) Analysis of accidents statistics of public urban and regional railways vehicles FME
The analysis of causes and consequences of rail vehicles accidents with another road users has been published.

ui12
120 Siemens
FME
Ul2  Siemens
I . . 120 Skoda
2-WPO04-003 (TNO1000026/2-V10) Report on the possibilities in passive safety improvement EME T
Analysis of crash simulation SWs - research and training (06/2020) ransp.
' 120 Siemens
FME
ui2
2-WPO04-004 Creation of mathematical model of crash collision of a passenger car — vehicle or light commercial 120 Siemens
vehicle with a light rail vehicle FME

2-WPO04-005 Creation of mathematical model of crash collision
of person with a light rail vehicle
Preparation and description of mathematical models of passenger car / pedestrian with a light rail vehicle crash (12/2020)
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EAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky

STROJNI
CVUTV PRAZE

Current contribution of DP 2 WP04 Integrated and Passive Safety of Road and
Rail Vehicles

2-WP04-006 (TNO1000026/2-V9) Report on concepts of autonomous vehicles and test methodologies fi Lead
Passive Safety and Out of Position)

1) Draft concept of passive safety systems with regards to the specifics of autonomous driving (AD), OoP and acciden
2) State of the art of EU and EHK legisiation, incl. Working Group Perspective (GRVA ...) — has been performed.

Coop.

3) State of the Art" NCAP testing and OEM and Tier 1 development — has been performed.. TUV SUD U12 120 FME
4) Testing of integrated safety systems on test polygons, proposal of possible test scenarios for levels 3 and higher.

a. Research from European project (e.g. Pegasus) has been performed. Ui2 120 .. .
5) Creation of a safety methodology for real-time testing of Level 3 or higher systems. Basic rules development for sai EME TUV SUD

6) Risk Analysis of Integrated Safety Systems, testing at airports or other provisional Areas has been performed.
7) Creation of a methodology for static and dynamic ,,Out of Position" testing in relation to ADAS and AD systems has Ui6 123 .. ..
8) PR methods of testing for the public, education in the field of development and operation of autonomous systems ¢ FTS TUV SUD

2 =

P ws i

U12 120

EME TUV SUD

2-WP04-007 (TN0O1000026/2-V10) Application of reaction space theory in testing scenarios for autonomous systems. Testing software
application for Hil & SilL testing

It has been performed revision of original reaction space theory. It has been performed technology concept definition and system design, development and
evaluation (12/2020): TEST DRIVER SUPPORT SW -
2-WP04-008 "0” (TN01000026/2-V10) Integrated automated testbench for vehicles with various levels of autonomy
(12/2020) L

FINAL REPORT TCID---
2-WP04-010 "0” (TN01000026/2-V10) Dissemination of results - Application of reaction space theory L
(12/2020) FISITA 2020 PAPER
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