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Coordinator of the 2-WP04
TÜV SÜD Czech, responsible person Ing. Martin Šotola, Ph.D. (martin.sotola@tuvsud.com)

Participants of the 2-WP04
FME CTU - U12 120 Kolář J., FTS CTU – U16 123 Jirovský V., Siemens Mobility Pohl J., 
Skoda Transportation (ST Pilsen) Vokoun J., 

Main Goals of the 2-WP04:    
2 – WP04 - 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 – WP04 - 006 (RR) – Report on concepts of autonomous vehicles and test 
methodologies for autonomous driving (AD vs PS and OoP)

(TÜV + FTS CTU) Project deadline: 12.2020

2 – WP04 - 007 (SW) – Application of reaction space theory in testing scenarios for 
autonomous systems. 

(FTS CTU + TÜV) Project deadline: 12.2020

Contents of Work Package DP 2 WP04 Integrated and Passive Safety of Road 
and Rail Vehicles
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Main Goals of the WP 
2 – WP04 - 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 – WP04 - 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. Testing software 
application for HiL & SiL testing will be developed.

Contents of Work Package DP 2 WP04 Integrated and Passive Safety of Road 
and Rail Vehicles
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Partial Goals for the Current Period

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

Deadline Lead Coop.

2-WP04-001 Report on trends and future requirements for 
passive safety features

RR 10/2019
U12 120 

FME
Siemens

2-WP04-002 Analysis of accidents statistics 
of public urban and regional railways vehicles

RR 05/2020
U12 120 

FME
Siemens

2-WP04-003 Report on the possibilities 
in passive safety improvement

RR 06/2020
U12 120

FME
Siemens 

Škoda Transp.

2-WP04-004 Creation of mathematical model of crash 
collision of a passenger car-vehicle or light 
commercial vehicle with a light rail vehicle

RR 12/2020
U12 120 

FME
Siemens

2-WP04-005 Creation of mathematical model of crash 
collision of person whit a light rail vehicle RR 12/2020

U12 120 
FME

Siemens
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Partial Goals for the Current Period

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

Deadline Lead Coop.

2-WP04-006 Report on concepts of autonomous vehicles 
and test methodologies for
autonomous driving (AD vs PS and OoP)

RR 12/2020 TÜV SÜD U12 120 FME

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

SW 12/2020
U12 120

FME
TÜV SÜD

2-WP04-008 Integrated automated testbench for vehicles 
with various levels of autonomy

RR 12/2020
U16 123 

FTS
TÜV SÜD

2-WP04-010 Dissemination of results - Application of 
reaction space theory Paper 12/2020

U12 120
FME

TÜV SÜD
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Brief introduction of interesting outputs
2 – WP04 - 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

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

Example
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Brief introduction of interesting outputs
2 – WP04 - 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

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

Soft and Hard targets with VUT 
under one toolchain
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Brief introduction of interesting outputs
2 – WP04 - 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

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

Nárazník s patronami a 

protišplhovou ochranou 

Zdroj: http://axtone.eu/tram/ 

Vícefázový deformační system EST 

Duplex G1.A1 
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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
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 Žilina.

Activities in 2020
- Accidents statistics of public urban and regional railways vehicles (DP a DÚ)
- Creation of methodology for accident analyse and assessment
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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

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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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
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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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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 



TN01000026 Str. 15 Za DP 2 WP 04 Martin Šotola, TÜV SÜD Czech

Josef Božek National Competence Center for Surface Transport Vehicles
MobilitySympo a Kolokvium Božek JOBNAC 4. – 5. 11. 2020, CVUM Roztoky

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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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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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. 
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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)
6) Risk Analysis of Integrated Safety Systems, testing at airports or other provisional 
Areas.

a. Risk analysis for Hradčany airport – public area
b. Risk analysis for Mnichovo Hradiště airport – operational airport
c. Description of safety measures within testing with the TÜV SÜD „toolchain“ 
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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)
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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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

https://vimeo.com/tbdmediagroup/review/450044454/de6573adc3
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Activities in DP 2 WP04 Integrated and Passive Safety of Road and Rail 
Vehicles

TEST DRIVER 
SUPPORT SW

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 
will be developed.

2-WP04-008 “O” (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 
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 “O” (TN01000026/2-V10) Dissemination 
of results - Application of reaction space theory

FINAL REPORT

FISITA 2020 
PAPER
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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
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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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

a. further algorithmic definition
b. possible applications in other transport areas
- dynamic road infrastructure
- accident analysis
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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
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 
LATEST 

REACTION
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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 design
a. first – own camera object detection algorithm design

b. final – use of Tensorflow neural network library
- faster
- better resolution
- object classification
- possible application 

in real traffic testing

I

II
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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 + TÜV SÜD:

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.

Fulfillment of goals and deliverables of DP 2 WP04 Integrated and Passive 
Safety of Road and Rail Vehicles
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Assessment of the Contribution of Deliverables
Project DP2 _WP04 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
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Current contribution of DP 2 WP04 Integrated and Passive Safety of Road and 
Rail Vehicles
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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. 

2-WP04-002 (TN01000026/2-V10) Analysis of accidents statistics of public urban and regional railways vehicles
The analysis of causes and consequences of rail vehicles accidents with another road users has been published. 

2-WP04-003 (TN01000026/2-V10) Report on the possibilities in passive safety improvement
Analysis of crash simulation SWs - research and training (06/2020)

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
Preparation and description of mathematical models of passenger car / pedestrian with a light rail vehicle crash (12/2020)

Lead Coop.

U12 
120 
FME

Siemens

U12 
120 
FME

Siemens

U12 
120
FME

Siemens 
Škoda
Transp.

U12 
120 
FME

Siemens

U12 
120 
FME

Siemens
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Current contribution of 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) has been performed.
2) State of the art of EU and EHK legislation, incl. Working Group Perspective (GRVA ...) – has been performed.
3) State of the Art" NCAP testing and OEM and Tier 1 development – has been performed..
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.
5) Creation of a safety methodology for real-time testing of Level 3 or higher systems. Basic rules development for safe testing in real traffic has been perf.
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 been performed.
8) PR methods of testing for the public, education in the field of development and operation of autonomous systems and vehicles has been performed.

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

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

2-WP04-010 “O” (TN01000026/2-V10) Dissemination of results - Application of reaction space theory

(12/2020)

TEST DRIVER SUPPORT SW

FINAL REPORT

FISITA 2020 PAPER

Lead Coop.

TÜV SÜD U12 120 FME

U12 120
FME

TÜV SÜD

U16 123 
FTS

TÜV SÜD

U12 120
FME

TÜV SÜD


