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Open access virtual testing protocols for enhanced road user safety
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pre-crash tool
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Schachner, M., Sinz, W., Thomson, R., and Klug, C. (2020).
. Accid Anal Prev 148, 105831. doi: 10.1016/j.aap.2020.105831
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Schachner, M., Sinz, W., Thomson, R., and Klug, C. (2020).
. Accid Anal Prev 148, 105831. doi: 10.1016/j.aap.2020.105831
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In-Depth Databases
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VIRTUAL pre-crash simulation results

Collision speed distribution of the vehicle for pedestrian collision scenarios
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Results of pre-crash simulation of
the testing scenarios

. B
I Output of the pre-crash

simulation of the
testing scenarios and
input for further
investigations:

Injury Severity

Conflict Situation

P(Sj)...probability for

certain scenario

Collision speed vehicle
Collision speed VRU
Collision angle
Collision position

S —

Distribution according to the
occurrence probability for:

* Collision speed vehicle

* Collision speed VRU

* Collision angle

* Collision position
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Validated Models In-Crash Post processing Injury
Simulations of HBM Results probability

Pinjury)

Vehicle Model

OS-HBMs (VIVA+)
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Design of Experiments Design of Experiments

* Selection of an acceptable number of scenarios for in-
crash simulations.

* Trade off between occurrence probability of scenarios
and good space filling.
If only scenarios with high occurrence probability will
be selected study area could not be covered
sufficiently.
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Requirements for DoE within :

* Repeatability: every user should get the same result.

e Easy to Handle: applicable without much effort for the
user.

Collision Velocity Pedestrian [kph]
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VIVA+ 50F Pedestrian
Time = 0

Time
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HUMAN MODELING VIRTUAL in-crash simulations — Post processing of HBM

ANDSWMULATION, e

Post processing
of HBM Results

N Injury RlSk urve for

1 proximal fmr = Automatic evaluation of the simulations with
. 2021) the help of DYNASAUR and Jupyter.

Probability of injury

g — = Jupyter notebook available at the OpenVT
" platform.

= |njury risk curves (IRC) for proximal femur and

femur shaft for the 50t percentile female
already published (based on experimental
T e data).

Probability of injury

MPS99

Currently working on an publication for IRC
"' for 50" percentile female tibia.

10
|

06 08

Injury/ isk curve for
1 tibia ghaft fractures

Probability of injury

Schubert, Alexander; Erlinger, Nico; Leo, Christoph; Iraeus, Johan; John, Jobin; Klug, Corina (2021):
Development of 2 50th Percentile Female Femur Model. In: International Research Council on the
Biomechanics of Injury (Hg.): 2021 IRCOBI Conference Proceedings. IRCOBI Conference. Munich
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A\ ] B0 SLATION the )

IN AUTOMOTIVE ENGINEERING )

Criteria Based on Sources Femur

Resultant Head CoG accelerations filtered . :
HIC with CFC1000. Schmitt et al. 2019 Femur-Cortical-Shaft

DAMAGE using head rotation sensors Gabler et al. 2019 Name 9SFS | Injury Risk (IR) [%] | lower IR [%] | upper IR [%]
DAMAGE MPS implemented in VIVA+ definition files, Wu et al. 2022 LX-Bone-Femur-Cortical-Shaft-L_99PS  |0.024 31.74 10.63 50.77
filtered with CFC60. Technical Bulletin TBO 35 LX-Bone-Femur-Cortical-Shaft-R_99PS  |0.007 1.48 0.04 6.18
Risk per rib determined based on
Risk of fractured ribs maximum strain per rib. Larsson et al. 2021 Cumulative-risk-function Cumulative-risk-function
Combined to overall risk of fractured ribs Forman et al. 2012 LX-Bone-Femur-Cortical-Shaft-L_99PS LX-Bone-Femur-Cortical-Shaft-R_99PS
using probabilistic method. 1.0 1 1.0 1
Proximal Femur Fracture Risk based on MPS99 using risk curves ] 1
. & Schubert et al. 2021 a8 a8
Risk
. Risk based on MPS99 using risk curves % 06 <06
Femur Shaft Fracture Risk g Schubert et al. 2021 - 5
- . Risk based on MPS99 using risk curves . s s
Tibia Shaft Fracture Risk g Not yet published
0.2 1 0.2 1
Knee Ligament Rupture Risk based on beam elongation with .
. & P . . & Nusia et al. 2021 0.0 ! | | ' | | 0.0 ! | | ' | |
RISk correspondlng rISk curve 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07
99PS 99ps
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AND SIMULATION Meta-modelling and injury prediction
IN AUTOMOTIVE ENGINEERING

for all
unavoidable scenarios of the
testing catalogue
between vehicle and VRUs

for all
simulations of the
catalogue of VIRTUAL

* In-crash simulations are used to
train a meta-model (regression
model)

Meta-model can be used to »
predict injuries of unavoidable
scenarios which where not

considered in the in-crash
simulations

Meta-model

Catalogue of
testing

scenarios between

vehicle and VRUs

p(injury)
Pinjury)

carhs
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HUMAN MODELING
AND SIMULATION

AlITAMATIVAIC
AU T U ( VE

assessment

for Generic Sedan vs. Pedestrian

il

virtual

Injury probability
Injury group . . Male . . . . Female . .
before intervention after intervention before intervention after intervention
lower best estimate upper lower best estimate upper lower best estimate upper lower best estimate upper

la|Concussion AIS1 8.09% 8.09% 8.09% 6.88% 6.88% 6.88% 7.21% 7.21% 7.21% 8.02% 8.02% 8.02%
1b|Concussion AlS2 24.43% 24.43% 24.43% 16.59% 16.59% 16.59% 22.93% 22.93% 22.93% 18.52% 18.52% 18.52%
1c|Concussion AlS4+ 38.87% 38.87% 38.87% 14.20% 14.20% 14.20% 45.79% 45.79% 45.79% 15.12% 15.12% 15.12%
2|Other skull - brain injury 43.17% 43.17% 43.17% 22.88% 22.88% 22.88% 40.62% 40.62% 40.62% 13.58% 13.58% 13.58%
11a|Fracture of 1 rib AIS1 14.67% 14.67% 14.67% 5.10% 5.10% 5.10% 13.60% 13.60% 13.60% 12.97% 12.97% 12.97%
11b|Fracture of 2 ribs AIS2 8.64% 8.64% 8.64% 5.30% 5.30% 5.30% 8.10% 8.10% 8.10% 2.68% 2.68% 2.68%
11c |Fracture of 3+ ribs AIS3+ 27.39% 27.39% 27.39% 14.16% 14.16% 14.16% 17.54% 17.54% 17.54% 0.54% 0.54% 0.54%
22a |Fracture of hip - left 7.14% 17.74% 30.82% 2.00% 12.58% 27.00% 16.21% 25.98% 37.63% 7.28% 15.93% 27.27%
22b |Fracture of hip - right 9.69% 18.01% 28.73% 2.78% 10.07% 20.64% 36.94% 47.95% 57.37% 6.42% 17.32% 30.27%
23a |Fracture of femur shaft - left 12.08% 18.35% 25.25% 3.68% 9.49% 16.62% 11.34% 17.14% 23.89% 2.66% 6.82% 12.44%
23b |Fracture of femur shaft - right 15.88% 26.39% 36.97% 0.55% 3.21% 8.32% 12.48% 22.75% 33.55% 0.47% 3.08% 8.23%
24a |Fracture of knee/lower leg - left 1.54% 2.61% 5.28% 0.02% 0.10% 1.04% 0.16% 1.22% 4.66% 0.02% 0.21% 1.58%
24b |Fracture of knee/lower leg - right 1.61% 3.51% 7.46% 0.02% 0.24% 1.74% 0.53% 3.58% 9.64% 0.04% 0.61% 2.78%
27a |Dislocation/sprain/strain of knee - left 98.22% 98.22% 98.22% 94.57% 94.57% 94.57% 92.94% 92.94% 92.94% 83.26% 83.26% 83.26%
27b |Dislocation/sprain/strain of knee - right 99.60% 99.60% 99.60% 96.52% 96.52% 96.52% 98.96% 98.96% 98.96% 92.92% 92.92% 92.92%
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Injury Risk for left hip fracture
Generic Car pedestrian simulations

Male Female
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40

Injury Risk [%]

30+ |

10+ | | !

Baseline AEB Baseline AEB

Holistic

for Generic Sedan vs. Pedestrian assessment

Injury Risk for right hip fracture
Generic Car pedestrian simulations

Male Female

1001
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60-
50-
40 |
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20+ |
101 | |
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Injury Risk [%]
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Injury Risk for left femur shaft fracture Injury Risk for right femur shaft fracture
Generic Car pedestrian simulations Generic Car pedestrian simulations
Male Female Male Female
100+ 100+
901 90+
80+ 80-
., 70" _ 70-
X S
= 601 = 601
L. L
¥ 50- ¥ 50-
2 -
3 40 3 40
£ £ |
30- 30- |
g — 201 ] |
101 E —— 10- L L
0- 0
Baseline AEB Baseline AEB Baseline AEB Baseline AEB
el
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COST-BENEFIT TOOL FOR VEHICLE SAFETY

' l
% VI rtu a Measure: AEB pedestrians

Input Results

Benefits
- Quality of life gains € 1,457 € 1,806

- Medical costs reduction € 136 € 165

- Productivity gains € 362 € 465
- Total benefits € 1,955 € 2,436

e lo4y <+ 1 Yoo ______* 2450 |

Socio-economic return
Discount rate 3.0% - Net present value -€ 1,451 -€ 545 €436
! - Benefit-cost ratio 0.5 0.8 1.2
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Assessment of

measures

Assessment of

measures \

Assessment of

measures

rhe
November 16 — 17, 2022 carns

Christoph Leo, Graz University of Technology| © 2022 carhs.training gmbh B Empowering Engineers



RN
—~=\ HUMAN MODELING

/ \ AND SIMULATION Limitations
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=  Currently only two adult anthropometries and one age have been considered = In the future, human
variability should be further considered.

=  Currently only one posture was considered per VRU —> Analysis of real-world crashes have shown that
avoidance-postures might be relevant.

= |nthe active safety assessment, currently no interaction between the VRU is considered.

= AEB system is very generic and does not consider environmental conditions (e.g. fog) which limit the
detection capabilities.

= The generic Sedan model is simplified and provides a homogenous stiffness per structural part.

= For the in-crash simulations, only 50 simulations were performed with each anthropometry and road
user = More simulations would improve the quality of the Metamodel.
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IN AUTOMOTIVE ENGINEERING

= VRU safety assessment is performed over a wide range of scenarios while
keeping the efforts required for simulations at a feasible level.

= User-friendly tools were prepared and tested.
= The potential of AEB systems to reduce crash and injury risks is shown.

= The examples used for demonstration are generic, but showcase that the
socio-economic benefit of VRU protection is significant.

=  Future research:

= further injury risk curve development to enable evaluation in further body regions
(e.g. neck and upper extremities)

= Other statures, children, age groups and other groups of VRUs (e.g. E-scooter
riders)
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OpenVT platform

What is available on the

platform:

=  Pre-crash tool with VIRTUAL testing
, scenarios.
OpenVT Gitlab platform
. ianin e = Jupyter notebook for data analysis of pre-
?; virtual R crash simulations.
= Jupyter notebook for DoE.
Password
This is the OpenVT platform, the platform for open access virtual testing . .
protocols for enhanced road users safety. = |n-CraSh SImU|at|On dECkS (VlVA+ mOdels,
‘F:’)Ieast‘a\;TsigrtL;p for free on the right in order to get full access to the [J Remember me Fargat your password? bicycle mOdE|S, generic Vehlcle mOdE|S for
penVT platform.
You can browse the Public contents without registration: Overview Public d emon St rat 1on ) °
contents.
As a new user, please, check out our manuals and guidelines section and " J u pyte r n Ote boo ks fo r I n-cra S h SI m u Iatlo n
the OpenVT wiki. There you also find a FAQ section. assessment a nd meta_model Iing.
The OpenVT platform is part of project VIRTUAL. For more information,
e = Cost benefit analyse tool.
= Documentation and demonstration use case.
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"= Non-profit organisation
ovtd” Home Open Contents Shape The Future  Get Support Our Supporters Contact OpenVT Platform ) Q. | FO u n d e d i n O Cto b e r 2 O 2 1

swev | VIRTUAL animated project video ] : M °
Welcome to OVTO.org Based in Zurich, Switzerland

Safety doesn’t happen by accident

Learn more about OVTO

This is the website of the OpenVT Organisation (OVTO). Our mission is
providing open access tools for virtual road safety testing. As an infrastructure
for open virtual testing, we run the OpenVT platform. OVTO is a politically
independent non-profit organisation, which originated from the EU-funded

project VIRTUAL (European Union's Horizon 2020 research and innovation

programme, grant agreement No 768960).

The VIVA+ Human Body Models developed within project VIRTUAL are the core

component of the OVTO’s virtual testing tools. They are hosted and developed

on the OpenVT platform, together with a number of other useful open source

contents.

The content hosted on the OpenVT platform are provided free of charge under
open licences. For a safe and sustainable future in road traffic:

« OVTO provides user support and training at reasonable prices.
« OVTO needs you: participate in our Shape The Future programme.
« Donate, become a Sponsor or contribute code.
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