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Hands-off mode has been our dream

Can I drive one day 
in fully hands-off 

mode?

https://tenor.com/view/ass-motivation-cowboy-carrot-donkey-gif-11223734
https://tenor.com/view/ass-motivation-cowboy-carrot-donkey-gif-11223734
https://www.rubbernews.com/article/20181227/NEWS/181229990/for-autonomous-vehicles-to-gain-passengers-trust-communication-is-key
https://www.rubbernews.com/article/20181227/NEWS/181229990/for-autonomous-vehicles-to-gain-passengers-trust-communication-is-key
https://www.nature.com/articles/d41586-018-04158-5
https://www.nature.com/articles/d41586-018-04158-5
https://clipartpng.com/?2466,car-steering-wheel-png-clip-art
https://clipartpng.com/?2466,car-steering-wheel-png-clip-art
https://www.istockphoto.com/cs/vektor/p%C5%99evodov%C3%A1-ty%C4%8D-vozidla-gm486687980-73542313
https://www.istockphoto.com/cs/vektor/p%C5%99evodov%C3%A1-ty%C4%8D-vozidla-gm486687980-73542313
https://www.istockphoto.com/nl/vector/car-pedals-gm638134160-114235829
https://www.istockphoto.com/nl/vector/car-pedals-gm638134160-114235829


BOSCH concept shuttle

TOYOTA concept shuttleZF concept shuttle

ZOOX concept shuttle

New designs are introduced for highly 
automated vehicles (HAVs) in which 
occupants will be just passengers in 

non-standard seating configurations.

Companies are interested to invest in autonomous cars

https://www.bosch-presse.de/pressportal/de/en/bosch-presents-tomorrows-mobility-today-178432.html
https://www.bosch-presse.de/pressportal/de/en/bosch-presents-tomorrows-mobility-today-178432.html
https://www.i-micronews.com/zf-acquires-mobility-provider-2getthere/
https://www.i-micronews.com/zf-acquires-mobility-provider-2getthere/
https://www.motorauthority.com/news/1125440_toyota-reveals-e-palette-self-driving-shuttle-for-2020-olympic-games
https://www.motorauthority.com/news/1125440_toyota-reveals-e-palette-self-driving-shuttle-for-2020-olympic-games
https://www.caranddriver.com/news/a34965524/zoox-unveils-autonomous-shuttle/
https://www.caranddriver.com/news/a34965524/zoox-unveils-autonomous-shuttle/
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Occupant’s 
safety

HAV are every where

Human driven vehicles 
(HDV)

Highly automated vehicles 
(HAV)

Vehicle to vehicle (V2V) crash between 
human driven vehicles (HDVs) and (HAVs)

From HDV to HAV

Passive safety

Active safety

https://www.nhtsa.gov/technology-innovation/automated-vehicles-safety#topic-road-self-driving
https://www.nhtsa.gov/technology-innovation/automated-vehicles-safety#topic-road-self-driving
https://www.nhtsa.gov/technology-innovation/automated-vehicles-safety#topic-road-self-driving
https://www.nhtsa.gov/technology-innovation/automated-vehicles-safety#topic-road-self-driving
https://www.nhtsa.gov/technology-innovation/automated-vehicles-safety#topic-road-self-driving
https://www.nhtsa.gov/technology-innovation/automated-vehicles-safety#topic-road-self-driving
https://www.nhtsa.gov/technology-innovation/automated-vehicles-safety#topic-road-self-driving
https://www.nhtsa.gov/technology-innovation/automated-vehicles-safety#topic-road-self-driving
https://www.nhtsa.gov/technology-innovation/automated-vehicles-safety#topic-road-self-driving
https://www.nhtsa.gov/technology-innovation/automated-vehicles-safety#topic-road-self-driving
https://www.nhtsa.gov/technology-innovation/automated-vehicles-safety#topic-road-self-driving
https://www.nhtsa.gov/technology-innovation/automated-vehicles-safety#topic-road-self-driving
https://wedosafetysigns.co.uk/product/other-danger-road-sign/
https://wedosafetysigns.co.uk/product/other-danger-road-sign/


How many crash test did we need?

If all passengers can freely, 
• rotate seats
• recline seats’ back 
• changing their seats

It means 

7 962 600 
seating configurations possibilities.

Right now the only available 
seating configuration for a 

family in a vehicle is  
Standard

(Face-forwarded passengers)

If occupants can change their 
seats there exists 
24 possibilities

A crash can happen from any 
direction

The crash occurrence possibilities 
reaches to 

95 551 200
These are named,

Non-Standard



How to evaluate new seating configurations safety?

Are non-standard seating configuration safe enough 
for occupants in Highly Automated Vehicle? 

post‐mortem human subjects
(PMHS)

There were 67.1 million 
deaths in 2022 (ref)

Dummies

The latest crash test dummies 
run closer to $1,000,000 (ref)

In first look it is needed 
to run crash tests with

382 204 800
models 

Digital twin model

It is low-cost and saves time 
more than other methods

https://ourworldindata.org/births-and-deaths#:~:text=There%20were%2067.1%20million%20deaths,region%20from%201950%20to%202021.
https://www.cnbc.com/video/2022/03/19/why-crash-test-dummies-cost-1-million.html#:~:text=Crash%20test%20dummies%20are%20meant,dummies%20run%20closer%20to%20%241%2C000%2C000.


Digital twin model

A quite similar digital 
twin model was 

made. 

https://www.bosch-presse.de/pressportal/de/en/bosch-presents-tomorrows-mobility-today-178432.html
https://www.bosch-presse.de/pressportal/de/en/bosch-presents-tomorrows-mobility-today-178432.html


Virthuman model

Anthropometric database
5117 Men            5333 Women
Age 6-65 year old
Czech and Slovak population in 1985

Hyncik, L., Cechova, H., Kovar, L., and Blaha, P., "On Scaling Virtual 
Human Models," SAE Technical Paper 2013-01-0074, 2013

Vychytil, J., Manas, J., Cechova, H., Spirk, S. et al., "Scalable Multi-
Purpose Virtual Human Model for Future Safety Assessment," SAE 
Technical Paper 2014-01-0534, 2014

MECAS ESI s.r.o.

https://saemobilus.sae.org/content/2013-01-0074/
https://saemobilus.sae.org/content/2014-01-0534/
https://www.freepik.com/premium-vector/shaking-hands-vector-illustration-isolated-white-background_4403282.htm#query=business%20cooperation&position=12&from_view=keyword
https://www.freepik.com/premium-vector/shaking-hands-vector-illustration-isolated-white-background_4403282.htm#query=business%20cooperation&position=12&from_view=keyword
https://www.zcu.cz/en/index.html
https://www.zcu.cz/en/index.html
https://www.esi-group.com/
https://www.esi-group.com/
https://www.esi-group.com/company/worldwide/czech-republic
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Model Preparation 

Crash simulation

Post-processing

Input files

Injury data

We made an application to predict occupant injury

More than ten thousand
simulations were planned

Easy used 
application



Input file structure
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Speed & Orientation Age

Weight & HeightSeating Configuration

Input data Distribution



Frontal crash 30 km/h



Injury data structure

Injury data Simulation data Injury for a body parts

Occupant 1 Occupant 2 Occupant 3 Occupant 4 Body injury
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Head

Neck

Age Age Age Age
Thorax

Abdomen

Height Height Height Height
Pelvis

Femurs

Weight Weight Weight Weight
Knees

Tibiae

Note: If the seat is not occupied all values 
are “0” for that seat.

Good (3)
Acceptable (2)
Marginal (1)
Poor (0)
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Artificial Intelligence

More than 10k
simulations

https://scikit-learn.org/stable/modules/tree.html
https://scikit-learn.org/stable/modules/tree.html
https://scikit-learn.org/stable/index.html
https://scikit-learn.org/stable/index.html


Application for Fast Injury prediction



The application can be used also for …

Call HAV 
Taxi / shared car

Occupants data 
(gender, age, height and weight) 
are sent to the server via App.

• Suggests the safest seat for 
each occupants.

• Car’s maneuvers are 
considered regarding to its 
passengers’ data.

The AI program 
assesses an 

occupant’s injury for 
different possible 
crash scenarios. 

https://www.namasteui.com/how-to-create-a-taxi-booking-app-like-uber-in-2021/
https://www.namasteui.com/how-to-create-a-taxi-booking-app-like-uber-in-2021/
https://www.dreamstime.com/d-illustration-man-smartphone-cartoon-smiling-businessman-using-phone-isolated-white-d-illustration-man-holding-image207522365
https://www.dreamstime.com/d-illustration-man-smartphone-cartoon-smiling-businessman-using-phone-isolated-white-d-illustration-man-holding-image207522365


We will use AI for our projects

It was just a beginning of a journey. 
You will hear soon from us about other 
applicable projects with AI regarding to 
occupants safety.

https://media.cnn.com/api/v1/images/stellar/prod/190213155423-20190213-artificial-intelligence-machine-learning-gfx.jpg?q=x_3,y_0,h_1684,w_2993,c_crop/h_540,w_960/f_webp
https://media.cnn.com/api/v1/images/stellar/prod/190213155423-20190213-artificial-intelligence-machine-learning-gfx.jpg?q=x_3,y_0,h_1684,w_2993,c_crop/h_540,w_960/f_webp
https://stock.adobe.com/search?k=come+back+soon
https://stock.adobe.com/search?k=come+back+soon
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