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Benefits of Higher Levels of Automation TLUTI
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* More Safety ?
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Autonomous Car History (selected)

1863
« Paris au XXéme Siecle (Verne, 1863)

20’s & 30’s
*”linrrican Wonder”, (The Milwaukee Sentinel, 1926)
 Futurama exhibit, (O’Toole, 2009)

50’s
* RCA Labs demonstration on public Highway, Lincoln, Nebrasca, USA.(Quigg, 1958)

60’'s & 70’s
* “Electonic Roads” (Jenks, 1961)
» UK’s Transport and Road Research Laboratory driverless car (Waugh, 2014)

80’s

» Prometheus Project, Ernst Dickmanns. (Ernst Dickmanns, 2002 & 2011)
» Autonomous Land Vehicle Project, DARPA (Kanade, Thorpe, & Whittaker, 1986)
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Autonomous Car History (selected)

90’s

» VaMP project, driving in Paris highway 1000Km (Ernst Dickmanns, 2002 & 2011)
* Navlab Project, driving in the USA 5000Km (Thorpe & Hebert, 1988)

* Mille Miglia in Automatico, driving in ltaly(Broggi, Bertozzi, & Fascioli, 2000)

2000’s

* Demo |, II, lll for the US Government. Driving off-road. (Albus, 2002)

* Parkshuttle, in Netherlands, a public driverless transport system (Parent, 2004)
* DARPA Grand Challenge, DoD (Thrun & Montemerlo, 2006)

» Commercial application, Rio Tinto, Australia (Mcnab & Garcia-vasquez, 2011)

2010’s

* VisLab International Autonomous Challenge (Broggi, Medici, & Cardarelli, 2010)

« Spirit of Berlin and MadelnGermany, AutoNOMOS (Go6hring, Latotzky, Wang, & Rojas, 2013)
* Leoni Braunschweig

* Leaf Advance Driving Assistance System Prototype, Nissan (Santos, 2013)

» Google Car allowed to circulate in Nevada, USA. (Knapp, 2011)

) ) Joel Gongalves, 2014
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Why Are We Able to Drive the Automobile
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* it is deterministic
* It provides instant feedback
« wetrustin it and the system
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Research Questions
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Automated Vehicles ...
Thank Heaven ...

Reduced Questions on Human Factors and Ergonomics

For Heaven's Sake —
Even more Questions on Human Factors and Ergonomics
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Report on the Need for Research
Round Table on Automated Detving ~
Resaarch Working Group
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Round Table on Automated Driving
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Level 3 Research Questions

Report on the Need for Research Round Table
on Automated Driving — Research Working Group
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Level 3 Research Questions

Driver states and readiness to resume control

Designing the human-machine interface

Formutasion of B Seckge rulss for the HMI

Assessment and development of technologes 1o measure driver avaslabity

How can the performanceivigiance of the dever during sutomatod hving be assessed 10
best being him back 10 the control loop?

Detne psychophysical imits %0 performance in the montionng of partial automaton
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Can the driver maintain concentration during 2 longer automated ¥p?

Which requrements must be satsfied 10 pecmil the driver 10 resume Contiol over the highly
automated functions?

Can the driver handie the freguent change in "mode™? How can he be supporied here?
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Report on the Need for Research Round Table
on Automated Driving — Research Working Group
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Level 3 Research Questions

Non-driving activities
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Report on the Need for Research Round Table
on Automated Driving — Research Working Group

Test methods for HMI

[out ety for — driving eaperiance; - SScaptance; - ukabifly
Which scenanics e 1o be uted 1o valdate

Which factors of sutomated driving sffect the driving exges and scoeptance?

Learning and training
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Dot 1o Grver uréedim the abdty 10 Srive hamees

Which mental models does he dover create on system furcion? How can they te “shaped™?

Which stegs of sociad acceptance and 0P expes of P User BCCOMpanY
the gradusl Producton of sutomated driving funcsions (over years))

Differences in poople, influences on tasks

| Professional versus private cae and Sflerences in Lasks

What effects 00 Offerences in personaity have, In pariousar percepton of locus of control?
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Controllability / Visual Information

Preview of system behavior leads to

Quicker responses and

better learnability by visualisation

But still to total misses of traffic signs
while automated driving

Querablage mit 95%-Cl in [m]
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Weissgerber, T.; Dambéck, Daniel; Kienle, Martin; Bengler, Klaus: Erprobung einer kontaktanalogen Anzeige fur
Fahrerassistenzsysteme beim hochautomatisierten Fahren. 5. Tagung Fahrerassistenz, TUV SUD Akademie GmbH, 2012
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Visual Behavior During Tertiary Task (Dambock 2012) TI_lTl
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* Higher LOA lead to more visual divertion
* Haptic information is used to reducte glances to speedometer
* Visual behavior can be used as an availability metric for cooperation [H-M-S]
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Take-Over in Automated Vehicles

Take-Over (here): Machine initiated transition from automated to manual driving.

Take-Over Request (TOR) System Limit

€ >
I Time Budget
l Highly Automated ! : Manual Driving S
Driving , , B}
9 Non-Driving | Reaction ; | Take-Over / Transition

Related Task Time
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Take-Over in Automated Vehicles

Take-Over (here): Machine initiated transition from automated to manual driving.

Take Over Time and Quality
Are highly related to the
user‘s Trust in the System

l Highly Automated ! : Manual Driving S
Driving , , B}
9 Non-Driving | Reaction ; | Take-Over / Transition

Related Task Time
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Yes —we have the

10 seconds

.......................
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Non Driving Related Activities
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Digital Human Models for Future Interiours

Simulation dos Insassanvorhalians

‘Wirtwela sgonzminche
Fale Tl juiiaatg
Absbe bikiiing 5- 1 ViorgeBen i INSAA Propsin

Fleischer, M., Chen, S.: How Do We Sit When Our Car Drives for Us? In: Duffy, V.G. (ed.) Digital Human Modeling and Applications in Health, Safety, Ergonomics and Risk
Management. Posture, Motion and Health. Lecture Notes in Computer Science, vol. 12198, pp. 33—-49. Springer International Publishing, Cham (2020).
doi: 10.1007/978-3-030-49904-4_3

Fleischer, M., Li, R.: Spatial Needs for Non-Driving Related Activities. In: Proceedings AHFE 2021 International Conference (2021)
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Relaxed
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Kinotosis TUm

o,

BRLD 1 Schematache Darstellung der Experimentalbedinguag (© Dairmiler)

Bohrmann, Dominique: Probandenstudie - Vom Fahrer zum Passagier. ATZextra 24 (S1), 2019, 36—39
Bohrmann, Dominique; Bruder, Anna; Bengler, Klaus: Effects of Dynamic Visual Stimuli on the Development of Carsickness in Real Driving. IEEE Transactions on Intelligent
Transportation Systems 23 (5), 2022, 4833-4842
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Pedestrian Simulator — TUT
Research Questions

How do pedestrians perceive different types of automated vehicles?
What implicit and explicit communication strategies of automated
vehicles are intuitive and comprehensible for pedestrians?

Design
Timing
Message
Position

Lighting
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Current OEM Concepts TLT

Add. Display
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Motion as THE Language
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Fuest, T.; Michalowski, L.; Schmidt, E.; Bengler, K.: Reproducibility of Driving Profiles -- Application of the Wizard of Oz Method for Vehicle Pedestrian Interaction.
Proceedings of the 22st International Conference on Intelligent Transportation Systems (ITSC), IEEE, IEEE Xplore, 2019Auckland, New Zealand
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Systematic Helps
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Bengler, Klaus; Rettenmaier, Michael; Fritz, Nicole; Feierle, Alexander: From HMI to HMIs:
Towards an HMI Framework for Automated Driving. Information 11 (2), 2020, 61
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Transition Process and Model

Driver

| System | |

Driver state
accepted by
automation

Automated Driving

Driver state transition

Take-over time

intervention

i Intervention
i time

Remaining action time

>
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Total time budget

»

Control stabilization time

<
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Marberger, C., Mielenz, H., Naujoks,
F., Radlmayr, J., Bengler, K., &
Wandtner, B. (2017). Understanding
and Applying the Concept of “Driver
Availability” in Automated Driving.
In N. A. Stanton (Ed.), Advances in
Human Aspects of Transportation:
Proceedings of the AHFE 2017
International Conference on Human
Factors in Transportation



Looking Ahead - Rethink
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Haptic Shared Control — Active Systems

Vehicle guidance following the H-Mode (Dissertation Martin Kienle, 2015)
COPYRIGHT STAYS WITH LEHRSTUHL FUR ERGONOMIE TU MUNCHEN



Haptic Shared Control — Active Devices

e

Steering wheel YOKE SIDESTICK

Wittenstein Stirling Dynmaics

Vehicle guidance following the H-Mode (Dissertation Martin Kienle, 2015)
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Autonomous Driving UM
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Defining the Working Situation
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Yet — Another Usecase. TLT
Support for Visually Impaired Drivers

Christian Lehsing, 2018

Biebl, Bianca; Arcidiacono, Elena; Kacianka, Severin; Rieger, Jochem W.; Bengler, Klaus: Opportunities and Limitations of a Gaze-Contingent
Display to Simulate Visual Field Loss in Driving Simulator Studies. Frontiers in Neuroergonomics 3, 2022
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https://doi.org/10.3389/fnrgo.2022.916169

https://www.stadtup-online.de/
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Solutions and Technologies for Automated Driving in Town:

Federad Ministry
for Econamic Affairs
and Climate Action

un an | Jrban mobility project *

ey
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Goals and Innovations

Concepts for sustainable, multimodal urban mobility

 Dialogforum cities and technology stakeholders
* Digital twin urban mobility
» Analysis and evaluation of mobility scenarios

DZ Modellstadt Braunschweig : Motiontag Tracking-App
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LoA (Sheridan 1992)

Beschreibung

. Alternativen-  Alternativen-  Handlungs- Handlungs-
der Automationsstufe generierung  reduzierung auswahl umsetzung

Volls& ndige Kontrolle durch den Menschen. M M M M
=) 51 Handlungsauswahl durch den Menschen aus einem kompletten Satz
c < . . . A M M M
=0 Fh 0 dicher Alternativen.
()
S é Handlungsauswahl durch den Menschen aus einem vorausge& hten A A M M
g # 1 Satz von Alternativen.
= ()
© Durchfi hrung der vom Automaten vorgeschlagenen Handlung durch A A " "
den Menschen.
o S Durchti hrung der Handlung durch den Automaten nach Genehmigung " A A N
=R durch den Menschen.
Y— %]
UEJ 51| Durchfi hrung der Handlung durch den Automaten, wenn ein Veto des
= . A A A A
Menschen ausbleibt.
. A A A A
Informierung des Menschen.
= _§ Durchfi hrung der Handlung durch den Automaten. Eine Information des A A A A
g 3 Menschen findet nur statt, wenn diese angefordert wird.
—_ =
g § Durchfi hrung der Handlung durch den Automaten. Der Automat A A A A
y= i entscheidet, ob der Mensch informiert wird.
o
A A A A

Informierung des Menschen.

Sheridan, T.B. (1992). Telerobotics, Automation and human Supervisory Control. The MIT Press: Cambridge.
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Using Alternative Taxonomies

Human-Robot Interaction

(

DoT
Sustained
Name Iateral and Do oDD
- longitwdinal | OEDR fallback
3 vehicle motion|
3 control
Driver performs part or all of the DDT
0 No Driving | The performance by the driver of the entire DDT, even Driver Driver Drver na
Automation en enhanced by active safafy systems.
The sustained and ODO-specific exacution by a
driving autornation system of either the laferal or the . . N
1 ASD.’ e o longitucinal vehicie moton control subtask of the DDT Diver and Driver Driver Limited
SISTNCE | 1yt not both simultaneously) with the expectation that ¥
the dniver performs the remainder of the DDT.
" The sustained and ODD-specific execution by a dniving
Partial | g iomaion system of both the /ateral and fongitudinal )
2 Driving | *yehicle mation control subtasks of the DDT with the System Driver Driver Limited
Automation | eypactation that the driver completes the OEDR
subtask and supervises the dnving automation system.
ADS (“System”) performs the entire DDT (while engaged)
Fallback-
The sustained and ODD-specific performance by an ready user
Conditional| ADS ofthe entire DDT with the expectation that the: System System | (becomes | Limited
3 | Driving | DDT fallbackready useris receptive to ADS-issued the driver
Automation | requests io infervene, as well as to DDT performance- during
relevant system failures in other vehicie systems, and fallback)
will respond appropriately.
High The sustained and ODD-specific performance by an
ADS of the entire DDT and DOT faliback without any
4 Au?" a expectation that a user will respond to a request to System System System Limited
omation intenvena
Full The sustained and unconditional (L., not ODD-
A specific) performance by an ADS of the entire DDT
5 Au[i’gl;m‘ilon and DDT fallback without any expectation that a user System System System | ynlimited
will respond to a request to intervene

Y4 N\ )

Human-Robot
Collaboratio
n

Human-Robot
Cooperation

Human-Robot
Coexistence

working
time

working
time

working
time
workspace

workspace workspace

Schmidtler J., Knott V., H6lzel Ch., and Bengler K. Human Centered
Assistance Applications for Manufacturing Systems of the Future,
to appear in Occupational Ergonomics (special issue), 2015.
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Looking Ahead

We should

see the value of highly assisted driving
- dareto rethink usage scenarios
- migrate to other human centered taxonomies

- change the relation of Analytics and Empirics
more modeling and calculation
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