
COPYRIGHT STAYS WITH LEHRSTUHL FÜR ERGONOMIE TU MÜNCHEN

Driving Automated. 

Looking Back - Looking Ahead

Automotive User Interfaces 2023

Ingolstadt

Prof. Klaus Bengler

Technische Universität München

School of Engineering and Design

Lehrstuhl für Ergonomie

with contributions of LfE Doctorates



COPYRIGHT STAYS WITH LEHRSTUHL FÜR ERGONOMIE TU MÜNCHEN

Benefits of Higher Levels of Automation

Welt online, 2011

• Improved Traffic Flow

• Efficient Usage of Infrastructure

• Fuel Savings

• Comfort

• More Lifetime

• More Quality of Life

• More Safety ?

Welt online, 2011
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1863

• Paris au XXème Siècle (Verne, 1863)   

20’s & 30’s

• ”Iinrrican 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)

Autonomous Car History (selected)

Joel Gonçalves, 2014
HF Auto



COPYRIGHT STAYS WITH LEHRSTUHL FÜR ERGONOMIE TU MÜNCHEN

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 Italy(Broggi, Bertozzi, & Fascioli, 2000)

2000’s

• Demo I, II, III 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 MadeInGermany, AutoNOMOS (Göhring, 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)

Autonomous Car History (selected)

Joel Gonçalves, 2014
HF Auto
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Why Are We Able to Drive the Automobile
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Because ..

August Horch (1908)

• it is deterministic

• it provides instant feedback

• we trust in it and the system
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Research Questions

Deterministic

Feedback

Trust

Interaction 

concepts

Driver status

Automation 

effects
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Transition 

times

Mode 

Awareness

Adaptive

Automobiles

eHMI

Driver status
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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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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

Report on the Need for Research Round Table 

on Automated Driving – Research Working Group
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Preview of system behavior leads to

Quicker responses and 

better learnability by visualisation

But still to total misses of traffic signs

while automated driving

Controllability / Visual Information

Weissgerber, T.; Damböck, Daniel; Kienle, Martin; Bengler, Klaus: Erprobung einer kontaktanalogen Anzeige für 

Fahrerassistenzsysteme beim hochautomatisierten Fahren. 5. Tagung Fahrerassistenz, TÜV SÜD Akademie GmbH, 2012
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Visual Behavior During Tertiary Task (Damböck 2012)
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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]

(Dissertation D. Damböck 2013)
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Take-Over (here): Machine initiated transition from automated to manual driving. 

Take-Over in Automated Vehicles

Time Budget

Take-Over Request (TOR) System Limit

Highly Automated 

Driving

Manual Driving

Take-Over / TransitionReaction 

Time

Non-Driving 

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

Take-Over in Automated Vehicles

Time Budget

Take-Over Request (TOR) System Limit

Highly Automated 

Driving

Manual Driving

Take-Over / TransitionReaction 

Time

Non-Driving 

Related Task

But:

Take Over Time and Quality

Are highly related to the

user‘s Trust in the System
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Yes – we have the 

10 seconds

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

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

20
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Kinotosis

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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How do pedestrians perceive different types of automated vehicles?

What implicit and explicit communication strategies of automated

vehicles are intuitive and comprehensible for pedestrians?

22

Pedestrian Simulator –
Research Questions

Design

Timing

Message

Position

Lighting
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Current OEM Concepts

Add. Display

Projections
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Motion as THE Language

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

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

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
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Looking Ahead - Rethink

27
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Haptic Shared Control – Active Systems

Vehicle guidance following the H-Mode (Dissertation Martin Kienle, 2015)
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Haptic Shared Control – Active Devices

Stirling Dynmaics
SIDESTICKSteering wheel

Wittenstein
YOKE

Vehicle guidance following the H-Mode (Dissertation Martin Kienle, 2015)
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Autonomous Driving
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Defining the Working Situation

?

?
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Yet – Another Usecase.

Support for Visually Impaired Drivers

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 

doi:10.3389/fnrgo.2022.916169

Christian Lehsing, 2018

https://doi.org/10.3389/fnrgo.2022.916169
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https://www.stadtup-online.de/

34



Solutions and Technologies for Automated Driving in Town:

an urban mobility project



Teilprojekt  1

Perspektives urban Mobility
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Concepts for sustainable, multimodal urban mobility

• Dialogforum cities and technology stakeholders

• Digital twin urban mobility

• Analysis and evaluation of mobility scenarios

Goals and Innovations

Motiontag Tracking-AppDZ Modellstadt Braunschweig
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LoA (Sheridan 1992)
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Informierung des Menschen.
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Durchfü hrung der Handlung durch den Automaten. Eine Information des 

Menschen findet nur statt, wenn diese angefordert wird.
A A A A

Durchfü hrung der Handlung durch den Automaten. Der Automat 

entscheidet, ob der Mensch informiert wird.
A A A A

Informierung des Menschen. 
A A A A

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

38
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Human-Robot 

Coexistence

Human-Robot 

Cooperation

Human-Robot 

Collaboratio

n

goal
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working
time

contact

goal
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working
time
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working
time

Schmidtler J., Knott V., Hölzel Ch., and Bengler K. Human Centered 

Assistance Applications for Manufacturing Systems of the Future, 

to appear in Occupational Ergonomics (special issue), 2015.

Using Alternative Taxonomies
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We should

- see the value of highly assisted driving

- dare to rethink usage scenarios

- migrate to other human centered taxonomies

- change the relation of Analytics and Empirics

more modeling and calculation

Looking Ahead


