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Introduction



Research Direction in ETRI

o™ Al Robot UX Research Section

= |dentify societal and technological issues on the current and the future robotics and mobility areas
= Mental model based human factor in-depth research for robotics and mobility users

= UI/UX based future robotics and mobility core technology

Main Research Interests

1. Human status assessment

Human factor based robot (mobility) interaction
Assistive technology for mobility users

Human robot(mobility) collaboration

Mobility data acquisition/analysis/visualization
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Future robot and mobility infrastructure Improvement
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Human Information Processing
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Wickens and Hollands, 2000



Driver Information Perception

= Sense of small (olfactory)

= Sense of taste (gustatory)

= Vision (visual)

» Hearing (acoustic)

= Sense of touch and motion (haptic)



Modality Channel

Auditory presentation

Simple message

Visual presentation

Complex message

Short message

Long message

Not be referred to later

Be referred to later

Events in time

Locations in space

Immediate action

Not immediate action

Visual channel is overburdened

Auditory channel is overburdened
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* Yerkes-Dodson Law between arousal and performance, 1908

» Drive is an "excitatory state produced by a homeostatic disturbance”, [Seward, 1956]



Sensing Drivers



Sensing Human

= Direct Methodology
* Questionnaire
« Vision Sensor : Face, eye tracking
« Bio Sensor

* |n Direct Methodology
* Vehicle Control
 Interaction with Vehicle
 Driver Behavior

= Cognitive Distraction?



Driver Status Monitoring
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Driver Research %wj\ K
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DMS Architecture

In-Vehicle sensors
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Workload Management System
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DMS in AVs



State Transitionin AVs

Driver initiated
Driver initiated, failed

ADS initiated Automation

Driver initiated

Automation

ADS initiated
ADS initiated, failed




DVI Experiments

@ IMI

Hand-over TOR Driver Confirm Manual Driving
has been stabilized

Information Collection Information Provision

*  Driving Simulation «  Visual
*  Vehicle Control « Auditory
»  Physiological Info. *  Haptic
*  Driver Behavior ¢ Multi-Modal
* Interaction * Pre-Cue
« Attention
Questionnaires
NDRT «  Demographic Info.
« No Task e« NASA-TLX
*  Visually Demanding Task « RSME
*  Mentally Demanding Task « VAS

* Complicated Task * Interviews




DVI Experimental Results

1 Vehicle
< i >
DR| Avemter | Teten Ml b
« T1 = perception + reflexive
« T2 = mental processing(SA)

« T3 = settling time

Percelibt\'on Reaction »
I ) ;4T|me Budget 554 ’ Time
TOR ™ T2 RE
n=91, (sec)
. . . standard
region mean min max range variance . .
deviation
T1 2.89 1.82 5.83 4.01 0.55 0.74
T2 1.43 0.40 7.00 6.60 0.81 0.90
T3 14.25 1.20 68.50 67.30 113.58 10.66
Time Budget 18.58 6.02 71.83 65.81 111.56 10.56




Evaluation of DMS




DMS Concepts

DANGEROUS DRIVING DETECTED

The system can classify many
driver activities:

+ Calling

+ Drinking

- Smoking

* Yawning

+ Hands off steering wheel

* Arm out window

+ Looking at directions

BEAD'MOVEMENT  WORKS DAY
TRACKING AND NIGHT

Qualcomm, https://youtu.be/-zu_uLDMV90 https://youtu.be/tTPWT7PrQmc



Virtual Driver Project
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Research Concept
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Euro NCAP Roadmap

Euro NCAP 2025 Roadmap Euro NCAP Vision 2030
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Objectives
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Conclusion



EU Driver Research

EHEXL, S20[2X P (OMS+eHMI) = HAF HEat HMI
Now 2022 to Oct 2025 \AWARE2ALL HADRIAN / Dec 2029 to May 2023
Sean Michael Gaines Cooke, Vicomtech Peter Moertl, Virtual Vehicle Research GmbH

AR} £
May 2019 to April 2022

HMI + awareness
Sep 2022 to Aug 2025

HEIDI Driver2theFuture

4D FT SHADW . ajo|=y3
Oct 2022 to Sep 2025
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Nicole van Nes, TU Delft

human behavioural Model (2712

Jan 2023 to Oct 2026 | BERTHA
Jose Solaz Sanahuja, IBV

safety, trust and acceptance of AV
May 2019 to July 2022




DMS Info. Requirements

DVE_____linfo m_

Driver Eye/Head A Eyetracker / Head tracker
Gesture O O A Depth camera
Smart Phone O O O Smart Phone
Physiological O A A ECG(HR, HRV), RSP
Vehicle Speed O O O CAN
Steering O O O CAN
ADS O O O ADS
ODD O O O ADS
Environments Road O O O ADS (Map, FCW, LKS)
Traffic A A A VT
lllumination O A A Driving time
Weather A A A VTI



Conclusion

|
' Late
Majority : Majority
|
|

Early Early

Adopters Laggards

Innovators

Area under the
curve represents
number of customers

“The Chasm”

Technology Adoption Lifecycle

https://medium.com/block6/why-web3-will-have-the-hardest-ui-ux-challenge-any-industry-has-ever-faced-b418d3cc75fe



