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DISCLAIMER

The opinions, findings, and conclusions expressed in this presentation are
those of the authors and not necessarily those of the Department of
Transportation or the National Highway Traffic Safety Administration. The
United States Government assumes no liability for its contents or use
thereof. If trade or manufacturers’ names are mentioned, it is only because
they are considered essential to the object of the publication and should not
be construed as an endorsement. The United States Government does not
endorse products or manufacturers.



Our Mission: enhance safety through

understanding the human-vehicle relationship
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Technology

Understand and advance vehicle
technology and simulation
science

» Distributed cross-modal simulation
* Instrumented on-road vehicles
+ Digital twins

Understanding

Explore methods for improving
driver performance and
understanding of technology

 Driver training and exposure
* Mental models
» Naturalistic data collection

Performance

Identify and shift the limits of the
human-machine relationship

« Edge case evaluation
» User interface evaluation
« Data reduction and analysis

Mobility

Enhance road user mobility
through research and outreach

* ADS for Rural America
» Connected vehicles
» Technology demonstrations




Level 3 Automated Driving Systems (ADS)

 Perform entire dynamic driving task in operational design
domain (obpD)
- Lateral and longitudinal control
« Object and event detection and response

« User can disengage but remains receptive to request to
Intervene (RTI)

« ADS issues RTI when approaching ODD exit
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Transition Window Parameters

 Sufficient transition window for user to reengage

* What is sufficient? Request to Intervene
ADS |
I_T_sufficient Control !
ransition > i
janstor ODD Exit

(becomes critical)

« User is never put in time-critical response situation
« What happens when expectation is violated?

« Edge cases ADS

Control J
> ODD Exit
(non-critical)

Request to Intervene

SAE International® C
Government/Industry Digital Summit Edge ase 5



NHTSA Projects on L3-LO Transition of Control

« Temporal Components of Warnings and Notifications for Safe
Manual Re-engagement with the Driving Task in Automated Driving
 Thomas Fincannon
 Define the minimum sufficient transition window (MSTW)

* Transition of Control and Post-Transition Driver Performance In
Level 3 Automation
* Christian Jerome

» Examine the effectiveness of HMI design characteristics for transition of
control in normal and edge case situations
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National Advanced Driving Simulator, University of lowa

National Advanced Driving Simulator
at the University of lowa
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TJAD Operating

Daq:986687 MPH:15.5
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Level 3 Simulator Test Platform

L3 to LO
Transitions

; ows Transition
— comeninn ® Window

Failure Mitigation Strategy

Promoti Email
Q »:.w ::\:.i -"zm R RTI Stage 1 RTI Stage 2

Hayden Black 1orm
Personal Email #1
{appy day TJAD Ending 10s TJAD Ending TJAD Deactivated

Press take control Take control now! Automatic Braking!

Sophia Wilburn 1057 PM
Work Training #3

e Sam Malcolm A «+  Auditory tone to notify «+ Auditory alarm + Repeating auditory
Work Tralning #2 user « Fastpulsing red border alarm
> + Slowly pulsing white « Fastpulsing red border
border
. . . . Morgan Poe 1051 9
Level 3 Driving Manual Driving Work Training o1
—_—— —
o Promotions Email 1048 P
Email Training How-To's
2 Compose

£ o
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Measuring the Entire Transition

SAE International®
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Measuring Transition Timing and Quality

Attention returns to road

L | I im
0 20 40 60
Time (s) from TOR to PRC=.7

|

Eye Tracking
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Focus on Response Distributions

High Visual Demand High Visual Demand High Visual Demand

Time Budget: 3 s Time Budget: 6 s Time Budget: 9 s

slow lead ﬂ+ LL iﬁ}l;
reveal stopped L ﬁbb C i\[H
pedestrian cross ‘Iﬂ;gb ﬁk‘n cﬁi_.b_:
lane depart; ‘{ Lﬂ /]t’h A[L

workzone m ‘ d:lL@ c:r{i};)
A

DinparastDjadid et al., 2019
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Temporal Components of Warnings and Notifications

Define the minimum sufficient transition window

Phase 1: Review Phase 2: Sufficient Window Phase 3: RTI Design Phase 4: Moderating Factors

Review L3 literature on
transition windows

Review existing NADS data

S1: Adaptive NADS-1 study
on MSTW

S2: NADS-1 content study

S3: NADS-1 mode study

S4: NADS-1 urgency study

S5: NADS-1 study on
moderating situational factors
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Temporal Components of Warnings and Notifications

Simulator experiments with adaptive transition window

ADS Detects Work Zone

Revealed Work Zone
SAE International®

Government/Industry Digital Summit

Event 1

Event 2

Event 3

Event 4

Event 5

10s Transition Window

Successful Transition

|

8s Transition Window

Successful Transition

!

6s Transition Window

Unsuccessful Transition

!

7s Transition Window

Successful Transition

!

6.5s Transition Window
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Transition of Control and Post-Transition Driver Performance

Understand impact of RTI design characteristics on
transition of control in normal and edge case transitions

Request to Intervene Outside ODD
HMI Characteristics
Timing
. /N
Request to Intervene | Outside ODD Haptic + BT cldancs
| ‘ Kinematic
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Edge Case

Daq:999935 MPH:19.2
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Project Outcomes

« Temporal Components of Warnings and Notifications

 Estimate of the minimum sufficient transition window (MSTW), both in traffic
jam pilot and more expansive ODD

» Understanding of how RTI design characteristics could minimize MSTW

* Transition of Control and Post-Transition Driver Performance in
Level 3 Automation

» Understand how HMI design characteristics impact transition of control
timing and quality
» Both in normal and edge case situations
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Thank You

John Gaspar
Director of Human Factors Research
National Advanced Driving Simulator
University of lowa

lohn-gaspar@uiowa.edu
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