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Transition of Control

Big next step for higher levels of automation

Discussion within UN-ECE: How to design for these “transitions™?

Lu et al. (2016), McCall et al. (2019)
 Driver initiated or System initiated
* Scheduled take-over of non-scheduled take-over
* Normal or Emergency situation
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Driver Take-over time (TOT)
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Transportation Research Part F: Traffic
Psychology and Behaviour

Volume 64, July 2019, Pages 285-307

ELSEVIER

Determinants of take-over time from

automated driving: A meta-analysis of 129
studies

Bo Zhang ® & B, |oost de Winter &, Silvia Varotto & 9, Riender Happee ™ ©, Marieke Martens  ®
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Inclusion criteria

1) Transition to manual (after hands off and feet off)

2) Take-over performed by a human by braking, steering or pressing a button
3) Presence of a TOR or a critical event

4) Reported mean or median TOT

5) 4 or more studies available with this variable
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Methods

1) “Between study” correlation analysis to examine the relationships between study
variables and mean TOTs across the experimental conditions

2) “Within-study” evaluation of the effect when holding other variables constant
Situation-related

* Urgency
* Non-driving tasks

» Behaviour of other
road users
» Traffic density

Driver-related
Age

Driver states
Experience

PLEASE TAKE OVER!

Vehicle/system-related
* Level of automation
¢ TOR modality

Study specific
Simulator fidelity
Experiment design
Instructions

ving Automation
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Variables studied

1.Mean age of the participant group

2. Simulator fidelity (low, medium, high)

3. Level of automation (L2, L3+L4)

4. Modality of the NDT (visual/acoustic /motoric/cognitive)

5.Hand-held device

6. Modality of the TOR (visual, auditory and tactile)

7.Urgency (low, medium, high) and time budget to take over (e.g TTC)
8. Complexity of the driver response (low, medium, high)

9. Interaction with other road users during take-over process (binary)
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129 studies included

126 car studies - 3 truck studies
520 mean TOT
4556 participants

40 high-end simulators

84 mid/low fidelity driving simulators

3 on-road studies

2 test tracks
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Results: Study set-up (combinations)
» Higher levels of automation: Explicit TOR + NDT + longer TTC
- in line with the definition of SAE Levels of AD

» NDT: motor task often combined with visual — cognitive task with auditory
—> standardized tasks were frequently used (e.g. SURT, cognitive N-back)

» Visual + auditory TOR (auditory + vibrotactile hardly combined)

» Complex driver response + higher urgency and other road users
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General overall results
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Results: between study

Urgency of the take-over scenario and HH device

strongest correlations with the mean TOT

Weak correlation with modality of TOR or NDT

Strong correlation between mean and SD of TOT(r = .82)
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Correlation  with
mean TOT
Study variable Average SDmean
r p  Study variable conditions n mean TOT TOT
(s} (s}
1. AGE 22 24 - 485 - -
0 (low fidelity) 81 2867 238
2. 8IM -04 02 1 (medium fidelity) 2868 284 133
2 (high fidelity) 171 257 0.85
0iL2) 62 214 147
3. LAD A8 A9
1 (L3 and above) 458 2.80 1.47
0 (no visual TOR) 160 263 175
4. TOR_V 04 .08 =
- 1 [with visual TOR) 360 27 1.29
5. TOR_A 12 12 0 ino auditory TOR) 84 2:2 12:)
TOR modality ' '
5. TOR_VT A1 -0 279 150
1 (with vibrotactile TOR) 73 235 0.99
0 (no TOR) 34 240 1.08
7. TOR_P 08 .06
= 1 (TOR present) 488 275 147
0 (no visual NDT) 204 245 112
B.NDT_V 13 13
= 1 (the NDT is visual) 309 289 162
lo.nDT A .03 _ g7 0 (no auditory NDT) 384 275 129
= 1 ) 267 1.8
o NDT modality 274 127
10. NDT_M -0 -0af 1 .
motoric manceuvre) 224 272 167
D (without  highly
cognitively  demanding
11.NDT_C =05 =11} NDT) 385 278 1.28
1 (with highly cognitively
d ding ND'T) 128 2860 1.90
| . .
L2 HAND a0 3s]. Hand holding a device 142
the hands) 108 361 1.46
0 {no NDT present at the
moment of TOR) 143 245 147
L len Al 11 (NDT present at the
moment of TOR) T 282 1.53
[14.URG -4 -421  Urgency of the TO scenario
0 - {Ioﬁ' : 'raaponse
complexity) 108 3.43 2.21
1 (medium response
15.0RE =18 ~07 complaxity) 134 234
2 ({high response
complexity) 253 268
0 (no interaction with
16.1RU 08 14 Dth.el rnad.usarj. 344 267
1 (interaction with other
road user) 141 293
T.TBTC 53 A3 - .
Fa'rsm 73 31— TOtime budget —
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Results (within)

»NDT and TOR modalities most frequent
independent variables, followed by
urgency, traffic density and age.

» Urgency and hand-held device were found
to have large effects (MDs ~ 1.3 s)

» Familiarization of TO scenario shortened
mean TOT (MD = -1.0 s)

» Visual-only TOR led to substantially longer
TOT (MDs <-1.4s)

» Effect of age is weak (MD = .10 s)
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No NDT vs. Visual-auditory NDT (hands-free) |
No NDT vs. Visual-mator NDT (hands-free) -

No NDT vs. Auditory-cognitive NDT (hands-free) -
No NDT vs. NDT (handheld) |

No NDT vs Eyes closed |

Youngvs. Old +

No traffic vs. Traffic |

Unanticipatable vs. Anticipatable take-over

1st take-over vs. 2nd take-over |-

Smaller vs. Larger fime budget |

Shorter vs. Longer automated driving duration
Without vs. With TOR

Visual vs. Auditory TOR

Visual vs. Vibrotactile TOR |-
Auditory vs. Visual-auditory TOR |
Auditory vs. Vibrotactile TOR +

Auditory vs_Auditory-vibrotactile TOR |
Vibrotactile vs. Auditory-vibrotactile TOR |
Visual-auditory vs. Visual-auditory-vibrotactile TOR
Non-directional vs. Directional TOR

Without vs. With peripheral visual stimuli |-
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Summary

1) Urgency has strong correlation with mean TOT
- if there is more time to take over, drivers use more time to take over

2) Non-driving related held-held task increases mean TOT

3) Modality of the non-driving related task (e.g., visual, auditory, motoric, or cognitive)
showed small effects on TOT

4) Prior experience with take-overs has a strong effect

5) Drivers responded about equally quickly to vibrotactile, auditory, multimodal, or
directional TORs (visual only slower!)

6) No consistent effect of age in the within-study analysis despite of the wide age
variance (not controlled for trust..)
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Physical intensity of the TOR
Vehicle type

Driver assistance systems (e.g., braking assist system)

| Directional TOR o

Activities during | Peripherical visual stimuli o

the take-over

s | Level of automation +
Non-driving | Ageo
posture
SR | Auditory task o
Training and
practice | Veualtasky Instruction

| Fidelity of the driving

simulator o Experiment design

| Cognitive

i
Trust, compliance fasko

and reliance with
the system
| Motoric task

Drowsiness and  (hand-free) o

fatigue

Drug and alcohol

use
| Duration of automated driving o

| Complexity of take-over response o
(urgency as a strong mediator)

Driving speed
Time of the day
Weather condition
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Limitations and further research

* Nearly all studies were conducted in driving simulators (minority high-end):
» Relative instead of absolute validity?
* Knowing to be in experiment
* Almost all cars, limited number of truck studies

* The between-study analysis: correlational rather than causal

* Mean TOTs so individual participants’ transition times could have been much longer:
Collisions are outliers in the TOT distribution.

* This meta-analysis investigated take-over time, not take-over quality.
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Thank you for your kind attention.

Marieke Martens Bo Zhang
m.h.martens@tue.nl b.zhang@utwente.nl

This project has received funding from the European Union’s Horizon 2020
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