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Overview

⚫ System-initiated transition from automated driving system to 

manual driving in Level 2 (L2) and Level 3 (L3) systems

⚫ Human factor issues on driver’s availability when the RtI

(Request to Intervene) is presented

⚫ Research findings from “SIP-adus Human Factors Project 

Phase 1 and Phase 2”

⚫ Future research perspectives to enhance driver’s acceptance 

of L2 and L3 automated driving systems
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Manual driving

RtI: Request to Intervene

= request for Transfer of Control (ToC)

= transition demand

System
Automated driving Take-over mode Off (Level 0)

Driver Attentive phase

Lower physical workload

‘System-initiated transition’ from automated to manual driving

No steering and pedal operations

Ready to the transition (Available to take-over the driving task)

➔Human factor issues to manage the workload of the driver’s 

preparation for RtI
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Manual driving

RtI: Request to Intervene

System
L2 (level 2) automated Take-over mode Off (Level 0)

Driver Attentive phase

Transition from L2 automated to manual driving

Lower attentive?

How to measure the driver’s states?

Readiness/availability is conceptually a dynamic state of the driver during automated driving 

that influences successful driver’s take-over performance. The required level (criterion) of 

readiness/ availability can be experimentally determined as the level that leads to a successful take-

over in terms of time and quality within the driver state transition phase post transition control phase 

(ISO/DTR 21959-1: 2018).  
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Using of Automated driving

Driver Readiness/ 

Availability
Driver Monitoring System (DMS)

Measurement

Main System

Measurement of the readiness/availability

Countermeasures to 

improve the readiness
MRM (Minimum 

Risk Maneuver)

Detection of the readiness lower than criteria

• Information provision

• Warnings

etc.

Selection and execution of the methods for negotiating the lower readiness

Negative effects on 

take-over performances

Concept of “Driver Monitoring System”
<SIP-adus HF Phase 1>
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Readiness

Visually loaded 

condition

Cognitively loaded 

condition

Estimation of negative 

take-over performance

Abrupt operation

(lower stability)

Delay of  operation

(less margin to obstacles)

Late response

System intervention

Improve the readiness
【Warnings, etc.】

Improve the readiness
【Stop of the system】

MRM (Minimum Risk 

Maneuver)

Selection of 

intervention methods

System status, Road traffic environments

Drowsy condition

Judgment of 

intervention

Estimation using regression formula

Driver Monitoring System

Main system

Threshold 1

CriteriaEvaluation metrics
•Proportion of time 

glancing at front scene

•Number of saccade

•Number of blinks

•Number of saccade

•PERCLOS

•Duration of blinking

Threshold 2

Threshold 3

Judgment of 

intervention

Judgment of 

intervention

Selection of 

intervention methods

Selection of 

intervention methods

Estimation using “Driver Monitoring System”
<SIP-adus HF Phase 1>
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RtI: Request to Intervene

System
L3 (level 3) automated Take-over mode Off (Level 0)

Transition from L3 automated to manual driving
-Planned transition-

Manual drivingdriver Attentive phaseNDRA
(Non-Driving Related Activities)

Some information on “Request to Monitor” may 

be necessary so that the driver is aware of 

his/her surroundings before the RtI provision.

<SIP-adus HF Phase 2 findings>
⚫Evaluation metrics of the attentiveness: driver’s gaze, head movements

⚫Time series changes indicating an appropriate attentiveness: stable for more than a few seconds

⚫Time duration for an appropriate attentiveness: the rate of gaze-on-front tends to increase for 

about 5-20 seconds after the monitoring request.

How to measure the driver’s attentiveness?



<Measures>

Before the transition

✓Gaze 

✓Head movements

After the transition

✓Reaction time of steering 

✓Reaction time of blinkers

✓Crash rate

✓Rate of cutting the yellow line

✓etc. 8

Transition from L3 automated to manual driving
-Planned transition- <SIP-adus HF Phase 2>

東京 千葉 埼玉

Change to 

the right or 

left lane 

manually

Typical driving scene in driving simulator experiments: lane change task 

after the transition in a straight road of highway

Before the transition

Start driving

(about 3 mins)

Participant’s task

「Please drive toward Tokyo 

(select the lane indicating 

Tokyo) manually」

Participant’s NDRA

「Please play Tetris」

Participant’s task

「Please monitor  the 

environment」

10 traffic 

patterns

RtM: request 

to monitor

RtI: request 

to intervene

Manual 

driving

Automated 

driving

After the transition

Experiment methods

Driver’s 

vehicle
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10%

20%

30%

40%

50%

60%

70%

80%

Percentage of glancing at front per 5 seconds

Percentage of glancing at mirrors per 5 seconds

Percentage of glancing at front or mirrors

Time after the onset of monitoring (seconds)

0                      10                       20                          30                          40                   50

Time series analysis of driver’s visual behavior after the driver 

begins to monitor the surrounding situations

Process of 

increasing 

situational 

awareness 

by focusing 

attention on 

either the 

front or the 

mirror

Stable rate of forward and peripheral (mirror) 

gazing = state of being able to recognize both

In a situation where the time 

between the RtM and RtI was 

about 60 seconds

Experiment results (1/2)

Transition from L3 automated to manual driving
-Planned transition- <SIP-adus HF Phase 2>
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-50 -45 -40 -35 -30 -25 -20 -15 -10 -5

Manual 55s 20s 10s 5s

10

no crash, no yellow line cut, 

no without lane change

70%

80%

90%

0s5s10s20s55sManual

Time until RtI (s)
Success rate of lane 

changing after RtI

Driver’s visual behavior before the transition and success rate of lane changing after the transition

–The 55s condition elicited a stable gaze-on-front rate of about 70% before the RtI, and the success 

rate of lane changing was comparable to the manual driving condition (the highest success rate 

among all the automated conditions).

RtI

Gaze rate

(front)

Success rate of 

lane changing

Gaze-on-front

Mean and standard error of all 30 participants

Transition from L3 automated to manual driving
-Planned transition- <SIP-adus HF Phase 2>

Experiment results (2/2)
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Manual driving

RtI: Request to Intervene

System
L3 (level 3) automated Take-over mode Off (Level 0)

Driver Attentive phase

Transition from L3 automated to manual driving
-Unplanned transition-

NDRA
(Non-Driving Related Activities)

Driver respond?
Yes

No
MRM (Minimum risk manoeuvre)
shall be started, earliest 10 seconds after the 

start of the RtI. (UN Regulation No. 157)

Confirming the driver’s attentiveness

Reducing or suppressing the driver’s 

control by the system in case the 

system has detected an imminent 

collision risk due to this driver input.



System-initiated transition from automated to manual driving

-Summary-
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Manual driving

RtI: Request to Intervene

System
L2 or L3 automated Take-over mode Off (Level 0)

Driver Attentive phaseDriver states?

Human factor issues 

are different between 

the system levels.

L2

L3 Planned

L3 Unplanned

Driver monitoring system to measure driver’s 

readiness/availability and to detect it lower than 

criteria 

To promote the attentive phase that the 

driver comes back in the driving-loop and 

recognizes the surrounding situations

To confirm the driver’s attentiveness 

(and his/her appropriate driving 

controls) or to execute MRM
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Future research perspectives

Driver’s acceptance of the transition in real environments

Influences of driver’s experiences of the automated driving systems 

in his/her daily trips on the attitudes to the transitions

HMI (Human Machine Interaction/Interface) to increase the values 

of the automated systems

Field operational tests are important, and we should evaluate the effects of “duration of engaging in 

NDRA”, “willingness to the NDRA”, “type and duration of the notification”, and “want to take-over (=driving 

contexts)” on the driver’s acceptance of the RtI.

Long-term assessments are necessary, and driver’s experiences including the frequencies and outcomes 

receiving the RtI in his/her daily trips might influence the attitude to the system-initiated transitions.

NDRAs are not limited to watching a smartphone. HMI in L2 and L3 automated systems might contribute 

to increasing the values using the automated systems (driving pleasures, driving comfort, etc.) in addition 

to the disengagement in manual driving operations.
Thank you for your attention!


