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E}Extraction of Potential Human Factor problems

Interactions and related issues Level 1 Level 2 Level 3 Level 4 Level 5 Societ
ociety
System use
A1 lUnderstanding system functions How to avoid over trust, over reliance, misunderstanding of functional limitations?
A-2 Understanding system states How to avoid misunderstandings of system's current state and future actions. Surroundin g road users
A-3 lUnderstanding system operations How to improve usability of complicated HMI (switches)?
5 A-4 lUnderstanding system behavior How to avoid worries and discomfort for system's driving manner differing from individual driver's manner?
=
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® Driver's state
2
=
< . . . How to maintain required driver's state with
> - "
B-1 Driver state with automation automation?
[Transition from automation to fully How to avoid degraded response action of the
B-2 N N
manual driver unready to take over the vehicle control?
How to overcome the How to overcome the
" . negative benefit of fight inegative benefit of How to compensate for the decreased value of
B-3 User benefits of automation i P s a - 3
lagainst drowsiness interruption of non-driving homogenized brands and car performance?
/boredom? related activities?
Commumcatlop between the . How to enable automated vehicles to communicate with surrounding drivers in intersections, merging, lane
C-1 lautomated vehicles and surrounding
N change and others?
= (drivers
£
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gg ICommunication between the
a 3 c2 utomated vehicle and surroundin How to enable automated vehicles to communicate with presdtrians standing by a cross-walk, pedestrians in
] 9 parking, in shared space and in other situations?
Re] ulnerable road users
o
2
[
>
c3 Mediation between formal rules and How to mediate conflicts between yielding and priority, traffic speed and speed
raffic efficiency limit regulation, and others?
- D-1 Soial value anvd acceptance of the How to design functional deployment over time to raise social acceptance?
© lautomated vehicles
3
' D-2 Liability How to define liability for crashes considering limitation of human ability?
Q
°
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> D-3 Licensing Does licensing need to be modified?



—

éé..Extraction of Potential Human Factor problems

Interactions and related issues Level 1 Level 2 Level 3 Level 4 Level 5 Societ
ociety
System use
A1 lUnderstanding system functions How to avoid over trust, over reliance, misunderstanding of functional limitations? k
A-2 Understanding system states How to avoid misunderstandings of system's current state and future actions. Surroundin g road users
A-3 lUnderstanding system operations How to improve usability of complicated HMI (switches)?
5 A-4 lUnderstanding system behavior How to avoid worries and discomfort for system's driving manner differing from individual driver's manner?
=
S o
® Driver's state
2
=
< . . . How to maintain required driver's state with
> - "
B-1 Driver state with automation automation?
[Transition from automation to fully How to avoid degraded response action of the I as k B
B-2 N N
manual driver unready to take over the vehicle control?
How to overcome the How to overcome the
" . negative benefit of fight inegative benefit of How to compensate for the decreased value of
B-3 User benefits of automation i P s a - 3
lagainst drowsiness interruption of non-driving homogenized brands and car performance?
/boredom? related activities?
Commumcatlor? between the . How to enable automated vehicles to communicate with surrounding drivers in intersections, merging, lane
C-1 lautomated vehicles and surrounding
N change and others?
= (drivers
£
fask C
= o . .
'wi 3 c2 aclir:r;n:tggili?c?eegzeguﬁgun din How to enable automated vehicles to communicate with presdtrians standin_ .
] 9 parking, in shared space and in other situations?
Re] ulnerable road users
._‘:_J
[
>
c3 Mediation between formal rules and How to mediate conflicts between yielding and priority, traffic speed and speed
raffic efficiency limit regulation, and others?
- D-1 Soial value anvd acceptance of the How to design functional deployment over time to raise social acceptance?
© lautomated vehicles
3
' D-2 Liability How to define liability for crashes considering limitation of human ability?
Q
°
kg
> D-3 Licensing Does licensing need to be modified?



Task A investigates effects of system information (knowledge and dynamic state) on drivers’

takeover performance for Levels 2 &3 (conducted at U of Tsukuba).

Findings . . . _—
Driver’s information acquisition
B Aim 1: Knowledge Aim 1
« Knowledge required for successful takeover SElenomatian R
was clarified. m Knowledge environment
« Experiencing takeover situations improved ) fﬁﬂiﬁ'.%ﬂi and ;
performance of successive takeovers. « Driver’s role 2 : _
B Aim 2: Dynamic information ~ System information
- Some information of dynamic state of the '.Dg'”:t':r: isr:;‘z;mation
system was found to be effective to improve . sttem,s olanning
takeover performance. and actions
_‘l’J,

* Fundamental requirements for HMIs to
display the dynamic information of the system
were clarified.




Task B investigates effects of driver state (readiness) on his/her takeover performance for Levels
2 & 3 and extracts metrics of readiness for driver monitoring (conducted at AIST).

Findings Monitori
_ onitoring
B Aim 1: Effects of driver state on AIm 2 — \

takeover performance 2R
« Low arousal, cognitively loaded and =t Aim 1
visually loaded state of the driver

degraded driver’s takeover performance in Automated driving
different ways. ) - ’ Risk of unsuccessful

. . . takeover
B Aim 2: Metrics of readiness

|
* Frequency of saccadic movements of the .

.. ) - Selection and execution
eyes, blinking frequency, percent time of N> l of Intervention
forward looking, and Perclos were B

Drive}' state i i _
extracted as metrics of readiness for measurement at AIST Restoration of Emergency stop
driver monitoring. desired readiness of the vehicle

5

Decline of readiness




Task C investigates effective ways to functionalize the automated vehicle to communicate
surrounding road users for Levels 2 & above (conducted at Keio U).

Findings
H Aim 1: Current on-road communication

* Vehicle behavior was found to be the primary
communication cue when yielding to other road
users; the most frequent case.

» Benefits of on-road communication was defined
as safety, sense of security, efficiency and
social acceptance.

' Fixed-point obseryati
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Social
/acceptance

Sense of

/ Safety  security

Efﬁcienc&i*. ‘

B Aim 2: Considerations/recommendations
for external communication of AV

« External HMI was found to be an additional cue
and effective when deceleration was small.

« On-road communication was influenced by
attributes of road users and social norms.
Universal design and standardization of external
HMI need to be considered.

* |t was observed that some external HMI also
induced unsafe behavior of some pedestrians.
(further investigation is on-going).

| am going to stop After you

Automated driving
A & AR




What’s the next?
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IP Phase Il Roadmap

SAE* automated driving level Practical implementation of
logistics/mobility services

Level 5 ﬂ- m@/

Fully automated
driving society

Logistics/
mobility services
Level 4 .
» Address depopulation
» Address driver shortages v Resolve societal challenges
* Freedom of movement
Level 3 @ Expansion of operational
(Unmanned transport vehicles in factories) Privatel d domain from highways to
{ SN y e }/ general public roads
Level 2 (Golf carts) vehicles
* Traffic accident reduction v/ International cooperation
(Pedal error control) « Traffic congestion reduction v Economic development

(Auto-braking)

Level 1 G *Vehicle value improvement

(Regions, roads, environments, traffic conditions, speeds, drivers, etc.)
Restricted <€ » Unrestricted

) O1I *SAE (Society of Automotive Engineers): Standardization body in the U.S. 8



hallenges on the SIP Phase Il Roadmap

SAE* . On-road communication
utomated driving leve .
between AV and surrounding

road users in “shared space” F;'_'V_aumm?t‘;‘d
_ riving society
Lovers | AN P sy~
Logistics/ 1
mobility services

Level 4 .

» Address depopulation

» Address driver shortages v Resolve societal challenaes

* Freedom of movement
Level 3 =1 Education and trammg of users

(Unmanned transport vehicles in factories) p L —— '
rivai
° » Human Factors in Iocal urban traffic
Level 2 (Golf carts)
-Traff@c accident reduction v/ International cooperation
_ (Pedal error control) « Traffic congestion reduction v Economic development
Level 1 (Auto-braking) G +Vehicle value improvement
(Regions, roads, environments, traffic conditions, speeds, drivers, etc.)
Restricted <€ » Unrestricted
cr?r T

) O1I *SAE (Society of Automotive Engineers): Standardization body in the U.S.
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Challenges in System development will increase towards Level 5
with more challenges for expanding ODD to local urban traffic.

Challenge level

A

System forn local
urban traffic , 4

Level 5

m for
vays

Level 1 Level 2 Level 3 Level4
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Challenges in System development will increase towards Level 5
with more challenges for expanding ODD to local urban traffic.

We are here Level 5
System forn local
_ urban traffic /’
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Challenges in human factors may be the largest with higher Level 2
especially for expanding ODD to local urban traffic.

We are here Level 5
+*
Human Factors
_ in local urban
°>3 traffic
<@
()
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Human
Factors on
motorways
>
Level 1 Level 2 Level 3 Level4

hallenges in System and Human Factors towards Level_5 ,
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* How can human work with the system for OEDR?

 How HMIs, education and training can help the driver to understand
system limitations and compensate for them?

Trust

Difficulty to
generate an
appropriate
mental model
Difficulty to
understand
system limitations
Difficulty to
respond for
system limitations

A

fExampIe functions

~

marker.

» System only detects
front vehicle and lane

+ Systems sometimes
loses detected objects J

mtions

« System detects vehicles,
pedestrians, lane boundaries,
traffic lights,...., but do not

detect wheel chairs.

» System rarely loses detected
\ objects.

~

J

Lower Level 2

System reliability

Higher Level 2

» More objects detected
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Human-centered Strategy

* To understand human limitations in use of the systems and clarify
requirements to the system based on the human limitations.

» To develop HMIs to support the driver to maximize his/her abilities.
* To consider education and training of users as well.

A
Demand(t)
Development of HMIs,
education and
o N training programs to
Q Driver's support the driver to
g responsibility? maximize his/her
5 ability
‘=
[
o
Development of the
_ systems based on
System functions understandings of
and limitations human limitations
()r_ -
<y SII System-centered Human-centered
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