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Hazard-anticipatory Driving Support




Hazard-anticipatory Driving Support

Lane Departure Prevention/
Lane Centering Control

10s Normal Driving Support

/Workload reduction

U

Practical realization

5s

_ - Hazard-anticipatory Driving Support
Risk predictive ;) stent-risk avoidance

driving
U

Not established technology

1s

Autonomous Emergency Brake

Emergency Support
/|Collision avoidance

U

Accident !! Practical realization

10 ms

Electronic Stability Control




Hazard-anticipatory Driving Support

Contents lists available at ScienceDirect

Transportation Research Part F

S\ [ journal homepage: www.elsevier.com/locate/trf

Effects of a driver assistance system with foresighted
deceleration control on the driving performance of elderly and &
younger drivers

Yuichi Saito ***, Ryoma Yoshimi ”, Shinichi Kume ”, Masahiro Imai ", Akito Yamasaki ‘,
Takuma Ito, Shintaro Inoue®, Tsukasa Shimizu ', Masao Nagai ¥, Hideo Inoue ",
Pongsathorn Raksincharoensak "

IELE TRANSACTIONS ON INTELLIGENT TRANSPORTATION SYSTEMS

Effectiveness of a Driver Assistance System With
Deceleration Control and Brake Hold Functions in
Stop Sign Intersection Scenarios

Yuichi Saito™, Member, IEEE, Ryoma Yoshimi, Shinichi Kume, Xun Shen™', Member, IEEE, Akito Yamasaki,

Ryosuke Matsumi, Takuma Ito, Member, IEEE, Toshiki Kinoshita, Shintaro Inoue, Tsukasa Shimizu,
Masao Nagai, Hideo Inoue, and Pongsathorn Raksincharoensak
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Safety cushion

® Aggressive driver
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Conflict surface
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Near-Miss Incident Data
NS —K: BEgHE (F{)

 HulvE (- RERD
- SEEEEORICERNHLHER
o WHBITD1EHRER
« TEETSEDTVMRBRER
- BIHEROEEFEL
« SAREEDHTA
« FEITEGL
5N, BRDOKZF

ID: 547789 TOKYO UNIVERSITY OF AGRI. AND TECH.
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Near-Miss Incident Data

NY—k~: BERE(EESH)
- EEH
- SEEEEOHICERNHLHER
o WABITD1EHRER
« TEETSEDTVMRBRER
- BIE, ETEMW, AOFEIXEL
« FEITEIGL
51, BIDFZIH

ID: 646120 TOKYO UNIVERSITY OF AGRI. AND TECH.
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Data-Driven Approach

Model-driven risk management

Obiect Hazardous

Ie situation » Risk prediction » Risk control
sensing . P

identification
Data-driven resilience management
Contfaxt Risk control
sensing
V =g(x)

X = RREFHHEDOTLHBFHMOES



Data-Driven Approach

Event data identified
as high-risk level

‘ Safety performance

Near-miss Event dataset
incident database

Generalization
performance

Data extraction

 Behavioral variables

« Environmental variables :I.I .
I . . Construction of
—>I Regression analysis —

prediction model

> |

Event data identified < Objective variable: speed
as low-risk level « Explanatory variables: annotations
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Data-Driven Approach

R E ) KRR D1+ 5 XAk
Driver Model V =8, + By x, + €
p=1
f~ Context Approach
LSuccess sensing speed — .
HESLEE
[~ — — Context Approach
aliure sensin speed '

“ ~ ’ i Risky =R &




Recommended Speed
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Recommended Speed
INY—F: BERE (F#)

o HulME (- RERD
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o WHBITD1EHRER

« TEETSEDTVMRBRER

ID: 547789 TOKYO UNIVERSITY OF AGRI. AND TECH. e EITHEMOEEIZIEL
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Recommended Speed
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Recommended Speed

Accident Asalysts and Prevention 163 (2021) 106447

Contents lists available at S¢ oo Direc X
Accident Analysis and Prevention
ELSEVIER journal homepage: www elsevier.comiocate/sap —
L))

A context-aware driver model for determining recommended speed in blind ==
intersection situations

Yuichi Saito ™', Fumio Sugaya ", Shintaro Inoue °, Pongsathorn Raksincharoensak °,
Hideo Inoue "

* Ursversity of Tidoaba, 1-1-1 Temoudal, Thdodbe 3058573, Beroki, Jopar

* Toyoes Motor Corporstion, 1200 Mishakn, Saono 410-1103, Shimoks, Jopen

* Tokye Univerdly of Agrnicsdawe and Technology, 22416 Notomachl, Kogamel 1848588, Tokyo, Jopan
* Kenagawe Sutiaste of Technology, 1030 Shimooging, Atugl MI0292 Kanopoes, Japen
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Future works on safety cushion

D T—20Y—RIZET HERE V =g(x)

@ BRVRVEGIVRIDFEEBT—3ybMIn BT 58 EMNAEICET HRE

@ TANHEHHETHIREBESR () PHEEMFEEETIVICET SRE

@ BERAL—OHLRRICEET SR E

© #ER

E Al R1E 9 SHMIICRE 9 53R RE

® AIDREICHITHADRE, 58, THERICET DRE

@D KRR —2avIEbL e AT 53R RE

27



Decision-Making on Speed Management

consttution |
feature
T
{LUCKY
SN | e | CAPABILITY < TASK DEMANDS |
training KA T R
o lL expenence ‘ ’ C<D
o T ompensatory |
2 : acton by
competence {q others s
g ) . i, .
‘\h‘ i CAERRAANNNNSSSS i
uman o | COLLISION
e S o e s AT |
I R SRS
| CAPABILITY > TASK DEMANDS | oo
ronment
{  CONTROL & trajectory woad i Other
: o users

| X-L‘-.I- FLT‘ ﬂ- ﬁE | human factors

Fig. 2. The task-capability interface model.

Ray Fuller, Towards a general theory of driver behaviour, Accident Analysis & Prevention
Volume 37, Issue 3, Pages 461-472, May 2005. o8
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Skills, rules, and knowledge

GOALS
knowledge-based ‘ T T ¢ '
behaviour IDENT}- DECISION of
‘ "| FcATON | ®  TAsk PLANNING l |
s;fmbols
rule-based . y ‘
behaviour ASSOCIATION STORED RULES
» RECOGNITION |» oraTe /TASK FOR TASKS
signs
| 4
skill-based . P ren
behaviour OMA
ngﬁ,t’,’g,‘ signals » SENSORFMOTOR
PATTERNS
A I
 J
selsggsv ACTIONS

Rasmussen J (1983) Skills, rules, and knowledge; signals, signs and symbols, and other distinctions in human
performance models. IEEE Transactions on Systems, Man, and Cybernetics 13(3): 257-66
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Drive Recorder (DR)
P BN
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-10 sec 0 sec

Drive Recorder Data

When Acceleration exceeds -0.45G, driving data are
recorded in 10 sec before trigger and 5 sec after trigger.

Recorded
incident data

Video.data

Sensor data
N

Annotations

1

Database

ESuccessj E Failure j

Drivers could successfully  Drivers could not successfully
handle the situation. handle the situationz 4




Y2019-2020, B4 Kochi

3 OPEN ACCESS | Shosh b pctones

Influence of road environmental elements on pedestrian and cyclist road
crossing behaviour

Yuichi Saito ©?, Fuma Kochi®, Makoto Itoh?, Takesato Fushima®, Takashi Sugano© and Yasunori Yamamoto®

*Faculty of Engineering, Information and Systems, University of Tsukuba, Tsukuba, Japan; "Master’s Program in Risk and Resilience
Engineering, University of Tsukuba, Tsukuba, Japan; “Mazda Motor Corporation, Hiroshima, Japan

Table 5. Number of data in analysis and
validation.

'VPedvestrién 7Cyclist
Analysis 200 200
Validation 50 50

Table 7. Results of Logistic regression analysis.

Partial

regression

coefficient S.E.  P-value OR (95% Cl)
URBUN —0.52 0.26 0.051  0.59(0.34-1.00)
ONE WAY -4,10 072 <0.001 0.01(0.01-0.06)
BOTH WAY -3.63 062 <0.001 0.02(0.01-0.08)
SIDE 1 1.21 0.45 0.007 3.36(1.38-8.15)
SIDE 2 0.90 0.36 0.013 2.46(1.20-5.05)
SIDE3 0.88 0.39 0.026 2.41(1.10-5.26)
2- or 3-FORKED ROAD 1.31 034 <0.001 3.72(1.91-7.27)
4- or 5-FORKED ROAD 1.01 030 <0.,001 2.77(1.51-5.07)
1 LANE 0.59 0.28 0.036 1.82(1.03-3.19)
WITH CROSSWALK 1.10 032 <0.001 3.01(1.60-5.67)
MID PED -1.25 035 <0.001 0.28(0.14-0.57)
W/O LEADING VEHICLE —0.93 033 0.004 0.39(0.20-0.74)
SUNNY 1.94 047 <0.001 6.97(2.72-17.8)
TIME16-20 0.88 0.28 0.001 2.43(1.39-4.24)

Note: We set alpha levels at p < .05 for interpreting significant results.

Table 8. Four possible outcomes.

Model's judgment
“Pedestrian
initiates a “Cyclist initiates a
road-crossing” road-crossing”
True state Pedestrian initiates 36 14
aroad-crossing
Cyclist initiates a 19 3

road-crossing

32



Y2012-Y2015

Dua Istance
The human must be iIn command

A 4

When the system implements first stage control repeatedly
- The system advances to take a break

—= —
b

~a Demne

.......

When the system implements second-stage control repeatedly

Trading of control

The system implements a deceleration and LCS control
to slowly stop the vehicle.
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Y2012-Y2015
Dual Control Theoretic Driver Assistance

Falling in a doze Falling asleep at the wheel

BRER AN BRI AGE & A BRER R BHAGE B

We have obtained a consent for publishing the video. We have obtained a consent for publishing the video.
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Y2019-
Dual Control Theoretic Driver Assistance:

IEEE TRANSACTIONS ON HUMAN MACHINE SYSTEMS, VOL._ 44, NO._ S, OCTOBER 2016

Driver Assistance System With a Dual Control

Y2016 Scheme: Effectiveness of Identifying Driver
Drowsiness and Preventing Lane Departure Accidents
Yuichi Saito, Member, IEEE, Makoto Itoh, Member, IEEE, and Toshiyuki Inagaki, Senior Member, IEEE
Bringing a Vehicle to a Controlled Stop:
y Effectiveness of a Dual-Control Scheme for
2021

Identifying Driver Drowsiness and Preventing Lane
Departures Under Partial Driving Automation
Requiring Hands-on-Wheel

Yuichi Saito ™, Member, IEEE, Makoto Itoh ©', Member, IEEE, and Toshiyuki Inagaki ', Senior Member, IEEE 35



Y2019-
Dual Control Theoretic Driver Assistance:
Hands off Wheel

(1) When the system detects a new object and/or event, it executes the action to cope with the given
situation after telling the driver what it is going to do via a visual feedback; then, the system monitor
the driver’s response (i.e., pressing a button) to the feedback.

Feedback on OEDR When a new object and/or event is detected

- The system gives the driver what it is going to do via a visual/auditory feedback.
- The system creates the opportunity of Human-Machine Interaction, and

monitors the driver’s reactive behavior.

Safety control When the driver’s response is not detected

- The system implements a FMS to bring the vehicle to a controlled stop. 35



Y2021 -
Dual Control Theoretic Driver Assistance

2nd stage control :

RATLDHEIZE DT, BEEENDcEEE
LARNIL2(NDBEESZEAFTLIHE) hSLARNIILA(ANDEENLGZWN) ABITSEDS

ST YR -IX—IN—DTHF A
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Minimal Risk Maneuvers, Y2020-2021
B4 Ichinose .'(t-.lni

FAST-zero "2
20219057

To Explore driver's behavioral adaptations in providing information about
minimal risk maneuver under conditional driving automation

Yusaku Ichinose ¥ Huiping Zhou ¥  Yuichi Saito ¥ Makoto Itoh

1) Masser's Program in Risk and Resilience Engineering, University of Faekuba
I-1-1 Tenmowdai, Tswhkuba, Ibareki, 305-8573, Japan (E-mall: ichinore(lices rizk teukaba ac jp)
2) Facwlty of Engineering, Information and Systems, University of Tsukuba
1-1-1 Tenmoudai, Txehuba, areki, 305-8573, Japan

With MRM info. With MRM info. With MRM info. Without MRM info.




Driving quality enhancement based

on safety technologies

The History of the Automobile

Tomorrow
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, >
Around 1900 Today o
___________________ > (4) Automated driving
« ACC + LKS
From horse-drawn carriages to automobiles * Stop and go
« Auto lane change,
(3) Avoidance etc.
« Rear-end collision
Horse power has improved significantly avoidance
« Pedestrian :
: Technology for automating
(2) Mitigation protection, €tC. ¢, ctions that were previously
* Airbag handled by humans has improved,
« Seatbelt
(1) Ergonomics * Body structure But interaction and communication
* instruments technologies are lacking
« switches, and
 Operating
devices >
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Cooperative Guidance Control, Y2021 B4 Tanaka

40



Communication

Performance/feedback

. Information . . - . Action
Machine L—[ acquisition H Information analysis ]—»[ Decision making ]—»[ implementation
A

[ g P Opportunity of interaction and communication
Yes/no Yes/no Yes/no Yes/no
Human st | ez, [ s | o veconmatins |- i
Performance/feedback
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L3 AV with Communications, Y2020 B4 Watahiki

Contents lists available at SclenceDirect

& Transportation Research Part F:

e :
1 Psychology and Behaviour
ELSEVIER journal homepage: www.elseviar comilocatatrf

Effect of verbal messages with reminders to communicate driving
situations to alter driver behavior in conditional
driving automation

Yuichi Saito , Yuta Watahiki, Chokiu Leung, Huiping Zhou, Makoto Itoh

Event 1 Event 2 Event 3 Event 4 Event 5 Event 6

5 e | 7
e Z
¥ 2
¥ 1 i .“., =
L v A 7
| )

Message with reminder : To¥> 9230 HYFET -+ -3FE---FEZRLFEL=D
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L3 AV with Communications, Y2020 B4 Watahiki

No messages: ...
Message without reminder: “It is foggy outside.”

Message with reminder: “It is foggy outside ...3-s interval...
Did you confirm it?”

Table 9
Descriptive statistical values for driver response in take-over situation,
Monitoring Monktoring Perception Recognition & Takoover Sud. A,
before foggy (5] during foggy (5] is) decision making (s) time [s) (m/s*)
No messages “ 4l 9 18 1.3 an 0.33
sD (4.0) . (0.8) 0.9 (0.6) (0.26)
Messages w/o reminderns L | TA 53 1l 31 4.2 0.33
sbD (59 (3.4) (0.8) 22) (2.0) (0.19)
Messages with reminders M 104 52 13 4.0 53 0.2%
sD (5%) (.5) (1.1) (24) (.3 (0.16)

Note: The sum of times pertaining to perception and recognition & decision-making denotes the Takeover time.
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Shared Control in Automobile

Shared control in automobile

Dynamics
_ Additional
N AL force
(Strength of haptic feedback) guide
vy IR
———— Am O
Eﬁﬁﬁ Td ¥, (RTTY /7)
Tsat
TRADING CD: _
human o4 Dynamics
!C controlled T /
r procee. stiff
= | P ———
, Additional (level of haptic authority) |
SHARING e - stiffness / IBiEER
0Cess - o
’<'°°"“’“'°’ e _| YR O1§#E (TTC, THW) [ZETSIBIEWERDHHETE

“igure 3.5 Trading and sharing.
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Y2017 Haptic One Pedal

Cognition, Technology & Work
htps//dolorg/10.1007/510111-019-00558-3
'ORIGINAL ARTICLE ’ ®
Chwmch Sor
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Effect of risk-predictive haptic guidance in one-pedal driving mode

Y. Saito' O - P. Raksincharoensak®
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Human-Machine Systems Design

Hazard-anticipatory Intervention Support in Blind Intersections
Data-Driven Approach to Determine Recommended Speed

Dual Control Approach to Attain Both Vehicle Safety and Driver Monitoring
Monitoring Requests/ Communication in L3 Automated Vehicle
Cooperative Guidance Control in Stop Sign and Signal Intersections

Levels of automation
V3

Haptic One Pedal Interface in Manual Driving Levels of interaction

Haptic Interface/ Shared Control for Human-Al Collaboration /

Levels of intelligence (Al)

Visual Interface to Support Decision Making Based on Data-Driven Approacp/
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Deep Learning-based Model For Post—disaster Road Urban and Spatial Science Research Laboratory

Condition Detection Ana Evacuation Route Decision Support T 2o R AR A R =

Tsujimoto Eda

Traln Loss

The aim of this study Is to address the challenges
related to transportation of disaster victims and aid,
search and rescue teams to safe zones and relevant
points In the aftermath of a disaster. This study
plans to estimate road conditions caused by various
factors, such as road collapse, floods, landslides,
traffic congestion, and obstacles on the road, to
simulate the safest and shortest road routes for
post-disaster transportation.
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IREEIEZ D | 4.61 1.45 467 1.48 4.62 1.48 4.65 1.44 455 153 453 1.49 212 0.06
EAD 443 1.48 458 1.48 451 1.46 4.47 1.47 4.40 1.52 4.33 1.53| 5.24] <.001**
B RERLY 3.63 1.66 3.56 1.70 3.54 1.65 3.53 1.65 3.06 1.56 3.63 1.67| 25.54] <.001*

BAEMER *p<0.01
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