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1. Research overview

R&D overview

Conduct operation tests on “pedestrian Accident reduction” in connection with SIP
autonomous driving systems / large-scale test demonstrations.

Conduct testing on mutual alert functionality of “vehicle-to-pedestrian communication
technologies (V2P)” and “high precision pedestrian positioning technologies / action
prediction technologies,” incorporating the technology in actual traffic environments
and demonstrating the effectiveness at lowering pedestrian accidents.

FY 2017 objective: To conduct functionality verification in a variety of settings and
determine aspects of improvement in preparation for the next fiscal year.

FY 2018 objective: To conduct demonstrations with general test-users and assess
the effect on lowering pedestrian accidents in real traffic environments,
determining issues with practical implementation.

Research
period

FY 2017 winter pre-verification and FY 2018 autumn main demonstration are the control
points of research.
Maintain close collaboration with developers and remain flexible regarding schedule.

"L Rk N

Pedestrian Accident reduction

Demonstrating the — SIP large-scale demonstration tests

effectiveness at pedestrian
Accident reduction of
“providing alert

5 issue demonstration tests that utilize
SIP research results

information” in real traffic
environments

Self-driving vehicle

. Next-generational urban traffic




Ref) Equipment for Verification

SUbJeCt/ EqUIDment pedestrian devi Device installed in
edestrian device vehidle

[Pedestrians: Pedestrian devices: 20 sets] terma antonns External antenna
Smartphones with a “hazard detection app” T o
- Monitors the location data of its own device and another
device (on-board device, etc.), calculates predicted Accident
points, and issues stages of alerts based on danger level.
- Testing performed with the devices in backpacks.

martphone On-board housing

Smartphone
On-board log

Backpack

S
GNSS device =

700 MHz device

[Drivers: On-board device: 5 sets]
Smartphones with a “hazard detection app”
- Install ITS antennas, GNSS antennas, etc.
- Power supply via the cigarette lighter socket.
- Video taken together with CAN data to monitor
vehicle behavior.

Due to the specifications of the on-board
equipment, the vehicles used are 3-
generation Prius (XW30) 2010-2015.
=If the type can’t be used, other type
would be substituted 2

B -




2 . Pre-Verification Result in FY2017

v - verify proper operation in scenarios requiring and not requiring support
(2018/2/13-15 ; Odaiba, Ariake)

Target accuracy was achieved, then phase successfully proceed to main verification

(i) Scenarios requiring support (5 scenarios) (ii) Scenarios not requiring support (5 scenarios)

Correct Operation Ratio Incorrect Operation Ratio
(# of correct operation samples/# of samples) (# of incorrect operation samples/# of samples)

(1) Pedestrian crossing of non (2) Crossing of intersections with poor (1) Inside vehicles (2) Inside buildings
intersection part visibility
- 1% 0%
(0]
(o) (o)
94% 86% (1/132) (0/118)
(231/247) (156/181)
(3) On pedestrian footbridges (4) Sidewalks

(3) Right turns at intersections (both with and (4) Left turns at intersections (both with and
without traffic signals) without traffic signals)

5%
(9/183)

6%
(6/101)

91% 949%
(178/162) (166/177)

(4) Above and below elevated structures

(240/257)




2 . Pre-Verification Result in FY2017

Scenarios requiring support : approx.90% accuracy

Scenarios not requiring support : over 95%

(i) Scenarios requiring support (ii ) Scenarios not requiring support
(5 scenarios) R (5 scenarios)
< LT

e

—

Crosswalk of non intersection part Intersection w/ Poor Visibility

]

Right Turns w/o Traffic Signal Left Turns w/o Traffic Signal




2 . Pre-Verification Result in FY2017

[Functional Problem] Share with MIC/Panasonic

[Operational Problem]

1)Improve mechanism of notifying “alert” “information provision”
in right/left turn

- Too much notification of “intersection

=Reduce frequency of support

- No notification

=Improve Accident judgement cycle, accuracy of tracking
speed

1)Flee-flow experiment is
extremely difficult (Timing is not
matched)

=Adopting safer method

2)Review threshold of speed
=Improve accuracy of tracking speed

2) Verification at high speed could
not be conducted b/c of safety
=Verification in test course

3)Improve accuracy of elevation; Reduce notification on sidewalk
=Try not to be operated improperly (Reduce of notification
frequency)

4)Bad operation of equipment by bad connection
=Improve USB connector etc.

3)Quantitative analysis under real
traffic has some problems
= Verification in test course
= Simulation implementation

5)Big & heavy equipment
=Reduce weight & size, school bag

MIC ; Request to improve system
another project “verification of V2P
system using 700MHz" by Panasonic

Main verification is
conducted in test
course(Jul.) & In
public road(Nov.)




3 .Main Verification Overview

® Evaluate the effectiveness for pedestrian Accident reduction under real
traffic, discover problems toward implementation by verification which
subjects are ordinary people

Expectation

@®Visualize and analyze location of pedestrian/vehicle
Information are provided correctly under dangerous - Visualize results by system (already developed)
situation?

- Main Verification@Analyze subjects’ behavior
modification in test course quantitively

- Main Verification@ Analyze subjects’ behavior
modification in public road qualitatively by
interviewing survey

@Compare behavior and awareness under dangerous
situation

Pedestrian, Vehicle

Scenarios with/without the information

- Evaluate effect in 2 scenarios in which number of

gér?:%ze behavior of pedestrian/vehicle in each accidents is relatively high; “crosswalk of non
Compare behavior modification with the information » intersection part”, “intersection with poor visibility” in

Main Verification®

adult, elderly) , vehicle(adult-elderly)
- Evaluate behavior modification with the information
qualitatively based on age or attribute

@Select subjects considering age and attribute

’ - Analyze results respectively; Pedestrian (child,
Compare behavior modification with the information

(®Estimate future effect ’ - Estimate future effect by simulation

X Verification in various traffic or bad weather was not conducted b/c of operation and safety v



3 .Main Verification Overview

® Evaluate the effectiveness for pedestrian
Accident reduction under real traffic, discover
problems toward implementation by verification
which subjects are ordinary people

® Is notification provided to subjects properly?

® Have subject’s behavior changed?
® Is there some difference by age?
® What is expectations and problems for

implementation in society?

.
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3 .Main Verification Overview

2 verification test

@Test Course [Quantitative Analysis]

1)Conduct experiment at high speed. Analyze
pedestrian & vehicle’s behavior modification

quantitively
1.Crosswalk of non intersection part (50km/h,30km/h)
2.Intersection with poor visibility (30km/h)

2) Acquire data to provide parameter to

experiments by METI(JARI) “Development and
Verification of Simulation to Estimate the Detail Effect of
Pedestrian Accident Reduction”(2017, JARI)

X Verify by Pedestrian
agent model using
——d parameters

i b vehicle/pedestrian with
I V2P devices

@Public Road (in Odaiba)

[Quantitative Analysis]

v Verify effect of scenarios requiring

support in public road

S e
b=t
LI,

v'Conduct interview survey

X Visualization system for V2P verification
By Nippon Koei Co., Ltd.




3 .Main Verification Result (1) Test Course

@ Test Course [Quantitative Analysis]

» Date o
7/20-22 = m
2018/7/20 - Sub Lane : 1 lane : 2.75~3.5m
- Main Lane : 300m (4 lane;250m)
- Intersection : Traffic Signal (4 lanex2 lane)

B Experimental Ite
@®Attribute of suva
flow ’

=No vehicle(pedestrian
@Attribute of subje

mCE—— L

= w/o notification by ———— e— == -~

z m Parameter
.AttrlbUte_ : @® Pedestrian : age, walking speed (free-
@ Pedestrian : Child ,Adult, flow/on crosswalk), ratio of confirmation of
Elderly (16 persons each) approaching vehicle _
@ Vehicle : Adult, EIderIy @ Vehicle : age, speed, timing of releasing

accelerator/breaking, ratio of confirmation
( 16 persons each ) of approaching vehicle



3 .Main Verification Result (1) Test Course

m Scenarios

- Demonstrate scenarios below in which vehicle is approaching pedestrian,
and monitor driver and pedestrian subjects’ behavior modification

- Pay attention to safety measures (Establishment of ethics committee)

1)Crosswalk of non intersection part (so-30km/h)  2)Intersection with poor visibility (30km/h)

Experiment was conducted considering each driver and pedestrian subject's walking speed
Child: approx. 1.2m/s, Adult: approx. 1.4m/s, Elderly: approx. 1.3m/s

: RN == a5
|10l |; i ||
AT




3 .Main Verification Result (1) Test Course

Pedestrian Verification

1)Crosswalk of non intersection part (30km/h)

2)Intersection with poor visibility (30km/h) Pedestrian Verification

Vehicle(Driver) Verification

3)Crosswalk of non intersection part (50km/h)




3 .Main Verification Result (1) Test Course

1)Crosswalk of non intersection part (30km/h) Pedestrian Verification
- Without Notification

2018/07/21 13:45:52




3 .Main Verification Result (1) Test Course

1)Crosswalk of non intersection part (30km/h) Pedestrian Verification
- With Notification

2018/07/21 12:55:12




3 .Main Verification Result (1) Test Course

2)Intersection with poor visibility (30km/h) Pedestrian Verification

- Without Notification

2018/07/22 12:31:56




3 .Main Verification Result (1) Test Course

2)Intersection with poor visibility (30km/h) Pedestrian Verification

- With Notification

2018/07/22 13:19:36




3 .Main Verification Result (1) Test Course

3)Crosswalk of non intersection part (50km/h) Vehicle(Driver) Verification

- Without Notification

2018/07/22 09:32:34




3 .Main Verification Result (1) Test Course

3)Crosswalk of non intersection part (50km/h) Vehicle(Driver) Verification
- With Notification

2018/07/22 09:58:05




3 .Main Verification Result (1) Test Course

(Reference)
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3 .Main Verification Result (1) Test Course

3)Crosswalk of non intersection part (50km/h) Vehicle(Driver) Verification
- With Notification

47 .8 kmsn




3 .Main Verification Result (1) Test Course

3)Crosswalk of non intersection part (50km/h) Vehicle(Driver) Verification
- Step on the brake with LEFT foot

Steering Angle

e 4




3 .Main Verification Result (1) Test Course

m Experiment (subject in a wheelchair) = Device is properly operated

21



3 .Main Verification Result (1) Test Course

m Pedestrian Verification Result

mw/ Notification®mw/o Notification

1)Crosswalk of non intersection part (50 - 30km/h) 2)Intersection with poor visibility (30km/h)
100 99 92 100 90 97 97 100 90 100 98 g7 100 gg 94 93 100
® 3 @3
E % 80 £ % 80 -
S e £a, 9 Gap in child
) 5§ 23 ap in chi
qg £ 40 Gap in child 3 £ 40 &pelderly
o8 20 & elderly S8 20
E § 0 e E g 0
Child Adult Elderly © Al Child Adult Elderly
Big gap in
w 100 2> 74 & o 100 the elder |77 -l
‘2 80 = 80 —
S . 60 g 60 53 50 )
o ll A
o o —
kel 20 o 20 |
S 0 : R 0 =
Child Adult Elderl Bt;?egea;dpelp Child Adult Elderly
4.3 o 3g 4.1
52 3 35 32 2.9 o€ Ee & 3530 31 %4
55585 > £555 '
g.ﬁ-gﬁz.s [ ==
£EgS58 17 5382817
o = QT = =
g 2 é 0.9 Time to behavior modification is shortened |- 5 59 309 Time to behavior modification is shortened
0.0  me ) g < € 00 —
All Child Adult Clderly All Child Adult Elderly
Time from notification to behavior modification(s) Time from notification to behavior modification (s)
Dispersion is )
Al Child Adult  Elderly|  smaller w/ All Child Adult  Elderly
notification e L.
w/ Notification 23%1.4 26%17 24*15 20=*1. /Notification  3.2+1.2 2.8+11 3.8+12 3.1£10
w/o Notification 3.2#+1.8 3.2%2.1 29+19 35+15 o Notification  3.5+1.4 3.0%16 4.1+14 34+£10

Average £ Standard Deviation

Average = Standard Deviation 22

X "Behavior modification”=confirming approaching vehicle/stopping »Record system log in both



3 .Main Verification Result (1) Test Course

B Vehicle(Driver) Verification Result

m w/ Notificationmw/o Notification

1)Crosswalk of non intersection part (50 - 30km/h)

2)Intersection with poor visibility (30km/h)

100 8 93 o 93
3\°/ 80
T ¥ 60
28 4
< 2 20
]
5 0
g All Adult Elderly
~ 6 4 Quicker response w/
2 notification
(]
§_4 . Z—
g L
O I T T T T
1.0 2.0 3.0 4.0 50 I pon't
g - Adult: Time from notification to breaking (s, brake
Differences according
6 to each individual

L

Frequency
SN

1.0 2.0 3.0 4.0 5.0 6.0 Don’t

Elderly: Time from notification to breaking(s) brake

Time from notification to breaking (s)

100 85 Q9 92 9
;\S 80
5 E e
= T 40
© 2 20
[S)
L o0
All Adult Elderly
10
8 Quicker response w/
w 6 notification
; {
O T T = T - T l—l_-_l_-_l
S (Y
brake
Adult: Time from notification to breaking (&
8 1 8( Subjects are
6 divided into
. 2 types
. Y —>
0 T . T
1.0 2.0 3.0 4.0 5.0 6.0 Don’t

Elderly: Time from notification to breaking(s) brake

Time from notification to breaking (s)

All Adult Elderly
w/ Notification 2.5+1.1 2.3%*1.0 2.7%*1.2
w/o Notification 2.5*1.3 23*x1.1 2.6x1.6

Dispersion is not so
big/differences
according to each
individual about elderly

All Adult Elderly
BHHY 3.6+12 34*12 37%1.2
BEL 43+0.8 4.4+0.7 4.2+0.38 23

Average = Standard Deviation

, Average = Standard Deviation




3 .Main Verification Result (1) Test Course

m Pedestrian

m Vehicle(Driver)

1)Crosswalk of non intersection part

> Ratio of confirming approaching vehicle “w/
notification” is higher than that of “w/o
notification” (Child, Elderly)

» Adult always confirm approaching vehicle
> Time from notification to behavior
modification is shorter “w/ notification
(Especially elderly)

2)Intersection with poor visibility

» Ratio of approaching vehicle confirmation is
higher w/ notification than that of w/o
notification (Child, Elderly)

» Adult always confirm approaching vehicle

» Ratio of stopping is higher “w/ notification”
(Elderly)

» W/ notification, time from notification to
behavior modification is shorter

» Time from notification to stopping “w/
notification” is longer than that of “w/o
notification (Decrease of walking speed could
be affected)

1)Crosswalk of non intersection part

>

>

>

>

Ratio of decelerating is higher “w/
notification”

Time from notification to breaking is
shorter “w/ notification”

Some elder people don’t apply the
brakes “w/o notification”

Ratio of breaking is higher “w/
notification”

2)Intersection with poor visibility

>

>

Time from notification to breaking is
shorter “w/ notification” (especially
adult)

» People tend to break more quickly

w/ notification

Ratio of decelerating “w/o notification” is
higher than that of “w/ notification”
(Elderly)

> (2 types of drivers)

V¥ Providing information via V2P systems is effective especially for child and elderly
¥ There are individual difference (Especially elder people)

V¥ Subjects tend to behavior more safely with notification

24




3 .Main Verification Result (2) Public Road

Evaluate and analyze results in QUALITIVE approach

v Date: Vehicle Verification (2018/11/13-14) . Pedestrian Verification (2018/11/15-17)
v Conduct interview survey during experiment in each scenario

destrian : Elderly - Adult - Child

ersons each)

hicle : Elderly - Adult
)ersons each)

Route

Vehicle Rout
== Pedestrian Route

Source(Map): Copyright(c) NTT Geospace Co. ALL Rights Reserved

e “5Road” hout e -
X Partialy regulated traffic for “5 road without sidewalk’t ‘w"th PoasgISiility S|dewalk>< b iS



3 .Main Verification Result (2) Public Road

@Public Road (in Odaiba) [Quantitative Analysis]

Experimental Item

1) Analyze driver and pedestrian subjects’ behavior modification in qualitative approach

(1) Pedestrian crossing of non (2) Crossing of intersections with poor

-Verification conducted in 5 scenarios intersection part sections visibility
requiring support @ I
@®Behavior modification w/ notification ﬂ X .
=Speed(pedestrian/vehicle)
=Video
=InterV|eW Su rvey (3) Right turns at intersections (both with and (4) Left turns at intersections (both with and

without traffic signals) without traffic signals)

@Customer needs for notification service _ﬂ & -';.-y J'

=Interview survey
> expectation
> safety/anxiety
> needs or wishes

(5) Roads without sidewalks

2 ) Analyze log data and interview survey

-log data

*VBOX(CAN logger) Conclude results of main | S
view-poll camera verification for pedestrian h
-on-vehicle camera

interview survey Accident reduction .

260




3 .Main Verification Result (2) Public Road

Contents

v Analyze driver and pedestrian subjects’ behavior in each scenario with
visualization system

v Evaluate subjects’ impression during experiments with interview survey
v Conduct after-experiment interview survey

Crosswalk of non intersection part(Elderly)



3 .Main Verification Result (2) Public Road

m Evaluation with log data and visualizing system

Video of high-place camera
can be played

A sma @mes

Visualize notification
by V2P system

BT # ' |E0MEaR
= W M »

P R

F3 7 0nm w el Lk

Show trajectory of

on-vehicle can be played)

pedestrian/vehicle (Video of

UL — Lt SBAR

i

Display graph of log
data(pedestrian speed),
CAN data(vehicle
speed/accelerator/braking)

o) i =

W |-

AT & MR

ZEHEM

T

28



3 .Main Verification Result (2) Public Road

mVideo (Elderly)

| S'ubject cofirm approaching vehicle and stop before crosswalk
after notification 29

%
==



3 .Main Verification Result (2) Public Road

mVideo (Child)

| .
One third of children don’t hear sound although device provide notification
Subject noticing notification confirm the surrounding after notification




3 .Main Verification Result (2) Public Road

mVideo (Vehicle) G 0 W = (3] 51 B ¢
1] 4 -3 (2]
Example of driver’s behavior : Visualize by system ® £ o IEME 0 BEEx . AN
B L LEied ST i Notification
_H.-s.'-‘\l._é."v = 5 FITERE Im/s timing

\ Speed

o VOO » xm : (Pedestrian)

VT OLF —F AR RBAR N\ Speed
- ' (Vehicle)

= M
&
[ ] Leats | B E
- art o Accelator
an il . a
L e | [ ] ] bt sl Imyz] ] HF i
= 3 nI I & 5|

Behavior modification with notification
are proved



3 .Main Verification Result (2) Public Road

m Interview Survey (Pedestrian : ®Crosswalk of non intersection part)

« 60% of children answered “I confirm
surroundings after notification” and “I walk in
road safely w/ notification”

+ Many subjects check the road from right to left

after notification

Was the timing of
notification good?

| think so | don't think so

Early Good Late No Notification

Could you cross the road
safely w/ notification?

Did you confirm surroundings
after notification?

100%

80%

60%

40%

20%

0%
Adult  Elderly  Child

Which direction/in what
order did you confirm?

Left oW gy Back o others

I Right ard = ward
For

(alert)
100% -
80% +— — —
) 60% +— — —
-g 40% +— — —
< 20% -
D 0% -
R All Exc. w/o
% \ notification
100% -
80% -
= 60% -
% 40% +— — —
o 20% +— — —
17 7 el I
All Exc. w/o
notification
100% -
80% -
o 60% -
c 40% +—
O
4 20% +— — —
0% e
15 0 All Exc. w/o

notification 3

2




3 .Main Verification Result (2) Public Road

m Interview Survey (Pedestrian : @Intersection with poor visibility)

* More than 60% of elderly and children
answered “I confirm surroundings after

notification”

« Around half of adult cannot hear notification
=Some problem about how to notify

Did you confirm surroundings
after notification?

Which direction/in what
order did you confirm?

100% -

80%

60%

40%

20%

0%
Adult  Elderly Child

i Left Forw Back Others
M Right €t My Mg ™

Left

2

Was the timing of
notification good?
(alert)

| think so | don't think so

Early Good Late No Notification

Could you cross the road
safely w/ notification?

100% T .
80% +— —_— —

et 60% — — —
-}
© 40% —
<
20% -
0% -
All Exc. w/o
notification
el B B
80% -
Z‘ 60% +— — —
[
% 40% +— — —
w 20% +— — —
7 -_,_-_,
0% -
11 ° All Exc. w/o
notification
100% -
80% —H
o 60% -
c 40% +—— —_— —
@)

20% +—  ——'  —

0% __-_,___\

All Exc. w/o 3 3

notification




3 .Main Verification Result (2) Public Road

m Interview Survey (Pedestrian : ®-1 Left turn w/ traffic signal)

«  60% of elderly and children answered “I
confirm surroundings after notification

« Many subjects check the road from right to left
after notification

Was the timing of
notification good?
(intersection existence

notification)

| think so | don't think so

Early Good Late No Notification

Could you cross the road
safely w/ notification?

Did you confirm surroundings
after notification?

Which direction/in what
order did you confirm?

Back Others
ward =

. Left Forw
¥ Right | ard |

100% For
80%
60%
40%

20%

0%

Adult Elderly: Child

— = -
a = |
R - =

100% -
sl I B

60% +—

e
_g 40% +— — —
A el B B
0% -
All Exc. w/o
notification
100% -
80% _:l:.:
% 60% +—— — —
% 0% +—— — —
Ll 20% +—— — —
1 o/ |
13 0% All Exc. w/o
notification
100% -
80% -
o 60% -
c 0% +— — —
@)
20% - —
0% - All Exc. w/o

notification 3

A




3 .Main Verification Result (2) Public Road

mInterview Survey (Pedestrian : @-1 Right turn w/ traffic signal)

60% of elderly and children answered “I
confirm surroundings after notification” and
“I walk in road safely w/ notification”

Many subjects check the road from right to left
after notification, regardless of vehicle

approaching direction

=Some problem about direction notification

Did you confirm surroundings
after notification?

Which direction/in what
order did you confirm?

100%

80%

60%

40%

20%

O% T T 1
Adult Elderly Child

M Right

Forw Back
ard u ward

Left m

Was the timing of
notification good?
(intersection existence

| think so | don't think so

No Notification

Early Good Late

Could you cross the road
safely w/ notification?

notification)
100%
7 6 80% +— —— —
2
. 1 : 60% +— — —
=) 0
L) 40% +— —— —
< 20% +— —— —
0% . s
22 ? All Exc. w/o
notification
1 100% -
4
5 10 80% -
= 60% -
3 40% -
T 4
L 20% +— — —
21 0% : ,
All Exc. w/o
notification
100% -
ey - 80% -
S 15 60% -
= 40% -
@)
14 20% +— — —
6 0% L y \
All Xc. w/o
5 notification 35




3 .Main Verification Result (2) Public Road

60% of children answered “I confirm

surroundings after notification” and “I walk in

road safely w/ notification”

Did you confirm
surroundings after
notification?

100% -

m Interview Survey (Pedestrian : ®-2 Left turn w/o traffic signal)

Was the timing of
notification good?
(intersection existence

notification)

| think so | don't think so

Early Good Late No Notification

Could you cross the road
safely w/ notification?

Which direction/in what
order did you confirm?

Left oW gy Back o others

I Right ard = ward

Fo

100% —ﬁ
80% +— — —
et 60% +— —_— —
-]
'<OE 40% +— — —
20% -
0% - All Exc. w/o
' notification
100% -
80% _H
> 60% -
.
3 40% +— o
w X 20% +— — —
5
8 0,
0% All Exc. w/o
notification
100% -
80% -
o 60% -
5 40% -

20% -

0% -
All Exc. w/o 3
notification

Q)




3 .Main Verification Result (2) Public Road

m Interview Survey (Pedestrian : @-2 Right turn w/o traffic signal)

*+  60% of subjects in all age answered “I
confirm surroundings after notification”
+ 60% of children answered “I walk in road

safely w/ notification”

+ Some problem about direction notification

Did you confirm
surroundings after
notification?

Adult  Elderly  Child

Which direction/in what
order did you confirm?

i Left Forw Back Others
M Right €t My Mg ™

2

Fo,

Was the timing of
notification good?
(intersection existence

notification)

| think so | don't think so

Early Good Late No Notification

Could you cross the road
safely w/ notification?

RETE W

80% +— — —
+ 60% +— — —
-g 40% +— — —
< 10 20% -

16 0%
All Exc. w/o
notification

100% -

80% _:.:.:
> 60% +—— — —
El_) 40% +— — —
E 20% +—— — —

0% L

All Exc. w/o
notification
100% -
80% -
o 60% -
c 40% -
@)

20% -
0% -

All Exc. w/o ]
notification 3 7




3 .Main Verification Result (2) Public Road

m Interview Survey (Pedestrian : ®Road without sidewalk)

70% of subjects in all age answered “I

confirm surroundings after notification”

safely w/ notification”

80% of children answered “I walk in road

Did you confirm
surroundings after
notification?

100%

80%

60%

40%

20%

0%
Adult  Elderly  Child

Which direction/in what
order did you confirm?
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Was the timing of
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3 .Main Verification Result (2) Public Road

| think
m Interview Survey (Pedestrian: after experiments XParents answered(Child) ‘e

arly  Good

« Notification is more effective in “intersection with poor visibil%ty", "
turn w/ traffic signal”, “Road without sidewalk”

| don't think so

Late No Notification

right

« People prefer installing app than carrying special device b/c it's easy to use

IN which scenario was notification most effective? *Multiple Answer allowed

Adult Elderly Child
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10 15 20 25

Crosswalk of uninterrupted...
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If the device was sold,
would you want to
buy it?
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If you could rent the
device, would you want
to use it?
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[1f the device was provided as app,
would you want to download it on
your smartphone?
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3 .Main Verification Result (2) Public Road

m Interview Survey (Pedestrian ; Child(Boy))

« With notification, more subjects pay attention to the surrounding more than usual
=Notification can contribute to improve safety especially for boy in elementary school, who is

most likely victim in traffic accidents
@Intersection with poor of

5 B
m—

Do you think are you a

Did you confirm
surroundings after

@Road withe

Do you think are you a
careful person?

Did you confirm
surroundings after
notification?

careful person? notification?
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< 3

10 14
~
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29
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Boy (under 9)




3 .Main Verification Result (2) Public Road

m Interview Survey (Driver : ®Crosswalk of non intersection part)

« More than 60% of subjects answered “I drive safely w/

notification”

« More than 60% of subjects check the road from right to left after

notification

Did you confirm
surroundings after
notification?

Which direction/in what
order did you confirm?
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0% T .
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| think so | don't think so
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3 .Main Verification Result (2) Public Road

m Interview Survey (Driver : @ R&EUS)

« More than 60% of subjects check left side first after notification
* More than half of subjects answered “I drive safely w/
notification”

Did you confirm
surroundings after
notification?

Which direction/in what
order did you confirm?
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3 .Main Verification Result (2) Public Road

m Interview Survey (Driver : 3-1 Left turn w/ traffic signal )

« More than 60% of subjects check from forward to left side after

notification

« More than half of subjects answered “I drive safely w/ notification”

Did you confirm
surroundings after
notification?

Which direction/in what
order did you confirm?
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Was the timing of
notification good?
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3 .Main Verification Result (2) Public Road

| think so | don't think so

m Interview Survey (Driver: @-1 Right turn w/ traffic signal ) Il B B

Early Good Late No Notification

« More than 60% of subjects check from forward to left side after
notification
« More than half of subjects answered “I drive safely w/ notification”

. X 5 5 - Was the timing of Could you cross the road
Did you confirm Which direction/in what notification good? safely w/ notification?
surroundings after order did you confirm? (intersection existence
notification? notification)
100% M Right 7 Left -F:rr(‘j” m 32% [ Others
0
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3 .Main Verification Result (2) Public Road

| think so | don't think so

m Interview Survey (Driver: (3-2 Left turn w/o traffic signal ) Il B B

Early Good Late No Notification

« In intersection w/o traffic signal, ratio of answer “I drive safely w/
notification” is higher in left turn than in right turn

. X Was the timing of
Did you confirm Which direction/in what notification good? Could you cross the road
surroundings after order did you confirm? (intersection existence safely w/ notification?
notification? notification)
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3 .Main Verification Result (2) Public Road

mInterview Survey (Driver : @-2 Right turn w/o traffic signal )

« In intersection w/o traffic signal, ratio of answer “I drive safely w/
notification” is higher in left turn than in right turn

Did you confirm
surroundings after
notification?

Which direction/in what
order did you confirm?
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3 .Main Verification Result (2) Public Road

m Interview Survey (Driver : ®Road without sidewalk)

« More than 60% of subjects answered “I confirm surroundings
after notification” and “I drive safely w/ notification”

Did you confirm
surroundings after
notification?

Which direction/in what
order did you confirm?
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Was the timing of
notification good?

| think so | don't think so

Early Good Late No Notification

Could you cross the road
safely w/ notification?

(alert)
00
2
s
S5 6 3
o
<
14
0

- . 3
- 3
Q
S
T 9

47



3 .Main Verification Result (2) Public Road

m Interview Survey (Pedestrian)

« Various opinions about implementation of notification service are received

v Acceptability of Service

-It could be effective especially in bad weather, night time, and backlight.
-It could be also applied in Bicycle to Vehicle (B2V) , or Bicycle to Pedestrian (B2P)

service.
-I'd like to use it when I drive in area I visit for the first time or for long hours.

-I'd like my children and parents to have this device. (Adult)
-I think vehicle needs this device b/c it would be assaulter.

vConsumer Demand

-I would buy the device for less than 10,000 yen. I want to buy it more with insurance or some

other services.
-If the system implemented as an app in smartphone, it would become popular as safety
service.
-I want my children to carry this device like an personal alarm or mobile phone for child.
- It would be better for vehicle to have the device as standard equipment or optional

service.
= People would buy device as additional service, rather than as itself

vComments from parents

-Boy are always carelessness and may not hear notification. It wouldn’t be effective for them.

-Electric sound would be better than voice (for children).

-Mother’s voice would be more effective for children to notice them danger. (Especially
mother’s anger and loud voice)



3 .Main Verification Result (2) Public Road

Summary

v Behavior Modification

-Both pedestrian and driver behavior modification with notification was verified

-However, some pedestrian subjects cannot hear notification b/c of surrounding noisy
sound or lack of concentration(Child, Elderly)
=»Need to change how to notify--- Vibration notification

-Some behavior were seen supporting these impression; notification is too late or
approaching direction also should be notified
ex. Some subjects confirm left side when vehicle approaching from right, behave as usual
b/c notification is too late etc.
=»Need to improve notification timing and sound volume

-Approx. 60% of subjects had behavior modification with notification in all scenario and
all age

v Evaluation Based on Interview Survey

-Acceptability of V2P systems were verified«Condition for implementation>»
X:Driver : Acceptable as additional service such as onboard device or discount of insurance
X Pedestrian : Acceptable as additional function of carrying device such as smartphone or
personal alarm

-Problems of current device were revealed«Problem for implementation>
*Needs for notification timing, how to notify, notification of approaching direction, portability
etc.

=There are big expectation for implementation based on
problems and evaluation above 49




4 .Future Plan (Summary)

Achievement

Effectiveness of “V2P communication system” and “pedestrian high-
accuracy positioning and behavior predicting technology” were proved
through verifications about “pedestrian Accident reduction”

» Verifying mutual alerting system applying “V2P communication
system” and “pedestrian high-accuracy positioning and
behavior predicting technology” under real traffic world,
expectation and problems for implementation in society were
revealed (FY2017)

> Effectiveness of V2P system for pedestrian Accident reduction
under real traffic were verified. The systems got good
evaluation from general people and needs and problems for
implementation were also revealed (FY2018)

Future

-

We expected this achievement would be considered not only for
developing automated driving system, but also for field below, in order
to reduce risk of traffic accident
» Application for safe driving of automated driving vehicle
» Application for supporting pedestrian safety

Pedestrian : carrying devices, wearable service

Vehicle : additional value of service for R2V, V2V

Others : Application on bicycle, senior car etc.
> Application in educational /welfare field (safety education etc.)p




