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Results overview: Traffic environmental information delivery FOTs (V2N)

® In order to address the issues involved in utilizing information delivered via V2N, we created a testing environment envisioned for social
deployment in the Tokyo Waterfront City. We then conducted tests of delivery of traffic environmental information (dynamic, semi-dynamic, and
semi-static information).

® \We maintained the previous year's testing structure, and there were a total of 22 participants, including foreign and domestic automotive
manufacturers, universities, and venture companies.

Advantages of using V2N Potential Issues involved in using V2N Issues and response measures identified through FOTs
Enables the delivery of information for Information is transmitted via multiple There are clear deviations in transmission delay times V2N FOT activity themes
individual area units using a wide area servers, resulting in information for different delivery methods (Period: Nov. 2021 to Feb. 2022)
public network processing and transmission delays :Select the method used to deliver information based
on the type of information to be used (DM dynamic, O  Clarify issues and verify their effectiveness in
semi-dynamic, and semi-static information) preparation for development of V2N information
Makes it easy to expand the Need to develop systems and functions for | The FOTs working group must deliberate in order for provision systems, their practical
information that can be utilized and utilizing (selecting) necessary information necessary information to be used (cooperative area) implementation, and their deployment in
applied to include long-range ;
‘ - X society
information, information from other
organizations, etc. O  Confirm the effectiveness of provided
Connected cars with V2N connectivity Requires the preparation of servers with Vehicle-side processing capabilities must also be information
functions are becoming more sufficient performance capabilities and taken into consideration with respect to information
widespread transmission capacities for handling types, the amount of information to be delivered, etc.
service scale expansion (results must be shared with related organizations)
(" 1) : \
Data Linkage a?‘féor';t]-é 3{:19: 4
aggs';_:‘erglggon B del'v_ery 1 range area . GNSS Dynamic map viewer
— fl:nft'on = server (V21 device) - (real-time dilspI:y ?(r;d log data
Inkage an X pay acl
f ; i conversion of traffic PUSH
Rainfall information envionmenal | PULL l—‘
‘?wr}go?wrrgsclgrnag; Test vehicle Automated driving and drive
Lane-specific road traffic maps LTE_) » | Mobile router z on-board assistance system
information equipment (prepared by test participants) Dvnamic
e om N fy ti
. lah- information
(Mock) emergency vehicle ac':'j’rgc &
location information map y a0 . ‘
.&** # Semi-dynamic
Traffic signal prediction Semi-static information |
information information y &
\. Data generation and aggregation™ \— Data managementand _/ \.___ Data conversion and output to vehicle control _
. v loa
delivery (test vehicle-side) information

*1:Handled by "Examination and Evaluation of Automated Driving Control Technologies that Use Lane-specific Probes, etc." contractors,.,. icM DM
*2:Handled by "Research and Development on the Collection, Integration, and Delivery of Short-range and Medium-range Information” c&rtr@é’lja%mc ap (DM)



Results overview: PUSH and PULL delivery

® \We created and tested PUSH and PULL methods for processing information, minimizing transmission
delays, and utilizing (selecting) necessary information

PUSH method PULL method

aformation is Stored in server
in chronological order

808

Short-range and
medium-range area
server

Short-range and
medium-range area
server

A A A A A 4 A A A
Vehicle location is Provided when an event Vehicle indicates Acquired periodically,
regularly uploaded Jj PUSH occurs, based on the area number PULL based on the vehicle's
A vehicle's location location (vehicle-side)
A (upper-level server-side)

Mock emergency vehicle Traffic. §ig|jal PrediFtion information Lane-specific road Rainfall information / traffic signal
location information (Specified intersection: every update, traffic information prediction information
(two second intervals) Specified distance: one second intervals) (1 minute intervals) (5 minute intervals) _ (1 min_utgirltelrvals)

7 /*1 A \ / : | [ ———— 1 : 1
300 m [ \ : : = | ! | G !
. I |
\ / Specified intersection 1 km™| | 1 : " 1 I
N R4 PUSH ! I Too s I .
== (information is acquired for Rl e Designated area: Y QRN S,
aspeci ied intersections) (Ahead of vehicle Designated area
on highway) (mesh segment)

Envisioned as using Europe's ADASISv3

specifications 2



Results overview: PUSH and PULL delivery
® PUSH and PULL transactions

Specified distance PUSH method: PULL method:
Aggregation server Distribution server On-board equipment Aggregation server Distribution server On-board equipment
I\ > = . Request
> > Delay time ( Y >
CJ \;D} —/ [-----——------ - KD]' Delay time
; (
C) > ’:D} Delay time C) > 1 minute interval
One s?cond interve&[~ Delay time
_ Maximum delay time of slightly inlalnielelelelietelelelelelelely G )
" over 1 second >
gl The most recent information is sent in response to
requests issued once per minute.

Maximum delay time of slightly over 1 minute

Specified intersection PUSH method:

O Specified distance PUSH method: Unless the traffic signal prediction

Aggregation server Distribution server On-board equipment
— . Designates the intersection for information is updated, the same information is sent in 1 second
C >, >| which in_or_rrlaEitzn_ifP(ie_dfd_K )} Delay time intervals and output on the on-board equipment side in 100 ms
\q intervals
C) > /\ GD} Delay time O PULL method: The timing of requests from on-board equipment and
information collection intervals are not coordinated (they are
asynchronous), so in the current system there are delays of over 1
minute
\ O Specified intersection PUSH method: traffic signal prediction
Information is then delivered whenever When the first request is received, information is only provided when there are updates, and the vehicle
there are updates the most recent information as of . . . . ’
Average delay time of roughly 100 ms that time is sent side outputs received data in 100 ms intervals




Results overview: Information delivered via V2N, verification items, and results

® Delivered four types of information: rainfall information, lane-specific road traffic information, mock

emergency vehicle location information, and traffic signal prediction information

Delivered information

Envisioned UC

Rainfall information

= X

® Make decisions regarding
automated driving during
poor weather and issue
TORs sufficiently in
advance

Activities carried out as part of V2N FOT themes

@ Information generation and
provision specifications
(coordinated with other SIP
initiatives)

Lane-specific road traffic
information
(Caution information)

i

® There are restrictions on
driving using vehicle-
mounted sensors alone
and limits to the distance
at which vehicle-mounted
sensors can detect
obstacles, so infrastructure
look-ahead information
must also be provided

@ Information delivery
architecture (SIP FOT
specifications)

Mock emergency vehicle
location information

® Appropriate response
when an emergency
vehicle approaches during
automated driving®
(stopping, pulling off onto
the shoulder, TOR*, etc.)

@ Information delivery
interfaces/message sets
(SIP FOT specifications)

@ Transmission methods used to

deliver information
(SIP FOT specifications)

Traffic signal prediction
information (V2N)

® Confirm achievement of
reliable signal recognition

® Confirm usage methods
and effectiveness of
prediction information
delivered via V2N
communications

*TOR: Take Over Request

—_

In preparation for the
development of V2N information
provision systems, their practical
implementation, and their
deployment in society,
proposals were developed for D
through @), they were deployed
within an FOTs environment,
measures were implemented to
address issues, and the results
of those measures were verified

Test data analysis results and feedback from test participants confirmed the
effectiveness of the information delivered via V2N. They were also used to
identify future issues that need to be addressed.




Results overview: Results for individual types of delivered information

(1) Rainfall information

st Rainfall infqrmation_generated by the Japan
e Meteorological Business Support Center

(generated every 5 minutes)

method

® Waterfront City area

® Expressway routes connecting Haneda Airport and
the Waterfront City area, etc.

FOTSs area N Shin-Tomei Expressway Shimizu Ihara Interchange

to Tsukuba JARI

(Using wide area map data created in SIP Phase

One)

V2N issue countermeasures and results FY2021 results
® The PULL method, in which map mesh segments are selected, ® Participants verified that map mesh
was used to select short- and medium-range information for segments could be selected to choose
Application necessary areas the information they needed to have
evaluation ® Every 5 minutes, 30 minute forecast information was delivered delivered
® There were delivery delays of up to 3 minutes ® Because the information is predictive,

the impact of delivery delays is
expected to be minor

® We confirmed the future intent of participants to use the information in driving assistance and vehicle
control to make decisions regarding issuing TORs during inclement weather

® |n addition to rainfall information, participants requested information regarding flooding, snowfall, icing, wind
speeds, fog, earthquakes, tsunamis, etc.

® [nstead of limiting delivered information based on the vehicle's current position, participants pointed out use cases
for selecting and using information for other required locations and road sections (such as distant destinations,
etc.)

Evaluation of
information
through
questionnaires




Results overview: Results for individual types of delivered information

(2) Lane-specific road traffic information

Tftsrmittan C Lane-specific road t.rafﬁc information generated
e through another project

(generated every 1 minute)

: ® PULL method
Delivery
method

® Expressway routes connecting Haneda Airport
and the Waterfront City area, etc. (Haneda
Route/Bayshore Route)

FOTs area

V2N issue countermeasures and results FY2021 results
Lane-specific traffic congestion tail end information and traffic ® The information was confirmed to be more
congestion alleviation location information in the direction of vehicle detailed than that provided by existing
travel were expressed with a resolution of 100 ms using CRPs (in services
conformance with 1ISO17572-4) ® |t has been theoretically verified that

Application PULL delivery was performed in 1 minute intervals for information required times could be shortened by
evaluation regarding areas ahead of the vehicle changing lanes based on delivered
Delivery delay times between upper layer servers and test vehicle information
on-board equipment (including data request intervals) were
confirmed to be 70 seconds or less

Evaluation of We confirmed the future intent of participants to use the information in driving assistance and vehicle control to
information make decisions regarding path planning
through There were requests for improvements to be made in preparation for societal deployment to rectify differences
questionnaires between delivered information and actual conditions

—_ =

Activities will be continued in the FY2022 Tokyo Waterfront Area Follow-up FOTs




Results overview: Results for individual types of delivered information

(3) Mock emergency vehicle location information

Mock emergency vehicle location information
lielinElilelsl  generated through another project

source (location information regarding the location of the
vehicle every 100 ms is generated every 2 seconds)

PEVETAN® PUSH method (specified distance)
method

® Waterfront City area

FOTs area

V2N issue countermeasures and results FY2021 results
® Information indicating the location of the mock emergency ® Confirmed that required information
vehicle every 100 ms was generated every 2 seconds (each acquisition areas could be selected by
packet contained 20 units of location information) and specifying distances
delivered to vehicles ® Verified that the information made it
e ® PUSH delivery was performed in 1 second intervals for possible to determine that an
Appllcat'lon information regarding areas around the vehicle (within the emergency vehicle was approaching
evaluation designated distance range) before it was visually observable
® Delivery delay times between upper layer servers and test ® Confirmed the impact of location
vehicle on-board equipment (including data request intervals) deviation in multipath environments
were confirmed to be roughly 1.3 seconds, on average

® Basic data was acquired in order to investigate vehicle behavior (stopping, pulling off onto the shoulder, TOR*,
etc.) when an autonomous vehicle encounters an emergency vehicle (the issues of request accuracy and what
kind of actions should be taken must be deliberated on together with related organizations)

® There were requests for additional emergency vehicle type-specific information to be added in preparation for
societal deployment

Evaluation of
information

through
questionnaires




Results overview: Results for individual types of delivered information

(4) Traffic signal prediction information

tisinciey @ Traffic signal prediction information generated through ® Waterfront City area
n source another project (generated 3 seconds before the start

of each cycle)

A ® PULL method, specified distance PUSH method, and specified

method intersection PUSH method
V2N issue countermeasures and results FY2021 results
® Traffic signal prediction information generated 3 seconds before ® Confirmed that of the methods
the start of each cycle was delivered using three different delivery prepared for these FOTs, the specified
methods: PULL, PUSH, and specified intersection PUSH intersection PUSH method can deliver
® Delivery delay times between upper layer servers and test information with the smallest amount of
Application vehicle on-board equipment (including data request intervals) delay
. were:
evaluation v' 150 ms™ or less for the specified intersection PUSH
method
v 1.2 s" or less for the PUSH method
v Max. 63 s for the PULL method*1

*1:Actual measurements from this FOT environment
® In preparation for future utilization of this information for driving

Evaluation of assistance and vehicle control, participants indicated that the _
information following were necessary: fewer discrepancies between actual Recommendations have been made
through traffic signal colors and the contents of traffic signal prediction to the Implementation (infrastructure)
questionnaires information, prior confirmation of traffic signal aspects for traffic equipment side
signals with margins, and confirmed traffic signal prediction
information

(Percentage of participants intending to use this information in the future: 76%, currently

deliberating whether to use it: 24%) I 1
Activities will be continued in the FY2022 Tokyo Waterfront Area Follow-up FOTs
(verification from a vehicle perspective of methods for effectively using traffic signal prediction information verification)




Results overview: Test participant questionnaire

Feedback, observations, and requests regarding the FOTs

Reaffirmed that linkage with dynamic information is vital to the development of automated driving
FOTs on public roads are rarely conducted anywhere in the world and are therefore highly valuable

Information can be organized regarding new issues and benefits

<X X X

Some participants only participated by performing theoretical studies, but were able to deliberate regarding information
usage based on the data and materials, etc., provided from the equipment side

Participants requested that the Daiba field continue to be available for use next fiscal year and beyond
Participants plan to continue participating in preparation for the deployment of automated driving

There were requests that identified issues continue to be discussed by participants

<X X X

More widespread deployment of infrastructure is critical for cooperative systems, and participants requested that this be
deliberated on jointly by members of the public and private sectors

i)

Activities will be continued in the FY2022 Tokyo Waterfront Area Follow-up FOTs
(Test participants requested that the test environment be maintained to assist with the research and development of
cooperative infrastructure systems by individual companies)
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1. Overview of the FOTs in the Tokyo Waterfront area (V2N)

(1) Implementation structure

® Carried on test structure used in FY2019-2020 FOTs

@ Total of 22 participants, including foreign and domestic automotive manufacturers, component manufacturers,
universities, and venture companies

*FOTs in the Tokyo Waterfront Area Consortium
Mitsubishi Electric Corporation (representative)

Aisan Technology Co., Ltd.

GeoTechnologies, Inc.

? Toyota Mapmaster Incorporated
Pacific Consultants Co., Ltd.

Zenrin Co., Ltd.

Pasco Corporation

Nippon Koei Co., Ltd.

Sumitomo Electric Industries, Ltd.

Cabinet Office/NEDO

FOTs in the Tokyo Wateﬁront Area Task

Force
¢ —Pp Other government agencies and related parties
. /‘
FOTs in the Tol.(yo Waterfront Area e Japanese Foreign
Working Group ,
e Automotive . .
] , facturers 7 companies | 2 companies
FOTs in the Tokyo Waterfront Area : 4 [z Ul
C rtium* Component
onsortium 7 2 companies | 4 participants
, manufacturers
/7
1 ( Universities | 5 universities —
'
Other 2 companies —
Test participants
-4 - __ Total 22 companies

11



1. Overview of the FOTs in the Tokyo Waterfront area (V2N)

(2) Testing schedule

® Four types of traffic environmental information were delivered between November 2021 and February
2022

2021 2022
ltem
Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
Milestone Tokyo Olympics # Test rige session
& Paralympics Y SIPsadus WS
Follow-up FOTs 21 (V2I)
Iétainfall inforniaation :
Lane-specific road traffl*lnformatlon _
(12/13ito 1/28) I
Mock emergency vehicle Iocation i formatl ONn -
FOTs (1740 to 1/21) T
Traffic signal prediction informati

T

Implementation overview/evaluation contents (1110 to 2/28)

I/F specification definition, test equipment preparation

Y Software s« Software | % Software

#1 #2 #3
Y Nlap data
djstribution
6/23 7/21 9/15 10/27 11/24 12/15 119 2/16 3/16

Wemestng e ¥ S B B R I N G B\




1. Overview of the FOTs in the Tokyo Waterfront area (V2N)

(3) FOTs area

® Tests were performed in three areas: (D Waterfront City area, @) Expressway routes connecting Haneda
Airport and the Waterfront City area and 3 JARI Front Entrance to Shin-Tomei Shimizu lhara Interchange™

@ Expressway routes connecting
Haneda Airport and the
Waterfront City area, etc.

® JARI Front Entrance to il
Shin-Tomei Shimizu lhara
Interchange

1380°22'30"

T :10km*
T 1km? Y i
0:250m*

5‘{ i :
o " el - - ‘map
35000" L] =S .
7'30" Sourc: Gaospatl fomaton Authorty f Japanimap acrdon September 28, 2021
Ao aps G Ip T35 S50 195 510558 s pelohi-aleadopeAk-cO0TOk

*1:The FOTS in the "® JARI Front Entrance to Shin-Tomei Shimizu Ihara Interchange" area were performed
using map data created during SIP Phase One
(this map data was created for evaluating long-range rainfall information, and due to differences between
the data content and actual rainfall conditions, could not be used in vehicle control)

g g e — 5 iy

% ) ——.? g~ e oy b‘.-‘,
A o O Waterfront City area
2 AR\ T\ T
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1. Overview of the FOTs in the Tokyo Waterfront area (V2N)

(4) Test system configuration

® A test system was created in conjunction with a contractor from another project, focusing on the

4

perspectives of equipment-side and participant-side evaluation

Equipment-side evaluation

Build a new traffic environmental information
V2N delivery environment and identify issues
involved in societal deployment

Test participant evaluation

Verify effectiveness of traffic environmental
information for automated driving systems and
drive assistance systems

[ \ [ \
(" 1) . Shortrange |\ /. I
Data Linkage and medium-
aggregation |+ fde“‘{(?ry " range area _ GNSS Dynamic map viewer
server unction server (V2I device) |receiver | (real-time display and log
Lane-specific road ) e o vaic | |[PUSH data playback)
traffic information environmental
oy PULL Test vehicle Automated driving and drive
Mock emergency maps LTE > Mobile router,. | on-board assistance system
vehicle location VA | equipment (prepared by test participants)
information
High-
Rainfall information accuracy
map
Traffic signal prediction
information
\ J\ 7\ J

Data generationﬂand aggregation

Data managemgnt and delivery

Data conversion and output to vehicle control (test vehicle-side)

*1:Handled by "Examination and Evaluation of Automated Driving Control Technologies that Use Lane-specific Probes, etc." contractors
*2:Handled by "Research and Development on the Collection, Integration, and Delivery of Short-range and Medium-range Information" contractors

14



1. Overview of the FOTs in the Tokyo Waterfront area (V2N)

(4) Test system configuration (transmission time measurement system)

® Transmission time is measured by measuring the time between when data is sent from the data aggregation server
to when it is received by the test vehicle on-board equipment

® Measured segments for mock emergency vehicle location information: d-O, O-®, @-@®, d-® *

Measured segments for traffic signal prediction information: M-® *
* See the attachment for the results of measurements between other devices

Internet NTP server (ntp.nict.jp)

i y ¥
_— | | e
Time Time Time synchronization Time synchronization
synchronization 1 synchronization 2 31,32, 33 dongle
Time
NTT DOCOMO cloudfserver synchronization 4 (connected by USE)
D1a disgributibn .
Data Dynamic map data Seryer Test vehicle on-board
aggregation linkage and Ef‘e”a' R Mobile Foiitsr equipment
server delivery function noaBTJrE?II! e il A (BOX-PC)

) reimione ] (@pOx-PC
seggrcomg) API
P
\

XDM /

AN N

S S
'd ™\ ( ‘\’?
Py
Data Linkage ort-range
; i and medium-
aggregation ||  delivery |-+ rangla s / GNSS ynamic map viewer
server function server V2| davice) Facaliar (real-time display and log
'I Lane-specific road I— Linkage and PUSH / data playback)
traffic information cor f .
conversion o PULL
™Mock emergenc gﬁ{ﬁ'ﬁ)nmen.a. Mabile Test vehicle Automated driving and drive
gency information and LTE_ ) rotar on-board  fa—p| assistance system
veh ‘1:3]9 1“‘:?"0” mgh:mllfﬂcv equipmant (prepared by test participants)
= infarmaton &)
/ | Rainfall information }— High-
. . . accuracy
Time of informatio |Trafﬁc_ signal prediction | map
generation : afurmatie) ——\ Data management and \_  Data conversion and output to vehicle control ./
Data generation and : icle-si
g delivery (test vehicle-side)

aggregation
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1. Overview of the FOTs in the Tokyo Waterfront area (V2N)

(5) On-board system configuration

In FY2021, a dongle for synchronizing the time with the mobile router was added to the on-board system

® Other than the above, the same equipment prepared and loaned in the previous year were reused for

these FOTs

FOTs in the Tokyo Waterfront Area

Consortium

Uploaded using communication tool:

* Test vehicle on-board equipment log files

* Tally counter data files

)

High-accuracy 3D map @
Viewer software

API software

Log collection software

High-accuracy 3D map
(map-information linkagg)
API software

* Video data files

" Viewer display "

terminal

(prepared by test
participant)

DM data
Log data

EHER

= Configuration,
1 etc.

i

A H
Data mailed by SD card:

iAutomaticaIIy sent:
i* Driving trajectory

Electronic tally
counter

Devices for recording|
video data for use in
evaluation

R

management

R et

Movement

system

ime

-
o
«Q

Time infor
Location

V

L | 2N informatigp
information

Test vehicle on-board /
equipment (BOX-PC)

V2| traffic signal
information

Newly loaned
devices

Devices on ongoing
loan

Upper-level server

GNSS e i . i

> T (Project B: Data generation and
receiver .’ L aggregation)

(Project C: Data management

Time and delivery)
synchroni
zation
dongle \ 4

Mobile
router

V2N information*

©
High-accuracy 3D map

(depends on individual
participant implementatfg‘f,*g)

Vehicle control

Y...

(test participant)

<

ETC gate
passing/merging
support information

ITS wireles

receiver for
providing traffic

signal
information

S V2| traffic signal
information

ITS wireless
roadside unit for
providing traffic

signal information

ETC2.0 on-
board equipment
with advanced
infrared beacon

support

|
ETC2.0 wireless
ETC gate roadside unit

passing/merging

support information

* V2N information:

« Traffic signal prediction information
 Lane-specific road traffic information

» Mock emergency vehicle location information
« Rainfall information
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1. Overview of the FOTs in the Tokyo Waterfront area (V2N)

(6) Data and transmission media used in the FOTs

® Traffic environmental information, which consists of dynamic information, semi-dynamic information, and
semi-static information, is delivered via V2N (LTE)

High-accuracy 3D map update data

Data Data details Transmission media
V2I: ITS wireless receivers & ITS
. : , roadside units (760MHz) for
Traffic signal information o .
. providing traffic signal
(1 ).Dynamlc_: information
information — — -
Traffic signal prediction information | V2N: LTE
Mock emergency vehicle location
| Mg ' V2N: LTE
information
(2) Semi-dynamic || Lane-specific road traffic information | V2N: LTE
information Rainfall information (short range) V2N: LTE
(3) Semi-static . : : :
e Rainfall information (long range) V2N: LTE
A Y.
(4) Static High-accuracy 3D map data Cloud server
information

Cloud server

* Road shoulders +  Stoplines

* Road center lines *  Pedestrian

* Lanelines crossings

* Road edges * Road markings

»  Traffic signals
* Road signs

(4) Static information: High-accuracy 3D map planimetric features

. Road node linkages

. Lane node linkages

. Lane node linkages within
intersections

. Intersections

. CRP nodes

17



1. Overview of the FOTs in the Tokyo Waterfront area (V2N)

(7) Participant driving results to date

® March 1, 2021, to February 28, 2022 (12 month period): Approx. 42,826 km
(figures collected via movement management system)

- FY2021 Follow-up FOTs only: Approx. 31,617 km (collected as indicated above)

- After start of V2N delivery: Approx. 11,209 km (collected as indicated above)

(wy}) uaaLp aoue)sip AJYjuon

6,000
5,000
4,000
3,000
2,000
1,000

0

Mar.

Apr.

May

November 15, 2021

Start of V2N information delivery

June July Aug. Sept. Oct. Nov. Dec. Jan.

2021

s FY2021 Follow-up FOTs only — mmmm After start of V2N delivery

2022

/

Feb.

60,000
50,000
40,000
30,000
20,000

10,000

(wy]) usALp douelsIp [B10 |

Participant driving to date
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2. Results of rainfall information-related testing

(1) Overview of delivered information

® Below is an overview of the information

Information source: Japan Meteorological Business Support
Center

Provided information: High-resolution Precipitation Nowcasts
or High-resolution Precipitation
Nowecasts (5 minute precipitation
amount) (cumulative rainfall over a 5-
minute period in a grid square
measuring 250 m x 250 m, current
condition analysis and 30 minute

forecasts issued every 5 minutes, binary

data)
Provision scope: SIP Phase 1 and Phase 2 high-accuracy 3D
map range (Waterfront City + Metropolitan
Expressway, Joban Expressway, Tomei,
Shin-Tomei)

Rainfall information received from data aggregation server (JasPar standard)

Item Contents
container . basic time start Data time . b

H expire Expiration time (start + 5 min) |2
. . Latitude of center of first 250 m |2
. latitude ) H
= L. grid square -
. section beglnnlng . Longitude of center of first 250 |3
. Point longitude . o
. m grid square H
E accuracy Location accuracy E
E contents sequence 250 m grid square number E
- Amount of precipitation E
. environment rain predicted over 30 minute period |=
. starting now H
. accuracy Precipitation amount accuracy E
:’ environment 10 km row s

.IIIIIIIIIIIIIIIIllIIIlIIIlIIIIIIIlIIl.lIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘

basic

contents

Precipitation amounts f
10 km in the longituding
basic and content infort

area.
N

4

beginningPosition

\

or 40 grid squares each measuring 250 m x 250 m, extending
| direction, are packed a single item of content. Multiple pairs of
mation are used to provide precipitation information for an entire

N
(]

Precipitation

sequence: 17 T

sequence: 2
Precipitation

giezd [ Y T [T o]
sequence 3
Precipitation

sequence: 40
Precipitation
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2. Results of rainfall information-related testing

(2) Information delivery process (flow of data)

® A 30 km square around the current location of the vehicle or for the designated area (Waterfront City + Metropolitan
Expressway/Joban Expressway/Tomei + Shin-Tomei /all areas) is specified to deliver rainfall information using PULL

delivery and output it to vehicle control

® The CAN output area is only a 3 km square (due to data volume and delivery time considerations)

= Japan Meteorological
» Business Support Center

[]
[]
[]
[]
[]
[]

"sssssssssssguusnnnnnnnnnnet

l High-resolution Precipitation Nowcast data (every 5 minutes)

Data aggregation
server

Request/response using http (every minute)

Traffic environmental information receiving system .

/Area designation

* Area around vehicle
* Waterfront City + Metropolitan Expressway/Joban
Expressway/Tomei + Shin-Tomei/all areas

If the scope is configured for the area around the vehicle,
the vehicle's location information is determined using GNSS

and the information acquisition area is decided on.

J

(binary) (5 minute intervas)

Information is acquired in 1 minute intervals. An
area-specific information file segmented by
latitude and longitude is created only when
information has been updated (5 minute intervals)

E B . Area désignation (every minute)

3 ynamic D & - Test
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2. Results of rainfall information-related testing

(3) Transmission delay times * System time synchronization method and transmission delay time confirmation procedure: See appendix

® The rainfall information received from the Japan Meteorological Business Support Center (information source) is sent
approximately 2 minutes and 30 seconds after the designated time (this was determined from the times of the received data in
the data aggregation server)

® Once per minute, the test vehicle (test vehicle on-board equipment) requests rainfall information from the data distribution
server (PULL method)

® Once per minute, data is requested by the linkage delivery function and sent by the data aggregation server

= |n the system used in the FOTs, the delay between when rainfall information was generated by the information source and
when it was received by the test vehicle (on-board equipment) was up to 4 minutes and 40 seconds (2 minutes and 40
seconds + 1 minute + 1 minute)after the designated time

Information source . Linkage distribution Data distribution Test vehicle on-
(Japan Meteorological Business  Data aggregation server server server board equipment
Support Center)
Ahm‘t 3 splr-nnrlc
bebind 09:55 rainfpll ifformation no informatipn
10:00 [T oo = — 1 > nonformatpn o
‘ Y 09:55 rainfpll ipformation no informatipn
About 2.5 minutes provided by the Japan e s T S >
e Meteorological Business [09:55 rainfpliformation }_ Apout 7 seconds | no imormatpn | L1l apouth minutes
Support Cer?ter = 10:00 rainfpll ifformation .e ne : : no informatipn behind
approx. 2 minutes and p{ = 1 0:00 rainfall information g
30 seconds 10:00 rainfpll ipformation _10:00 rainfa] info
* Data aggregation server g = [ >
. — i i . . About 5 ds - . .
10:05 internal processing time 1 minute interval et oonas =1 1 minute interval
= approx. 10 seconds 10 no i

About 2.5 minutes

behind . ) . 10:00 rainfpll ipformation no informatipn
Delay time in » 0 = — A =
transmission from data $0.05 reinfp|l ipfarmation > 10:05 rainfall information fioimtor Apn
aggregation server = 140,05 rainthil ihformation 10:05 rainfa| info
approx. 2 minutes and P : —
40 seconds 10:05 rainfhll ifformation no informatibn
10:10H T e e P
| 1
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2. Results of rainfall information-related testing

(4) Test results: Analysis of test participant driving data (on-site driving, rainfall

® Rainfall information output to the vehicle based on the test environment was checked against rainfall information on the

Japan Meteorological Agency website to verify if the information matched
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2. Results of rainfall information-related testing

(4) Test results: Analysis of test participant driving data (on-site driving, rainfall)

® \We confirmed that vehicles were provided chronologically ordered information on the amount of rainfall for the mesh
segment in which the vehicle was located
® \We confirmed that long-range rainfall information could also be received in the Odaiba area via V2N

* See the attachment for equipment-side test results and the results of analysis of other test
participant driving data

250 Rainfall volume characteristics when driving in the Odaiba area
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2. Results of rainfall information-related testing

(5) Evaluation questionnaire

® There were many comments requesting information other than rainfall

(flooding, snowfall, icing, wind speeds, fog, earthquakes, tsunamis, etc.)

[Requests for information other than rainfall information]

® All participants requested that wind speed and road surface snow accumulation information be provided.

® "In addition to rainfall information, we would also like consideration to be given to delivering information about other
weather conditions that could affect driving (such as snowfall and wind speed information).
We are envisioning using the information in vehicle control when there are sudden downpours or showers in localized
areas and when rainclouds are moving quickly, so we think the smaller the blocks of delivered rainfall information, the
better."

® "We would like for pinpoint road flooding information and pinpoint road icing information to be provided."

® "We would like information on locations where there is the danger of slipping, such as areas with road icing."

® "Fog information: When there is fog, the detection capabilities of vehicle cameras are impaired, so we believe that
receiving information in advance would be effective for automated driving mode selection, route selection (fog
avoidance), and the like."

® "We would like information regarding natural disasters, such as earthquakes and tsunamis, to be provided."

[Other]

® "We expect there to be a need for information regarding distant locations and routes, linked to navigation systems.

Instead of just delivering information based on the vehicle's current location, we'd like for the system to be expanded to
make it possible to designate locations and road sections for which to receive information."
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3. Results of lane-specific road traffic information testing
(1) Overview of delivered information

® Below is an overview of the information

Information source: Probe information (OEM), road traffic information (car navigation equipment manufacturer)
Provided information: Traffic congestion tail end location information for forking and merging areas, location information
for locations of driving impediments, such as accidents or start of traffic congestion
Provision scope: Metropolitan Expressway Haneda Route and Bayshore Route
Envisioned traffic congestion start point: Near Haneda Route Hamazakibashi Junction, near Bayshore
Route Tokai Junction

Lane-specific road traffic information (caution information) includes the following items Near
and is updated once per minute. 0 Harazakibask
Haneda
(1) Start time Route
(2) End time
(3) Location
(4) Route name _ E{zﬁgme

(5) Lane number

(6) Accuracy of location

(7) Accuracy of traffic
congestion inference

Near Tokai
\ Junction




3. Results of lane-specific road traffic information testing

(2) Information delivery process (flow of data)

® The GNSS information received by the test vehicle on-board equipment is used to determine the
route the vehicle is driving and its direction (inbound/outbound) and to obtain a lane-specific road

traffic information (caution information) file specific to the expressway route and direction using the

PULL method.

etc.

Data aggregation
server

Request/response using http (every minute)

Traffic environmental information receiving system

Dynamic

Driving on Haneda Route inbound

Areaxdesignation (every minute)

Test vehicle on-board equipment

the information acquisition area

identifies the route and direction from
the vehicle's location and decides on

map linking/
delivery

Test vehicle

distribution | Area-specific road traffic information file on-board

function

------------------------------------

Route (Haneda Route/Bayshore Route) and
direction (inbound/outbound)

equipment

Haneda
Route

: Direction of
%
Vehicle

location

Bayshore
Route

Area-specific road traffic
information

!

Vehicle
control

The dynamic map linking/delivery function uses individual traffic
congestion tail end coordinates (latitude and longitude) to
determine the routes and directions of corresponding locations
and uses this to categorize areas

terminal
(log file)

Viewer display

information)

The viewer shows all
lane-specific road traffic
information (caution
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3. Results of lane-specific road traffic information testing

(3) Transmission delay times

* System time synchronization method and transmission delay time confirmation procedure: See appendix

® The processing time was an average of 0.284 seconds for the linkage delivery function and 5.117 seconds for the test vehicle

on-board equipment

® The most current data was acquired from the test vehicle on-board equipment in 1 minute intervals(using the PULL method)
= Depending on the timing, the delay between information being generated by the server providing lane-specific road traffic
information and the information being output from the test vehicle on-board equipment could be up to 65.4 seconds

Lane-specific road traffic
information provision

Dynamic map data linkage
and delivery server

Lane-specific traffic

reception server

information

Test vehicle on-board equipment |

docomoAPI | docomoBat |Box-PC application |

Vehicle control

Clone started once a minute

' |(7) Perform initialization
|(8) Batch start DOCOMO API

(9) Start Java in batch file
Receive lane-specific road traffic information

server
E Clone started once a minute
! (1) Perform initialization processing
! (2) Send request
(:. Receive response
! (3) Store received data (JSON) in log
i (4) Convert received data
. (5) Generate delivery file
: (6) Terminate
:
12/21/2021 1/6/2022
Max. Avg. Min. Max. vg Min
I‘;Lv:k':ig:ui::)d delivery function processing time [s] (started once 0.932| 0.284] 0.227 1.981| 0.284 I 0.225
(1) Initialization processing time [s] 0.357| 0.096| 0.059 0.330] 0.094| 0.059
(2) JSON file reception and processing time [s] 0.014| 0.004| 0.000 0.021| 0.004| 0.001
(3) Received data (JSON) log storage time [s] 0.044| 0.014| 0.003 0.038| 0.012| 0.002
(4) Received data conversion processing time [s] 0.041| 0.005| 0.030 0.078| 0.004| 0.025
(5) Delivery file generation time [s] 0.148| 0.077| 0.057 1.360/ 0.081| 0.060
(6) Termination processing time [s] 0.328| 0.088] 0.078 0.154|__0.088[ 0.078
Lei::]\tl;hicle on-board equipment processing time [s] (started once per 12_259 4.674 3-264 20_957 5.117 I 3_28 1
(7) Initialization processing time [s] 0.040] 0.040[ 0.040 0.040] 0.040[ 0.040
(8) Transmission AP initialization processing time [s] 8.539| 4.266| 2.944| 20.228| 4.727| 2.976
(9) Lane-specific road traffic information reception time [s] 3.524 0.332 0.265 0.594 0.316 0.250
(10) Transmission API post-processing time [s] 0.088| 0.029| 0.009 0.057| 0.027| 0.009
(11) Data extraction/vehicle control output time [s] 0.068| 0.007| 0.006 0.038| 0.007| 0.006

Unit (seconds)

|(10) Batch end DOCOMO API

(11) Extract data and output to
vehicle control

>
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3. Results of lane-specific road traffic information testing

(4) Test results: Method of verifying benefit analysis

[Verification approach]
® Analysis was performed by calculating to what degree required driving time was reduced by using lane-specific traffic congestion
information to avoid traffic congestion in individual lanes.
® Driving result data was extracted for test drives in which test participants avoided traffic congestion in individual lanes and the required
driving time was calculated using this data (situation 1). Based on the results data, we inferred the driving time that would have been
required if the vehicles had gotten caught up in the traffic congestion in individual lanes (situation 2).
® We evaluated the amount of reduction in required driving time (the difference in required driving times between situation 1 and situation 2).

[Approach used when defining situations to compare]

Compared Situation 1: Information was provided Situation 2: Information was not provided
situations (Actual required time) (Inferred required time)

Vehicles received traffic congestion tail end information We hypothesized the driving situation if the vehicle did not

Situation (lane-specific traffic congestion information) and drove receive lane-specific information and got caught up in
explanation smoothly in a traffic congestion-free lane adjacent to the traffic congestion in an individual lane

lane with traffic congestion

Driving results data (extracted driving data from vehicles Data created for a hypothetical drive (based on actual

when they passed the location of lane-specific traffic driving results data: we envisioned driving speeds being
Data used : o : . -

congestion while it was occurring) reduced to 10 km/h in areas where there was lane-specific

traffic congestion)

[Approach used with respected to analyzed drives]

(1) We extracted driving data from vehicles (2) Of those samples, we extracted driving (3) Of those samples, we excluded data for
when they passed the location of lane- data for drives for which there was drive lane-specific traffic congestion that occurred
specific traffic congestion while it was recorder video and in which it was possible in a four lane stretch of road of which two
occurring to confirm in the drive recorder video that lanes were merging/forking lanes and in
(based on traffic congestion tail end lane-specific traffic congestion had occurred which avoiding lane-specific traffic
information) congestion would not be feasible

8 samples 3 samples

2 samples: Analysis scope
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3. Results of lane-specific road traffic information testing

(4) Test results: Method of verifying benefit analysis

[Conceptual image
of evaluation]

Evaluation indicators:
Required time, average speed,

Situation 2: Information was not provided oto

(Inferred required time)

Situation 1: Information was provided
(Actual required time)

Location of tail end of lane-specific  |ocation of front end of traffic congestion

traffic congestion (confirmed in drive recorder video)
(based on traffic congestion tail end
information)
Situation 2: Information was not provided [] :.[:' _I"_

Situation 1: Information was provided @
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3. Results of lane-specific road traffic information testing

(4) Test results: Situation 1
(1) We identified test participant vehicles that passed locations where lane-specific traffic congestion was occurring (routes and locations)
(2) We extracted driving history data immediately before and after the lane-specific traffic congestion and used it to determine the actual
required driving time
(3) We used drive recorder video to confirm the impact of the lane-specific traffic congestion on the lane the test participant was driving in, and
inferred the benefit driving in this lane had over getting caught in the traffic congestion

[Analysis results] Avoiding lanes where traffic congestion was occurring is estimated to have reduced required driving time by approximately
90 seconds

Speed profile (actual) Required time Calculation of reduction in required driving time due to
Speed (km/h) (seconds) ) e ) )
avoidance of lane-specific traffic congestion
90 700
80 Estimated
600 reduction:
70 Approx. 90 sec
500 The lane-specific Situation 2: Information
60 traffic congestion was not provided
affected the area up | H{lali=lie=lef=e Vi)l |41.2 km/h
400 to roughly the 2,300
50 . L m point
<> he vehicle was driving in the
no. 3 lane, so its speed was 300
40 not significantly reduced when
driving downstream from the Continuing to
30 tail end of the lane-specific drive in the no. A
V(.
traffic congestion 200 3 lane g
20 56.2 km/h
100 congestion
10 Occurred between 9:25
Lane-specific traffic congestion and 9:44. Vehicle passed
0 Distance (m) 0 at9:40.
0 1000 2000 3000 4000 0 1000 2000 3000 400%istance (m)
—|i_?’ 3§mc’9 *-9’ m)>9 —»-9 —45 ggmc'g *-9’ 39’ —»-9
2 SE 23 z z 328 2 SE 23 3% S 328
g 5> & § 3 : E 85 @ g 8¢ °
Q Q
@ (]

w
(@)



3. Results of lane-specific road traffic information testing

(4) Test results: Situation 2 * See the attachment for other equipment-side test results and the results of analysis of other test participant driving data

(1) We identified test participant vehicles that passed locations where lane-specific traffic congestion was occurring (routes and locations)
(2) We extracted driving history data immediately before and after the lane-specific traffic congestion and used it to determine the actual
required driving time
(3) We used drive recorder video to confirm the impact of the lane-specific traffic congestion on the lane the test participant was driving in, and
inferred the benefit driving in this lane had over getting caught in the traffic congestion
[Analysis results] Avoiding lanes where traffic congestion was occurring is estimated to have reduced required driving time by approximately
180 seconds

Speed Speed profile (actual) Required time Calculation of reduction in required driving time due to avoidance of
(km/h) ) oo ) .
(seconds) lane-specific traffic congestion Avg. 23.6
90 700 Situation 2: Information
™ hicle ch T The lane-specific traffic was not provided
80 € venicle CEE S congestion affected the Inferred required time
no. 2 Ie_me_, EY its speed was 600 area up to roughly the (Inferred req )
not significantly reduced 2,300 m point
70 when driving downstream stimated
from the tail end of the lane- 500 reduction
60 specific traffic congestion : Approx.
Changed to 180 sec
50 400 no. 2 lane
40 The vehicle was driving in
300| the no. 1 lane until just
before the lane-specific
30 traffic congestion
200

2
0 Changed to

no. 2 lane

Lane-specific traffic

100 congestion

10
. - Occurred between 9:16
Lane-specific traffic congestion Distance (m) and 9:20. Vehicle .
0 passed at 9:19. Distance (m)
0 1000 2000 3000 4000 0 1000 2000 3000 4000
m ; 54m =4 Q Y 2 2 e m ; 54m o e Y 2 e Q
238 isgge 23 33 &= 78 isgf§e I3 23 s
s 2 Qv e z2 Q3 Z= 32 S oS ze 3 s Z=
Sz S 25 az 5 & 33 Sz S 25 az Sz 23
a S = S S Q o 2 s 2 S =3 @ o
® S @3 S5 © @ Qg o © ® S @3 S&7 © @ Qaq o O
E o2 =2 3 > o S5 E 2 22 o > > 35
2 88 3 ® 3 gz 8 3 88 3 ® 3 gz 8
< o @ o ER) < o @ o L)
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3.

Results of lane-specific road traffic information testing

(5) Evaluation questionnaire

There were many comments stating that the delivered information needed to better match actual traffic
conditions

[Improvement requests]

"The content of the information was significantly different from actual traffic conditions (traffic congestion tail end
locations and traffic congestion lane information was wrong, traffic congestion front ends and tail ends weren’t paired
up, traffic congestion information was received when there was no actual traffic congestion, etc.)."

"We need information that can be used to determine the reliability of the provided information, such as information
regarding system limitations (delay time between information detection and delivery), data processing limitations
(conditions under which inaccurate information might be provided), changes at traffic congestion locations (traffic
congestion areas growing longer), etc."

"It would be better if the average vehicle speed were indicated for the location in the traffic congestion tail end
information." "We think the provided vehicle speed information could be used together with the test vehicle's own speed
and location to decide when to start decelerating and to provide support information to the driver."

"Shortening the information collection cycle and the information delivery cycle has the potential to shrink the gap
between actual conditions and the delivered information."

[Other]

"We didn't encounter enough traffic congestion tail ends."
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4. Results of mock emergency vehicle location information testing

(1) Overview of delivered information

® Below is an overview of the information

Information source: The (mock) emergency vehicle

Provided information: Location information for (mock) emergency vehicle
updated every 100 ms, distributed every 2 seconds
Provision scope: General roads in the Waterfront City area

Conceptual image of output area of (mock) emergency vehicle

location information

Contains up to 20 items of
GNSS information for the
(mock) emergency vehicle for
a two second period, ordered
chronologically from oldest to
newest

(if the (mock) emergency
vehicle is stopped for two
seconds or longer, its
direction of travekgannot be
inferred)

In preparation for societal deployment, it will be essential to

consider and standardize data formats, taking into consideration

the ability to distinquish between multiple vehicles

(Mock) emergency vehicle location information
provided by data aggregation server

Item Byte Remarks
Year 1 |BCD (last 2 digits)
Month 1 [BCD
Onboard  |DAY 1 [BCD
equipment  |Hour 1 [BCD
ime Minute 1 [BCD
Second 1 [BCD
Millisecond 2 |BCD (left-aligned, 3 digits)
Vehicle ID 5
Reserved 1
Driving state 1 |1:Driving
No. of tems of GNSS continuous information 1 [0to20
Latest Latitude [10-7 deg] 4 |JGD2011 (semi-dynamic correction unnecessary)
location |Longitude [10-7 deg] 4 1JGD2011 (semi-dpamic correction unnecessary)
2 Hour 1 BCD %
: ONSS e 1 |BCD :
measurem H
K Second 1 BCD .
entime K isecond |2 |BCD (efealigned, 3 digs) :
Reserved 1
H Latitude [10-7] 4 |Dynamic map must be aligned with datum (present period — original period) H
GNSS Longitude [10-7] 4 |Dynamic map mustbe aligned with datum (present period — original period)
¢ |coninuous [Movement speed [km/h] 1
= |information 1 =
J: Reserved 1 .
Sea level altitude [0.1 m] 2 |Dynamic map mustbe aligned with datum (present period — original period)
Geoid altitude [0.1 m] 2 |Dynamic map must be aligned with datum (present period — original period) H
HDOP value 2 :
No. of satele positoning H
: ncasurmerts ! :
H Positioning state 1 0: No positioning, 1: Independent, 2: DGPS, 4. RTK Fix, 5: RTK Float _
o e asssneseesnsnaaananssssentetsnnnnnnnnannnn desmssEsEEEEEEEE AR EREEEAEEEEEsEAEEEsEEEEEEEES b*
K .
GNSS continuous information n 24 |The lastlocation information is the latest information

Conceptual image of (mock) emergency
vehicle location information

(Mock) emergency vehicle
GNSS information

P

*® s .
Vehicle location
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4. Results of mock emergency vehicle location information testing

(2) Information delivery process (flow of data)

® The vehicle issues notice of the area for which it requires information (a circle around the vehicle), and
(mock) emergency vehicle location information is delivered to the vehicle using PUSH delivery

ELLERRR L

(Mock) emergency vehicle :
location information  :
collection and distribution :
server .

Data aggregation
server

Dynamic

map (Mock) emergency vehicle

location information

linking/
delivery
function

Traffic environmental information receiving system =

When the test vehicle on-board equipment
begins transmission, it issues a delivery
pattern (provision area) notification

It then transmits the vehicle's own location

once per second

Push using WebSocket (when phenomenon occurs)

distribution
server

Deivery pattern (provision area)

------*-----------.
Data = oSt veNIle location (every second) | Test vehicle

Mock) emergencyEvehicIe location information

on-board

equipment

The received (mock) emergency vehicle location
information is output unconditionally

(Mock) emergency vehicle
location information

!

~

(Mock) emergency vehicle location Viewer display
information for the area specified in the terminal

delivery pattern (information for a

area centered around the vehicle's own
position) is determined based on the

vehicle's position and transmitted

circular

(log file)

Vehicle
control
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4. Results of mock emergency vehicle location information testing

(3) Transmission delay times

® Time required for uplink from mock emergency vehicle to data aggregation server (d-D): St coloct Toroua
Avg. 0.25 to 0.26 seconds ala colection anc provision

Large amount of @

® Amount of time required for delivery from the data aggregation server to the test vehicle on- delay in
board equipment (D-®): @ transmission !
Avg. 0.97 to 0.99 seconds _Z|L - section_ _ _@
< - il N
® Amount of time required for delivery from the data delivery server to the test vehicle on-board -~ r---=-=--=1""-" -7
equipment (®'@) Data source Data recipient
Avg. 0.95 to 0.98 seconds (mock emergency | | (test vehicle)
vehicle)

= Amount of time required for delivery from the mock emergency vehicle to the test vehicle on-

board equipment (d-®):

Avg. 1.22 to 1.25 seconds

(When the mock emergency vehicle was driving at high speeds, there was a large difference
between the location in the received data and the actual location where the vehicle was

confirmed to be)

q Short-range
Data Linkage and medium- Dynamic map viewer
aggregation delivery | : .
server function (EINELS Gl GNSS (real-time display and log
server (V2I device) T data playback)

y

Rainfall information
e Mobile

Lane-specific road traffic LTE ——
router

Test vehicle Automated driving and drive
on-board [ assistance system

information equipment (prepared by test participant)
Mock emergency vehicle Time of acclt?ra_cy
. . . |
location information information map
— — generation
Traffic signal prediction Measurement location

information

* See the attachment for details regarding the system time synchronization method, the transmission delay time confirmation procedure, and time
deviation histograms for mock emergency vehicle no. 1 and no. 2



4. Results of mock emergency vehicle location information testing
(4) Test results

Five routes were defined (named A through E) and testing was performed

Location information accuracy was confirmed to decline in multipath environments (under the Yurikamome overpass and

nearby buildings). The amount of deviation was particularly large in the vertical direction

(measures must be taken to improve location accuracy using map matching technologies, IMU, etc.)

W
—

%

= Route D %
Low location => Route E5, J

accuracy

Shiokaze Park 4

Nuseum of Maritime

Tokyo Wan

Tokyo Po

= Route A

q ROUte B ‘,.i‘ Anaike Coliseum MNorth

q R t C An% Coliseum West
oute %

Bke Coliseum East

High location
accuracy

Yurikamome

[l Intersections that provide confirmed
information
Intersections that provide information with
margins

’ Intersections that do not provide traffic signal
current status or remaining seconds
information

Mock emergency vehicle driving routes
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4. Results of mock emergency vehicle location information testing

(4) Test results

® The amount of time required for information to reach the test vehicle on-board equipment from the mock emergency vehicle was 1.22
to 1.25 seconds, on average
This is the equivalent of roughly 13 m for a mock emergency vehicle traveling at 40 km/h and roughly 21 m for a mock emergency
vehicle traveling at 60 km/h

® \When emergency vehicles are closest to test vehicles and can be detected by vehicle sensors, delay times and location accuracy
requirements may not be very high, so there needs to be deeper exploration of autonomous vehicle use cases for emergency vehicle
location information, and the requirements placed on cooperative systems need to be organized

—TeSt vehicle S— Mogk emergency --- Distance between vehicles
speed vehicle speed
- 500
DOIS G168 | ’Jl
. . - 450
Distance from mock Mock emergency vehicle ~ ____-- 0 ©
00 ©emergency vehicle traverses intersection s @
e 350 >
£50.0 i 3
[ 300 o
3 g
2 10.0 250 2
= [rmemme———— | 20 £
3 100 Vehicles pass 200 3
S . ~. each other -
0.0 Vehicle sto| S b 150 %
: . .~
at intersec! 3 100 &
10.0 o &
Test vehicle e, i 3
0.0 t 0

. = = = = = = = B S = s s S

= b= — = = = = et = = =2 b=t ]

o] (2] o] 0o (o] (o] (s} o o o (=] [{=] o

(=) [ [} w B o o [ ) w B ) (=)

= o o o o o o D o o o o (=] o

Mock emergency: vehicle Time
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4. Results of mock emergency vehicle location information testing

(4) Test results: Method of verifying benefit analysis

[Verification approach]

(1) Drive recorder video was used to confirm at what time the mock emergency vehicle was visually identified (T1)

(2) Reception log files were used to determine the times when data was received for specified distances between the test vehicle and the mock
emergency vehicle (300 m and 500 m) (T2)

(3) The time differences between the T1 and T2 values were used to tabulate how many seconds earlier the vehicle received location information
before the vehicle was visible in the drive recorder video. This data was tabulated for each encounter situation

The time differences between the T1 and T2 values were used to evaluate how many seconds earlier the vehicle
received location information before the vehicle was visible in the drive recorder video

4 T1: Confirmed mock emergency vehicle visual confirmation N 4 T2: Time acquired from reception log file when mock N
time using drive recorder video (Time: 15:23:30) emergency vehicle was approaching (300 m, 500 m)

- Reception log time (sample)
500 m 15:22:22.231

Calculated time 300 m 15:22:33.434
difference

Reception log files used to acquire mock emergency
vehicle approach times

[ Distance between test vehicle and mock
emergency vehicle
" 600
AN T2: Time when mock
peesemeiareses omergency vehicle was 't 500 7
\ . Q
\‘ approaching (500 m) 400 3
\ g
....................................... « 300 3=
15:23:30 _ \ g
| rrTozc;kTeerggggy R ;T 200 8
\ I} o
N J vehicle was \ / 100 %
approaching (300 m) KV ! 0 =
= = = =
k | N B N B )
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4. Results of mock emergency vehicle location information testing

(4) Test results: Results of verification of benefit analysis * See the attachment for other equipment-side test results and the results of
analysis of other test participant driving data
(1) Drive recorder video was used to confirm at what time the mock emergency vehicle was visually identified and to arrange the data by
encounter situation
(2) The mock emergency vehicle visual confirmation times and information reception times (no. of seconds information was received in
advance of visual confirmation being possible in drive recorder video) were tabulated
[Analysis results]
For the 300 m information reception times, on average, information was received roughly 40 to 50 seconds before the vehicle was visible. For
the 500 m information reception times, on average, it was received roughly 1:20 to 1:30 seconds before the vehicle was visible.
= This enabled smooth slowing and stopping, and it appears that this information would prove effective in assisting with safe driving when
emergency vehicles are approaching

* Analysis was only performed for drives in which the mock emergency vehicles and the test participants were driving on
driving route A.
(This is because this FOT was envisioned for situations in which emergency vehicles are encountered in urban areas)

0:03:36 Mock emergency vehicle encounter situation
Information reception time (300 m)
o
CBD - Information reception time (500 m)
S 0:02:53
g
93
52
g9 0:02:10
5
5%
S z Avg. 1:30 sec
g3 0:01:26 T Avg. 1:16 sec vg. 1:20 sec
28
S % Avg. 50 sec Avg. 50 sec|
3 HE
0:00:00
Traversing intersecting road Approaching from front Approacmrlgsfrom rear - ‘
N=15 N=8 Approac"" e




4. Results of mock emergency vehicle location information testing

(5) Evaluation questionnaire

In addition to current location information, there were also comments requesting the provision of information such as
traveling direction, planned route, and turn signal status.

[Effectiveness of delivered information]

"With this information, we can determine the relative positions and relative speeds of emergency vehicles with respect to our
vehicle, so we think it would be extremely effective when the approach of an emergency vehicle would affect our own vehicle's
behavior."

"In addition to informing the driver and controlling automated driving, it would be best to make a stop determination roughly 20
seconds in advance to gradually bring the vehicle to a stop from 60 km/h. The vehicle control wouldn't need to be based on
the emergency vehicle's exact location, so a delay of 2 or 3 seconds would be acceptable."

[Improvement requests]

"The information would be even more effective if it included the emergency vehicle's traveling direction and (if possible)
information on its planned route."

"We would like to have planned route information, turn signal status information, and the like for emergency vehicles."

"Even if we know the current location of the emergency vehicle, we don't know what route it will take in the future, so we
determined that this information wasn't enough for us to make route changes for our own vehicle."

"When the emergency vehicle stops, we need to know if it's temporarily stopped on its way to its destination, or if it has
stopped because it reached its destination." "Knowing the intentions of the emergency vehicle would make the information
even more effective."

"It would be best if the information were linked with a high accuracy map to properly distinguish if emergency vehicles are
currently on elevated roads or on frontage roads."
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5. Results of traffic signal prediction information testing

(1) Overview of delivered information
® Below is an overview of the information

Information source: Metropolitan Police Department

Exit direction 4

Ml

Provided information: Traffic signal color prediction information when traffic Exit direction 1
signal cycle is confirmed —® ( (’::
Provision scope: Traffic signals in Waterfront City area Ei’:';cﬁon 3 . Ent,y route
Intersection A ‘
Exit direction 2
A
Traffic signal prediction A Conceptual imgge of.traffic'; sigpal color
. . changes in straight direction
information
Prediction information start Provided traffic signal prediction information contains the cycle start time
time (the time when the major road's traffic signal turns green) and light color
\d Intersection ID information for two cycles for each exit direction of each entry route.
_Trafficsignal color | | | |ntersections with confirmed traffic signal prediction information
information for each entr;’_ .. _ . ..
route and exit route Max. no. of sec_o_nds remaining = min. no. (_)f _seconds remaining before
(same format as V2I) color change, so it is possible to predict the timing of the traffic signal color

change

Traffic signal prediction information is
generated and provided three seconds
before start of prediction information

color change

Intersections with traffic signal prediction information with margins :
Max. no. of seconds remaining > min. no. of seconds remaining before
color change, so it is not possible to predict the timing of the traffic signal

For traffic signals with no traffic signal aspect/remaining seconds,
no traffic signal prediction information is provided




9. Results of traffic signal prediction information testing

(2) Information delivery process (flow of data)

® Traffic signal prediction information sent from Metropolitan Police

Department servers when the traffic signal cycle is confirmed is delivered
using the PULL/PUSH (specified distance) or PUSH (specified intersection)

The test vehicle on-board equipment's traffic signal
prediction information output scope consists of
intersections within a 30 m radius of the vehicle's

method. The test vehicle on-board equipment then outputs the prediction
information the modified remaining seconds information (choose one) (CAN

output filtering will also be performed)

Traffic signal
information network
distribution server

lllllllllll$llllllllllll notlﬂcatlon

Data aggregation once per second.
server

Push using WebSocket (Cycle start time for each intersection)

Traffic environmental information receiving system

Traffic signal
Dynamic map | Prediction

Data

When the test vehicle on-board equipment
begins transmission, it issues a delivery
pattern (PULL/PUSH (specified
distance)/PUSH (specified intersection))

It then transmits the vehicle's own location

Test vehicIeEIocation (every second)

position and a half-circle with a 330 m radius facing the
direction in which the vehicle is travelling (the same as
V2| traffic signal information) °

(]
Direction jof movement

tections

Delivery pattern

linking/ information el e e wl T@SE Vehicle
delivery distribution e o I . on-board
function server Traffic mwredlctlon information 3! equipment

Traffic signal prediction information
for the area specified in the delivery
pattern is determined based on the
vehicle's position and transmitted

LISt S
(-]
(]
ﬁhe following two patterns are being considered N

1. Output every 100 ms of traffic signal prediction
information, as-is

2. Output every 100 ms*1 of remaining seconds
information from the traffic signal prediction
information that has been edited to take into account
the time difference between when the information was

generated and the current time ),

Traffic signal prediction
information Vehicle

!

L - - control
Traffic signal information

(100 ms)
*1 For intersections providing traffic

Viewer display
terminal
(log file)

signal prediction information with

margins, when the minimum number
of seconds is 0, information is output
for when the traffic signal changes to

the next color
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5. Results of traffic signal prediction information testing

(3) Transmission delay times

* See the attachment for details regarding the system time synchronization method, the
transmission delay time confirmation procedure, and time deviation histograms

® The required time was shortest when using the specified intersection PUSH method. Data was delivered from the data aggregation
server to the vehicle with an average delivery time of 94 ms and a maximum delivery time of 324 ms, regardless of the number of
intersections (between 1 and 30 intersections)
® With the current system, it would be best to use the specified intersection PUSH method, as it can minimize delivery delay time
Characteristic Amount of time required for delivery from the data alngng'tré%%(f%nnds
server to the test vehicle on-board equipment
The server uses the vehicle's location and the designated
distance to determine which intersections correspond and No. of .
Specified delivers the corresponding information to the vehicle intersections Min. Avg. Max.
distance The delivery interval is set to 1 second
PUSH The delay time in transmitting information from the aggregation L 0.352 0.597 0.814
method server to the distribution server is further increased by 4 0.468 0.710 1.039
distribution server processing time and 0 to 1 seconds of wait 17 0.069 0.766 1.153
time 30 0.100 0.598 1.338
The vehicle periodically (in 1 minute intervals) pulls information
from the distribution server No. of
The distribution server saves delivered traffic signal prediction . L Min. Avg. Max.
information and, upon request, provides information to vehicles intersections
PULL for the block they are in and the blocks around them 1
method With the current system, a delay time of slightly over 1 minute 5 1.582 30.957 62.423
can occur 17 0.958 33.917 63.012
Shortening the delivery interval (to once every several seconds) 30
would be difficult due to the transmission load that would be
involved
The vehicle (using the MQTT protocol) notifies the distribution No. of .
Specified server of the intersections for which it wants information intersections Min. Avg. Max.
intersection The d|str|but|on server dehver; the Iatgst traffic signal pr_ed|ct|on 1 0.075 0.089 0.106
PUSH |nforma_t|on for th(_a rgqu_ested mFersechons, an.d then delivers 5 0.043 0.075 0112
traffic signal prediction information for the designated
method intersections whenever there are updates 17 0.080 0.094 0.139
This method has the shortest delay time of the three methods 30 0.046 0.081 0.324 43




5. Results of traffic signal prediction information testing

(4) Test results

* See the attachment for other equipment-side test results and the results of analysis of other test participant driving data

Traffic signal aspect information was received via V2N for intersections that were in front of the vehicle but were not visible. The
information could be used to support driving assistance and automated driving when entering intersections so, as with V2I, recognition
can be improved by use of dual information systems
With regard to the potential for using this information for traffic signal color recognition when using driving assistance or automated
driving, the FOTs found that, due to the following issues, there are problems with using the information for dilemma avoidance and with
recognizing traffic signal colors at or near the times when traffic signal colors changed. Measures must therefore be considered for
addressing these issues.

(1) There were discrepancies between when traffic signals actually changed and the content of the supplied information (time difference
of approx. 2 seconds)

(2) For intersections with remaining seconds margins, it is not possible to notify vehicles (or make predictions) of when traffic signals will

change

Daiba Ekimae No. 2 (East)

Time traffic _—
. Traffic signal )
signal color L Use of green traffic
Name of . prediction . . .
. - was recognized| . ) signal information for
intersection . . information ! )
in drive S first cycle of traffic
: reception time | _. o
recorder video signal prediction
Telecom information
. 15:26:36 15:25:56
Station-mae Daiba
Central Odaiba No. 1 (North) .. R
R

*

N
entral Odaiba No. 2 (South) . ¢*
Daiba Ekimae No. <K

1 (West)

"gr‘\ibké‘ze Park North
¢ hiokaze Park South

Telecom
Station-mae.

Museum of Maritime,*

Inform.atlon Science Entrance,* O o
reception < o
f ) o ke o
begins Tokyo Wangar Police o
tatior\.‘fﬁg‘ cprﬁ Center-mae

=: Direction of movement ) g o
—: Route traveled by test vehicle (15 Q A)

®: Intersection at which traffic signal prediction information was received in

graph at right

- ‘ i T Te——
The color; of.theiTelecom éﬁfnmmﬁr lintersectionjtraffic
dtsjiﬁ] @ﬂlﬂ not belvisuallylconfirmedlin: the

Visual confirmation of
green traffic signal

ilhelcolorfofithe
trafficlsignalfcould
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5. Results of traffic signal prediction information testing

(5) Evaluation questionnaire

® There were comments regarding time deviations between actual traffic signal color changes and traffic signal prediction
information, requesting the provision of traffic signal prediction information for intersections that provide information with
margins, other requests regarding societal deployment, etc.

[Time deviations between actual traffic signal color changes and traffic signal prediction information]

® "Actual traffic signal aspects differed from predictions (times when signals were predicted to change) by up to two seconds. A
deviation of two seconds is large enough to negate any dilemma zone avoidance benefits. A deviation of roughly 300 ms
would be within acceptable bounds."

® '"There's too much of a gap between actual traffic signal changes and the timing predicted in the information that was supplied.”

[Provision of traffic signal prediction information for intersections that provide information with margins]

® "We believe that, during the cycle, information needs to be updated after the preliminary finalization of the number of seconds
and after the information with margins aspect step. For traffic signals providing information with margins, we would like for
traffic signal aspect information to be delivered via V2N."

[Other (preparation for societal deployment)]

® "If information delivery services are available for some traffic signals but not for others within the same area, the information
would be less effective. It would be best if information were delivered for all intersections in areas where information is
provided."

® "We would like for societal deployment to occur in around 2023. The sooner the better."
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This report documents the results of Cross-ministerial
Strategic Innovation Promotion Program (SIP) 2nd Phase,
Automated Driving for Universal Services (SIP-adus, NEDO
management number: JPNP18012) that was implemented
by the Cabinet Office and was served by the New Energy
and Industrial Technology Development Organization
(NEDO) as a secretariat.




